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Introduction

Osteomyelitis is one of the most devastating conditions of the
foot and ankle, and it remains a challenge to the clinician in
both diagnosis and treatment. The lower extremity tends to be
more susceptible to infection due to thin soft tissue layers,
potentially poor vascular supply, neuropathy, structural defor-
mity, boney prominences, and poor fitting shoes. Trauma, dia-
betes, peripheral vascular disease, prosthetic implants, and
bacteremia can all lead to debilitating infection within the
bones of the lower extremity. Advances in diagnosis and treat-
ment have helped promote limb salvage, but there is still a
great risk of partial or complete limb loss once infection
involves the skeletal framework. Osteomyelitis is considered
to be one of the most difficult-to-treat infectious disease pro-
cesses. Despite its devastating outcomes and relatively high
prevalence, there is a wide disparity in its diagnosis and treat-
ment. Thus, a consensus for the most appropriate modalities
for diagnosis and the most effective methods for treatment is
difficult to achieve. This chapter will introduce the topic of
osteomyelitis of the foot and ankle and provide a broad con-
struct for a more detailed discussion found in the remainder of
this book. Osteomyelitis simply defined is inflammation of
bone usually caused by an infectious source, as was first intro-
duced by Nelaton in 1844 [1, 2]. When broken down into its
components, “osteo-"" means bone, “myelo-” means marrow,
and “-itis” means inflammation. This very definition can
cause confusion depending on the clinician’s perspective and
specialty. For example, a surgeon treating ‘“osteomyelitis”
assumes a clinical infectious process corroborated by the
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pathologist who diagnoses osteomyelitis histologically.
The pathologist, however, is reporting elements of an inflam-
matory process and not necessarily infection. In other words,
osteomyelitis can mean something different to each specialist.
It is possible that the lack of consensus for definition of osteo-
myelitis can create an environment where necessary treatment
may not be rendered. Further, other terms can add to the over-
all confusion in defining osteomyelitis or related diagnoses. In
the literature, the term “osteitis”” can be confused with osteo-
myelitis but usually refers to involvement of the cortex only,
whereas osteomyelitis also invades the bone marrow.
Similarly, “periosteitis” is an infectious process involving
only the periosteum [1—4]. Osteomyelitis can involve only
part of a single section of bone or may encompass multiple
sections of a bone such as the periosteum, cortex, or marrow.
It can also involve more than one bone, which is often the case
when occurring from a septic joint, infected prostheses, or an
infection resulting from Charcot neuroarthropathy.
Epidemiological data on osteomyelitis of the foot and
ankle is not consistent or abundant. Most of the data avail-
able is focused on other parts of the body, such as the tibia
or mandible. In addition, most of the research on foot and
ankle osteomyelitis is developed around osteomyelitis pres-
ent in diabetic foot ulcers, leaving minimal data related to
trauma and other causes. The overall incidence of osteomy-
elitis is not generally high because healthy bone is normally
resistant to infection. Waldvogel et al. in 1970 reported that
19 % of osteomyelitis cases were due to hematogenous
spread, 47 % from contiguous-focus, and 34 % were associ-
ated with vascular insufficiency [5, 6]. Currently the inci-
dence of new cases of hematogenous, pediatric osteomyelitis
is 2.9-22 per 100,000 patients [7-9]. The overall incidence
of bone and joint infections in adults is 54.6 per 100,000 as
was reported in 2012 [10]. It is still thought that today the
majority of cases, particularly in adults, are contiguous-
focus osteomyelitis especially with the dramatic rise in the
diabetic population. As far as posttraumatic osteomyelitis,
2-16 % of open fractures are associated with bone infection
depending on the extent and severity of the injury [11-13].

