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Long bone osteomyelitis is traditionally staged by the Waldvogel classification system.
The Waldvogel classification is an etiologic system that does not readily lend itself to
guiding surgical or antibiotic therapy. As a result, classifications have been developed to
emphasize different clinical aspects of osteomyelitis. These classifications include those of
Kelly Weiland, Ger, Gordon, May, and Cierny-Mader. Most of the these systems apply to
osteomyelitis at any site, but the Gordon and May systems are limited to tibial disease.

The Waldvogel system is the classic etiologic system. Although it loosely stratifies
osteomyelitis in a general sense, it can not be used to develop comprehensive treatment
plans. In comparison, the Cierny-Mader staging system was developed to clinically stratify
long bone osteomyelitis and to permit the development of comprehensive treatment
guidelines for each stage.

This card will review the different staging systems. The clinical application of the Cierny-
Mader system as it applies to the diagnosis and treatment of osteomyelitis is discussed
separately. (See "Cierny-Mader staging and the treatment of long bone osteomyelitis").

STAGING SYSTEMS

Waldvogel classification — The first long bone osteomyelitis staging system was
described in 1970 by Waldvogel [1]. He described three categories of osteomyelitis:
hematogenous; contiguous focus; and osteomyelitis associated with vascular insufficiency:

* Hematogenous osteomyelitis is predominantly encountered in the pediatric population
with 85 percent of cases occurring in patients under 17 years of age; this form of
osteomyelitis is more common in males at any age [2]. The bone infection usually affects
the long bones in children while, in adults, the lesion is usually located in the thoracic or
lumbar vertebrae.

» Osteomyelitis secondary to a contiguous focus of infection can derive from a direct
infection of bone, from a source outside the body (ie, soft tissue trauma, open fracture, or
surgery), or from the spread of infection from an adjacent focus (ie, soft tissue infection,
dental abscess, or decubitus ulcer). Contiguous focus osteomyelitis has a biphasic age
distribution: the infection occurs in younger individuals secondary to trauma and related
surgery; and in older adults secondary to decubitus ulcers and infected total joint
arthroplasties [1].

» Osteomyelitis associated with vascular insufficiency is usually seen in individuals with
diabetes mellitus. Of the 31 patients in Waldvogel's study with this form of osteomyelitis,
25 were diabetic, five had severe atherosclerosis not related to diabetes, and one had
vasculitis secondary to rheumatoid arthritis [1]. All of the infections affected the toes,
metatarsals, tarsals or hindfoot. The patients in this group were mainly between the ages of
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40 and 70 years.

Waldvogel's remains the major osteomyelitis classification system. However, it is an
etiologic classification system that does not readily lend itself to guiding surgical or
antibiotic therapy. As a result, other classification systems have been developed to
emphasize different clinical aspects of osteomyelitis.

Kelly classification — The Kelly classification system divides osteomyelitis in adults into
four categories [3]:

* Hematogenous osteomyelitis

* Osteomyelitis in a united fracture (fracture with union)
* Osteomyelitis in a nonunion (fracture with nonunion)
 Postoperative osteomyelitis without fracture [4].

This classification system emphasized the etiology of the infection and its relationship to
fracture healing.

Weiland classification — Weiland defined chronic osteomyelitis as a wound with exposed
bone, positive bone cultures, and drainage for more than six months [5]. A similar wound
with drainage for less than six months was not considered to be a site of chronic
osteomyelitis. The infection was further divided on the basis of soft tissue and the location
of bone involved:

» Type I osteomyelitis was defined as open, exposed bone without evidence of osseous
infection but with evidence of soft tissue infection.

* Type II osteomyelitis showed circumferential, cortical, and endosteal infection.
Radiographs demonstrated a diffuse inflammatory response, increased bone density, and
spindle-shaped sclerotic thickening of the cortex. Other radiographic findings included
areas of bony resorption and often a sequestrum with a surrounding involucrum.

» Type III osteomyelitis revealed cortical and endosteal infection associated with a
segmental bone defect.

Ger classification — The Ger classification system addresses the physiology of the wound
as it relates to osteomyelitis [6]. The categories included simple sinus, chronic superficial
ulcer, multiple sinuses, and multiple skin-lined sinuses. If the wound is not appropriately
managed, the bone infection cannot be arrested. Early coverage of open tibial fractures
with soft tissue prevents the later development of osteomyelitis, ulceration and perhaps
nonunion.