T.J. Boffeli (ed.), Osteomyelitis of the Foot and Ankle, DOI 10.1007/978-3-319-18926-0_1


mailto:caitlin.garwood@gmail.com
mailto:paul.j.kim@gunet.georgetown.edu

C.S. Garwood and P.J. Kim

Currently 382 million people worldwide are living with dia-
betes [14]. The risk of foot ulceration in diabetic patients is
as high as 25 % and approximately 20-68 % of these ulcer-
ations are reported to be complicated by osteomyelitis [15—
21]. Osteomyelitis brings a significant risk of amputation
whether it is a single digit, total ray, transmetatarsal, or
lower limb and the rate of amputation has been reported to
be up to 66 % [16, 21-23].

Etiology and Classification

Ideally, classifying osteomyelitis should incorporate all possi-
ble etiologies as well as address the various timing of the dis-
ease. Further, it is helpful when a classification system includes
suggestions for treatment. Due to the different types of osteo-
myelitis, several classification schemes have been developed.

Osteomyelitis is broadly categorized into acute, subacute,
or chronic based on timing and presentation of the disease
process. Acute bone infection develops over several days to
weeks, with 2 weeks being the most accepted time frame [5,
6, 24]. Chronic osteomyelitis has been defined arbitrarily as
evolving or lasting over several months, with 6 months being
the most widely accepted period [, 6, 25, 26]. Any infection
lingering between 2 and 6 months would then be classified as
subacute. The temporal definitions are imprecise and confus-
ing especially when there might be evidence of necrotic and
chronic changes in the bone only one week after presenta-
tion. Others have defined “acute” as the first presentation of
osteomyelitis in a particular bone and “chronic” as a recur-
rence of the infection that had previously been treated.
Categorizing osteomyelitis as “initial” and “recurrent” may
be more useful for the clinician in terms of implementing a
proper treatment regimen [2, 3].

Osteomyelitis can be classified based on the cause
whether by direct extension, hematogenous spread through
contamination of the bloodstream, or contiguous spread
from a current site of infection [27]. Direct extension osteo-
myelitis encompasses bone infections that arise from either a
puncture wound or elective surgery that exposes bone to an
infectious contaminant. It has been reported in the literature
that 2 % of puncture wounds lead to osteomyelitis [28, 29].
Hematogenous osteomyelitis occurs from the seeding of
bacteria from a distant site or bacteremia that spreads through
the vascular system [26, 30]. It is thought to be primarily a
pediatric disease with 85 % of the cases occurring in patients
17 years of age or younger [31]. It can also occur in the
elderly or intravenous drug abusers. The last etiology is con-
tiguous spread which includes bone infections that start from
a soft tissue infection including open fractures, decubitus
ulcers, or diabetic foot ulcers.

Two classification systems are commonly used through-
out the literature and are important in understanding osteo-
myelitis. Other classifications have been described but are

Table 1.1 Classification schemes for osteomyelitis [5, 33, 121]

Classification  Overview
“Waldvogel”

Reference

[5], see
Table 1.2

Mechanism

— Hematogenous

— Contiguous

— Vascular compromise
e Duration

— Acute

— Chronic

[33], see
Table 1.3

“Cierny- * Anatomic
Mader™ — Medullary

— Superficial

— Localized

— Diffuse

» Physiologic

— Normal host

— Compromised

— Prohibitive
“Buckholtz” 1. Wound induced
. Mechanogenic infection
. Physeal osteomyelitis

[121]

. Ischemic limb disease
. Combinations of 14
. Osteitis with septic arthritis

~N O L BN

. Chronic osteitis/osteomyelitis

Table 1.2 Waldvogel classification of osteomyelitis [5, 6, 31]

Type Characteristics
Mechanism of Hematogenous Seeding of bacteria from a
bone infection distance source that spreads
through the bloodstream
Contiguous Infection from an adjacent
site such as open fracture
Associated Infections in patients with
with vascular peripheral vascular disease
compromise or diabetes
Duration of Acute Initial diagnosis of
infection osteomyelitis. Edema,
abscess, vascular congestion,
small vessel thrombosis
Chronic Prolonged or recurrence of

acute case
Ischemia, necrosis, sequestra

not used in common practice (Table 1.1). Waldvogel in 1970
developed a classification based on the duration of the dis-
ease, the mechanism of infection, and presence or absence of
vascular insufficiency [5, 32]. A short coming of this classi-
fication system is that it provides no therapeutic guidelines
(Table 1.2). Cierny and Mader developed a classification that
is most applicable to long and large bones and has been seen
as difficult to apply to digital bones or other small bones in
the foot. It is based on the area of bone infected and the phys-
iological status of the host and also incorporates the dynamic
nature of the disease, which is useful to the clinician
(Table 1.3) [25, 32, 33].
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Table 1.3 Cierny-Mader staging system for osteomyelitis [26, 31-33]

Stage Name Characteristics
Anatomic type I Medullary Infection restricted to the bone
marrow
II Superficial Infection restricted to outer cortex
III Localized Well demarcated, full-thickness
lesion without instability
v Diffuse Infection spread to entire bone
circumference with instability
Physiologic class A Normal host No comorbidities
B Bs Systemic compromise
Bl Local compromise
Bls Systemic and local compromise
C Prohibitive/poor Treatment has a higher risk than

clinical conditions

osteomyelitis itself

Clinical example(s)

1. Infected intramedullary rod

2. Hematogenous osteomyelitis

Diabetic foot ulcer with infection extending to bone
Progression from Stage I or II

Progression from Stage I, 11, or III

Diabetes, malnutrition, renal failure, hepatic failure,
malignancy, extremes of age, immune disease
Smoking, chronic lymphedema, major or small
vessel compromise, venous stasis, arthritis, large
scars, neuropathy

Combination of above factors

Patient who is not a surgical candidate or who
cannot tolerate long-term antibiotics

Pathophysiology and Microbiology

The pathophysiology of osteomyelitis is complicated but a
basic understanding can help in the diagnosis and treatment
of this disease. Throughout the natural course of osteomyeli-
tis osseous changes occur, biofilm forms, and neutrophils
cause major defects. All forms of osteomyelitis begin by
bacteria adhering to the bone matrix via receptors to fibro-
nectin, fibrinogen, laminin, collagen, and proteins [4, 34—
37]. The attached organisms cause an inflammatory response
of the bone. As inflammation persists and intramedullary
pressure rises, the vascular channels become obliterated
causing patches of ischemia and bone necrosis. These areas
of necrotic bone can detach from the bone and are called
sequestra [4, 25, 26, 34-38]. As necrotic bone is forming,
osteoclastic activity is stimulated by inflammatory factors
such as interleukin-1 and tumor necrosis factor. This causes
loss of bone and creates a destructive appearance of the
bone. At the same time, a periosteal reaction begins and
causes new bone formation. This surrounds and encases the
sequestrum and is termed involucrum. During the process of
bone formation and destruction cloaca form, which are open-
ings in the involucrum that connect to the sequestrum. It is
through the cloaca which exudate often extrudes [3, 38].
Bacteria are able to fend off host defenses as well as anti-
biotics through the formation of biofilm, and thus infections
can persist even after medical or surgical treatments. Biofilms
are colonies of pathogens that bind to the surfaces of wounds
or implants. They are generally composed of 25-30 % patho-
gen and 70-75 % self-secreted amorphous matrix [34-39].
A wound bed is an ideal environment for biofilm to form
since it is moist and nutritionally supportive. Biofilm also
tends to form on devitalized tissue and bone, such as involu-
crum [38]. It has been reported that as rapidly as 10 h, many

of the bacteria flora present on the skin can form a biofilm
[40]. They generally are polymicrobial in nature with anaer-
obes, Serratia, Staphylococcus, and Pseudomonas being the
most robust [38—41]. In addition to multiple species present,
there are various mechanisms by which a biofilm inhibits
wound healing and can make the host more susceptible to
osteomyelitis. The matrix created by the biofilm itself cre-
ates a physical barrier that inhibits host inflammatory cells
from ridding the body of the pathogens. Biofilms are highly
resistant to antibiotics as they do not easily penetrate through
this matrix. Also, there is a metabolically senescent nature of
biofilm, which leads to further resistance since many antibi-
otics target rapidly dividing bacteria [35, 39, 41]. Thus, it has
become increasingly important to treat and extinguish the
biofilm in a wound, on the surface of hardware (screws,
plates, suture, joint implants), or on exposed bone in order to
fully treat or prevent osteomyelitis.