May classification — The May classification system focuses on the status of the tibia after
soft tissue and skeletal debridement [7]. This system is useful in determining the length of
rehabilitation which will be needed, under ideal conditions, before the patient will be able
to ambulate without upper extremity aids:

* Type I osteomyelitis was defined as an intact tibia and fibula capable of withstanding
functional loads (rehabilitation time, six to twelve weeks)
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» Type II osteomyelitis had an intact tibia with bone graft only needed for structural
support (rehabilitation time, three to six months)

» Type III osteomyelitis demonstrated a tibial defect of 6 cm or less with an intact fibula
(rehabilitation time, six to twelve months)

* Type IV had a tibial defect greater than 6 cm and an intact fibula (rehabilitation time,
12 to 18 months)

» Type V osteomyelitis had tibial defect greater than 6 cm long with no usable intact
fibula (rehabilitation time, 18 months or more)

May's classification system and the estimated time for rehabilitation assists the decision-
making process in patients with posttraumatic tibial osteomyelitis. However, many factors,
including age, metabolic status, the mobility of the patient's foot and ankle, neurovascular
integrity, and the patient's motivation, can greatly affect the time necessary for
rehabilitation.

Gordon classification — The Gordon's system classifies infected tibial nonunions and
segmental defects on the basis of the osseous defects [4]:

* Type A included tibial defects and nonunions without significant segmental loss
* Type B included tibial defects greater than 3 cm with an intact fibula
» Type C included tibial defects of greater than 3 cm in patients without an intact fibula

Gordon's classification correlates with the prognosis for successful free muscle
transportation (ie, the microvascular movement of a muscle flap). Once the wound and
infection have been successfully treated with staged microvascular muscle transplantation,
the nature of the underlying osseous problem will dictate the clinical results.

Cierny-Mader classification — The Cierny-Mader classification is based upon the
anatomy of the bone infection and the physiology of the host (show table 1) [8]. Cierny-
Mader staging allows stratification of long bone osteomyelitis and permits the
development of comprehensive treatment guidelines for each of the 12 stages.

The classification is determined by the condition of the disease process, regardless of its
etiology, regionality or chronicity. The anatomic types of osteomyelitis are medullary,
superficial, localized and diffuse [8]:

+ Stage 1 or medullary osteomyelitis denotes infection confined to the intramedullary
surfaces of the bone. Hematogenous osteomyelitis and infected intramedullary rods are
examples of this anatomic type.

+ Stage 2 or superficial osteomyelitis is a true contiguous focus infection of bone; it
occurs when an exposed infected necrotic surface of bone lies at the base of a soft tissue
wound.

+ Stage 3 or localized osteomyelitis is usually characterized by a full thickness, cortical
sequestration which can be removed surgically without compromising bony stability.

+ Stage 4 or diffuse osteomyelitis is a through-and-through process that usually requires
an intercalary resection of the bone to arrest the disease process. Diffuse osteomyelitis
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includes those infections with a loss of bony stability either before or after debridement
surgery.

The patient is classified as an A, B, or C host (show table 1) [8]:

« An A host represents a patient with normal physiologic, metabolic, and immunologic
capabilities

* A B host is either systemically and/or locally compromised

* The patient is given a C host classification when the morbidity of treatment is worse
than that imposed by the disease itself

The terms acute and chronic osteomyelitis are not used in this staging system, since areas
of macronecrosis must be removed regardless of the duration of an uncontrolled infection.
The stages are dynamic and interact according to the pathophysiology of the disease. They
may be altered by successful therapy, host alteration, or treatment. This classification
system aids in the understanding, diagnosis and treatment of bone infections in children
and adults. It is used mainly to stratify the infection in research protocols but is also being
built into many new research protocols.

Host factors are primarily involved with containment of the infection once it is introduced
adjacent to or into bone [8]. A systemically and/or locally compromised host does not
contain the infection as well as a normal host, and the infection may permeate the bone.
The compromised host is more difficult to manage and treat than a normal host. On
occasion host factors, such as sickle cell anemia, diabetes mellitus, and chronic
granulomatous disease, predispose to the development of osteomyelitis [9]. Host
deficiencies that lead to bacteremia favor the development of stage 1 osteomyelitis.