Most foot and ankle osteomyelitis is polymicrobial in
nature, except hematogenous osteomyelitis, which is almost
always monomicrobial [38]. As with soft tissue infections,
the causative agent in bone infections is primarily bacterial
but can also result from fungal, parasitic, viral, or mycobac-
terial infections (Table 1.4) [32, 42]. Staphylococcus aureus
is the most prevalent causative organism in osteomyelitis [4,
43]. It accounts for the majority of hematogenous osteomy-
elitis in children and adults and is present in many other foot
and ankle cases. S. aureus has a number of unique traits that
make it particularly virulent. First, it contains factors that
allow it to attach to extracellular matrix proteins contributing
to early colonization of the host. S. aureus also has features
such as toxins and capsular polysaccharides that make it less
susceptible to host defenses. Osteolysis has been seen to
occur rapidly from the increased osteoclastic activity due to
the release of tumor necrosis factor-a, prostoglandins, and
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Table 1.4 Most commonly associated microorganism and their clinical setting [4, 25, 32]

Common clinical setting Etiology
Hematogenous, all ages
Hematogenous, infants/children

Diabetes mellitus, vascular insufficiency,
contaminated open fracture

Orthopedic implant devices, hardware,
foreign bodies

Human or animal bites
Puncture wounds on the foot
Soil contamination

Staphylococcus aureus
Haemophilus influenzae

Polymicrobial: Staphylococcus aureus, B-Hemolytic Streptococci, Enterococci, aerobic
gram-negative bacilli

Staphylococcus aureus, coagulase-negative staphylococci (Staphylococcus epidermidis)

Pasteurella multocida, Eikenella corrodens
Pseudomonas aeruginosa
Clostridium sp., Bacillus sp., Stenotrophomonas maltophilia, Nocardia sp., atypical

mycobacteria, Aspergillus sp., Rhizopus sp., Mucor sp.

Sickle-cell disease Salmonella sp.

Intravenous drug users

interleukin-1. It is the combination of these factors that
makes S. aureus a common culprit in chronic infections lead-
ing to osteomyelitis [25, 26, 32, 35, 38]. Of great importance
in foot and ankle osteomyelitis is the increasing prevalence
of methacillin-resistant S. aureus (MRSA). This pathogen is
frequently encountered in hospitalized patients along with
other multidrug-resistant organisms. In 2013, it was reported
that the incidence of community acquired MRSA was 1.6—
29.7 cases per 100,000 and 2.8-43 % of those were bone and
joint infections [44]. It has also been reported to account for
15.3 % of osteomyelitis cases in diabetic foot infections [26,
45, 46]. This rise in incidence throughout the general popula-
tion, not just diabetic patients, has prompted clinicians to use
broad-spectrum antibiotics prior to culture results. The treat-
ment of MRSA osteomyelitis can be more prolonged and
complicated with increasing lengths of hospital stays and
complications [44, 45].

Pseudomonas aeruginosa is another common organism
seen in osteomyelitis of the foot. It is frequently seen as the
infecting organism in plantar puncture wounds since it is
present on the soles of shoes and its predilection for warm,
moist environments. It has been reported that osteomyelitis
complicates 1.8-6.4 % of puncture wounds sustained to the
feet [2, 26, 47-49]. In 2.5-14.6 % of diabetic foot osteomy-
elitis, P. aeruginosa has been isolated and is associated with
a higher rate of recurrence and amputation than S. aureus
[26, 46]. Thus, P. aeruginosa may be a more problematic and
underappreciated organism in osteomyelitis.

Populations at Risk

Osteomyelitis behaves differently in various patient popula-
tions as well as different anatomical locations. There are
cohorts of patients that are at a higher risk of developing a
bone infection and situations where the clinician needs a
higher index of suspicion for the disease. Recognizing
patients and clinical situations with a high predilection for

Pseudomonas aeruginosa, Staphylococcus aureus, Candida sp.

developing osteomyelitis will help the clinician with early
diagnosis and an appropriate treatment protocol.

As mentioned previously, hematogenous osteomyelitis
most frequently occurs in children. Those with an even
higher risk factor are children with sickle-cell disease [50].
Due to obstruction and damage to the spleen, they are at an
extreme susceptibility to infection. Risk factors in adults
include intravenous drug use as well as common causes of
bacteremia. These include urinary tract infections, indwell-
ing catheters, central intravenous lines, and hemodialysis [2].

Recent trauma or surgery can put a patient at a higher risk
of developing osteomyelitis. Any foot and ankle surgery can
lead to a deep infection involving the bone. An incisional
dehiscence, if not treated appropriately and in a timely fash-
ion, can cause a debilitating infection in the bone. Likewise,
implanted devices including plates, joint implants, and exter-
nal fixators bring a higher risk factor simply by introducing a
foreign material into the body. These implanted devices due
to its contact on the bone surface can provide an optimal
environment for biofilm formation, which in turn can cause
infection of the underlying bone [51]. Patients who sustain
an open fracture are more susceptible to osteomyelitis until
the bone is covered with a soft tissue envelope. The longer
the bone is exposed, the more likely the chance of develop-
ing a complication [52]. It is recommended that definitive
soft tissue reconstruction take place within 7 days of injury
and ideally by day 3, to minimize the risk of reconstructive
failure or deep infections [52—-54]. Injuries to the nail plate
can also increase the risk of bone infection, particularly in
pediatric patients because of the lack of soft tissue between
the nail and the underlying bone [2, 55, 56]. Puncture wounds
to the foot as well as animal or human bites can predispose
the bone to infection [48, 49].

Complicating factors such as peripheral neuropathy,
peripheral vascular disease, and underlying immunocompro-
mise can lead to foot ulcerations. Wound chronicity can even-
tually lead to deep ulcers that penetrate to the level of the
bone. It is important for high-risk patients, such as diabetics,
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to minimize ulcerations by appropriate foot care and preven-
tion [22, 23, 57]. Peripheral vascular disease (PVD), which is
encountered in diabetic patients as well as tobacco abusers, is
another risk factor. With decreased blood circulation to the
foot or ankle, patients are at a higher risk of developing a
wound [58]. The lack of blood flow creates a recalcitrant
wound healing environment and the patients are at a higher
risk for osteomyelitis. Often, patients will have both diabetes
and PVD and have a 2- to 5.5-fold increase risk of ulceration
leading to osteomyelitis [15, 59]. Patients with an impaired
immune function may not have the ability to appropriately
fight off an infection and thus are at a higher statistical risk of
developing a deep bone infection. This includes patients tak-
ing corticosteroids for rheumatic or dermatologic diseases,
patients receiving chemotherapy, organ transplant recipients,
as well as systemic diseases like diabetes [25, 58, 60].
Uncontrolled diabetics live in a state of elevated glucose lev-
els which impairs leukocyte function and can negatively
affect the body’s ability to respond to antimicrobials [60].

The lower extremity itself is a risk factor for developing
osteomyelitis and is well known to be a hard-to-treat ana-
tomical location. The foot and ankle has a relatively thin soft
tissue envelope covering deep anatomical structures. This
makes the lower extremity highly susceptible to repetitive
trauma especially in areas of boney prominences. Once bone
is exposed, soft tissue coverage can be challenging. There
are very limited options for local tissue coverage in the lower
extremity. Surgeons have thus turned to free tissue transfer to
increase soft tissue girth, but the complexity of these proce-
dures can lead to significant complications in many patients,
especially in the elderly or patients with diabetes, peripheral
vascular disease, end stage renal disease, or infection [61,
62]. In addition, instability is often created when bone is
resected from the foot or when partial amputations are per-
formed. This creates a dysfunctional lower extremity and can
also lead to other problems including new ulcerations. As
mentioned previously, many patients with foot osteomyelitis
have poor vascular supply and the inability to heal. Rather
than undergoing numerous limb salvage procedures when
osteomyelitis is involved, patients may be better served with
a below-knee or above-knee amputation [61-66].

Diagnosis

A unique challenge with osteomyelitis is definitively diag-
nosing the disease and making this diagnosis early. An accu-
rate diagnosis is needed in order to formulate an appropriate
treatment plan which is especially true for this progressive
destructive process. There are several modalities used for
identifying osteomyelitis including history, physical exami-
nation, laboratory values, imaging, microbiology, and bone
biopsies (Fig. 1.1) [20, 67-81]. Ultimately, a combination of

these modalities is needed to diagnose osteomyelitis. Each
diagnostic modality has its own strengths and weaknesses
with no single modality providing conclusive evidence of
bone infection. To date, no single, robust, consensus-driven,
diagnostic algorithm is available for clinicians to utilize for
osteomyelitis. Since there is no standardized method avail-
able, ambiguous results and potentially failure of treatment
can result.

An adequate history can be very informative for raising
the suspicion and approaching a diagnosis of osteomyelitis.
Frequent symptoms can include redness, swelling, pain, or
drainage from a wound or surgical site. Often the pain is
described as vague, deep, and chronic [4]. Any history of
trauma or ulceration should be thoroughly investigated. Past
medical history should be evaluated as well for systemic dis-
eases and their current management and control. For exam-
ple, it is important to evaluate glycemic control in diabetic
patients. Other useful information includes nutritional status,
ambulatory status, age, and presence of neuropathic or
peripheral vascular symptoms [4, 26].

Physical examination and laboratory values for infection
are two other commonly utilized modalities for the diagnosis
of osteomyelitis. The physical signs of osteomyelitis are sub-
jective in nature. This includes signs of infection of the over-
lying soft tissue envelope as well as the quality of the
suspected area of bone infection. Fragmentation, necrosis,
desiccation, and frank purulence of the bone are strong indi-
cators of infection. However, these signs may not be specific
for osteomyelitis. Fragmentation could be due to other fac-
tors including nutrition, age, Charcot neuro-osteoarthropathy,
and trauma. Necrosis and desiccation could be the result of
vascular compromise. Further, frank purulence may not be
coming from the bone but from the surrounding soft tissue
infection. The Grayson study recommended the “probe-to-
bone” test for the diagnosis for osteomyelitis [19]. They
reported a sensitivity of 66 %, specificity of 85 %, and a posi-
tive predictive value of 89 % with probe-to-bone test and
presence of osteomyelitis. However, a subsequent study by
Lavery et al. called into question the specificity for this test
[68]. Their diagnosis had been confirmed with a bone culture
and they found a sensitivity of 87 %, specificity of 91 %,
positive predictive value of only 57 %, but a negative predic-
tive value of 98 %. This shows that a negative probe-to-bone
test may be more useful in excluding osteomyelitis than a
positive test would be for confirming diagnosis. Elevated
laboratory values including C-Reactive Protein, erythrocyte
sedimentation rate, and white blood cell counts may be sur-
rogate indicators of bone infection but lack specificity for
osteomyelitis [82—-84].

One of the major problems with diagnosing osteomyelitis
is that imaging studies have low sensitivity to early detection
and are non-specific. Plain radiographs, nuclear medicine
studies, and magnetic resonance imaging are among the most
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Fig. 1.1 Modalities used for
diagnosing osteomyelitis. Each
box represents a different modal-
ity with key points listed below. It
is designed to represent the fact
that several tools are used in com-
bination to formulate the diagno-

History

* Can raise the suspicion for
infection

» Can not diagnose
osteomyelitis by history
alone

Bone Culture

» Can provide information

about specific pathogens
* Poor reliability due to
contamination from skin
flora and prolonged
antibiotics

sis of osteomyelitis
[4, 19, 20, 26, 67-87]

Physical Exam: Signs of

infection, Probe-to-bone

test

* A negative PTB is useful for
excluding osteomyelitis

» Signs of infection and PTB are
not specific for osteomyelitis

Diagnosing
Osteomyelitis

Bone Biopsy

« Historically accepted as the 'gold

standard'
« Improper sampling, current

antibiotic use, and questionable

histopathology can give
misleading results

Labs: CRP, ESR,

WBC

* Elevated levels can indicate
infection

 Lack specificity

commonly used imaging modalities for the diagnosis of
osteomyelitis. Several studies have looked at the sensitivity
and specificity of each without reaching a consensus on appro-
priate imaging [20, 67, 70-79, 85]. The second major issue is
the difficulty in distinguishing between osteomyelitis and a
different disease entity. This is especially troubling to the foot
and ankle surgeon when dealing with diabetic patients. Sixty
to seventy percent of diabetic patients have mild to moderate
peripheral neuropathy and are at risk of developing neuro-
osteoarthropathy [88, 89]. Charcot neuro-osteoarthropathy of
the foot can often be mistaken for osteomyelitis both on phys-
ical examination as well as on imaging. Even more of a chal-
lenge is when both disease entities are present concomitantly.

Bone biopsy and bone culture are also commonly used to
definitively diagnose osteomyelitis. In fact, it has long been
purported that a bone biopsy is the gold standard for diag-
nosing osteomyelitis. However, it is not without its own chal-
lenges and problems due to improper sampling techniques,
current use of antibiotics, or questionable histopathology
results [80]. A study by Meyr et al. evaluated the reliability
of histopathology of bone biopsies used for diagnosis of
osteomyelitis in diabetic patients. They found a unanimous
agreement between four board-certified pathologists for only
33.33 % of the specimens examined. Questionable results

Imaging: X-rays, CT,
MRI, Bone scan

» Can guide extent of surgica
debridement

» Lacking consensus on
sensitivity and specificity

where at least one pathologist diagnosed “no evidence of
OM” and at least one other pathologist diagnosed “findings
consistent with OM,” occurred 41.03 % of the time [80].
Further, as discussed in a previous paragraph, osteomyelitis
may be used as a descriptive histological term that may or
may not indicate infection, rather than a diagnosis. Bone tis-
sue cultures also pose an issue with specimen contamination
and only specific bacteria being cultured [86, 87]. There is a
risk of false-positive results from skin flora surrounding the
bone, but also a risk of false-negative results due to pro-
longed release of antibiotics from bone [87]. Thus, there is
poor reliability of bone cultures taken in the presence of a
wound in determining the diagnosis of osteomyelitis as well
as the infecting pathogen.

Management

The ideal management of osteomyelitis depends on several
factors specific to each patient and circumstance. Both medi-
cal and surgical methods are available and often a combina-
tion of therapies is necessary (Fig. 1.2). The goal of treatment
is to eliminate infection and to prevent the development of a
chronic infection or recurrence. A team approach to treatment
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Fig. 1.2 Management of osteomyelitis. The advantages and disadvantages of antibiotic therapy, surgical debridement, and adjunctive therapy

[2,25,92-107]

is often employed and includes specialty care for wound
management, surgical debridement, antibiotic therapy, vascu-
lar optimization, and soft tissue or limb reconstruction
[18, 57,90, 91].

It has long been accepted that 4-6 weeks of parenteral anti-
biotics is the standard course of treatment for osteomyelitis.
This theory, however, was largely drawn from animal models
as well as observational data with randomized patient trials
lacking [2]. The choice of antibiotics should be pathogen-
driven while taking into consideration bone penetration, long-
term side effects, and cost-effectiveness. Oral antibiotics are
now being seen as an acceptable alternative to parenteral
treatment as several antibiotics have excellent oral bioavail-
ability with good bone penetration. Some oral antibiotics with
acceptable oral bioavailability commonly include linezolid,
fluoroquinolones, and clindamycin. Many have also employed
a combination therapy where parenteral antibiotics are initi-
ated for approximately 2 weeks followed by a prolonged
course of oral antibiotics [2, 25, 92-94]. A recent Cochrane
Review showed no statistically significant difference in terms
of remission for patients treated with oral versus parenteral
antibiotics. They also found no or insufficient evidence in
terms of optimal length of treatment or medication [93].

Surgical debridement of bone infection is of significant
importance in situations in which antibiotic therapy is not
adequate, abscess or necrotic tissue is present, or systemic
illness or sepsis mandates surgical intervention. A surgical
plan is formulated based on the site and extent of infection as
well as preservation of a functional limb. A surgeon must
remove all necrotic bone and soft tissue which can frequently
leave large deficits of bone or lead to minor or major amputa-
tion. After adequate debridement, there may be the need for
boney stabilization or soft tissue reconstruction and coverage
[93, 95-97]. Antibiotic impregnated spacers are also used to
elute antibiotics over time in an area where infected bone was
resected [98]. It has been seen useful for salvage after osteo-
myelitis, most frequently in the forefoot, in patients who
would have otherwise received an amputation [98—100].

Another adjunctive therapy is the use of hyperbaric oxy-
gen (HBO) therapy for chronic osteomyelitis. HBO therapy
increases the oxygen tension of tissue and bone and has been
shown to have several proposed effects on wound healing
and osteomyelitis including improved leukocyte function,
increased osteoclastic activity, and neovascularization [2,
26, 101, 102]. Although there is some proven efficacy when
used in conjunction with other treatment modalities, strong
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evidence is lacking on the success or efficacy of HBO ther-
apy, especially when used alone and not with antibiotics or
surgery [2, 101-107].

The combination of antibiotic therapy with surgical
debridement has proven to be successful for long-term out-
comes. It has not been proven whether surgical debridement
alone would be adequate to prevent remission. Some authors
believe that inadequate debridement is correlated with higher
rates of recurrence [93, 96, 97, 108, 109]. Others report that
antibiotic therapy can be shortened after debridement [110,
111]. Ultimately, a combination of therapies is most widely
used and the clinician must make the decision based on each
unique clinical situation.

Outlook

Unfortunately for patients affected by osteomyelitis of the
foot and ankle, amputation can be an end result. This can
include digital, partial ray, transmetatarsal, midfoot, below-
knee or above-knee amputations. Amputations can have a
great impact on a patient psychologically and in terms of
their quality of life [112-116]. Digital and partial foot ampu-
tations alter the biomechanics of the foot and can lead to
difficulty in ambulation or new ulcer formation and recur-
rence. Major amputations come wrought with complications
as well including inability to ambulate, increased energy
expenditure, and increase risk of mortality. It has been
reported that a major leg amputation has a mortality rate of
52-70 % at 2 and 5 years [117, 118]. Every attempt should
be made to preserve pedal function; however for some
patients, the benefit of amputation out-weighs the risk of
long-term antibiotics or multiple salvage surgeries. The
overall recurrence rate of osteomyelitis remains at about
20-30 % in a patient’s lifetime. In certain situations, such as
with P. aeruginosa, the recurrence rate is as high as 50 %
[93, 119, 120]. Patients who have osteomyelitis are consid-
ered to have a lifetime risk of recurrence at the same site
of previous infection due to alterations to the bone surfaces
and health.

Conclusion

Osteomyelitis of the foot and ankle is a major public health
problem. With the rise in bacterial resistance to antibiotics as
well as the lack of new antibiotics in the development pipe-
line, judicious use is required. However, there is a lack of
consensus on the most appropriate methods for diagnosis
and treatment of osteomyelitis. Thus, antibiotics may be
used inappropriately. Surgical options for the treatment of
osteomyelitis including resection, removal of hardware, and
amputation also have problems. The lack of skeletal integrity

compromises the functional capabilities of the foot and
ankle. Experienced clinicians recognize that current diag-
nostic and treatment modalities fall short of providing a
definitive answer. The following chapters provide a detailed
discussion on the current evidence as well as valuable insight
for the diagnosis and treatment of osteomyelitis.
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