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Abstract

As a result of the heterogeneous nature of chronic osteomyelitis and the complexity of management strategy
formulation, more than ten classification systems have been published over the past 40 years. Historical systems,
used in the classification of chronic osteomyelitis, remain useful in terms of the description of the nature and
origin of the disease. They fail, however, to provide the user with sufficient information in order to select the
appropriate treatment strategy. As a result, more comprehensive classifications have subsequently been
proposed. Accurate host stratification, in particular, is considered to be essential. The physiological status of the
host serves as the primary indicator of the patient’s ability to effect healing of bone and soft tissues, as well as
their ability to launch an effective immune response in conjunction with antibiotic therapy. Despite the development of more comprehensive classification systems, many shortcomings remain within the domain of disease
classification and host stratification.
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Introduction

Chronic osteomyelitis, as a clinical entity, encompasses a
wide array of clinical scenarios, including chronic
haematogenous osteomyelitis, post-traumatic osteomyelitis,
periprosthetic infections and contiguous osteomyelitis.
Owing to the heterogeneous nature of disease, the wide
variety of patients affected and the multitude of factors that
need to be considered during the formulation of a treatment
strategy, more than ten classification systems of chronic
osteomyelitis have been published over the past 40 years.
None of these classifications is universally accepted. Some of
the systems simply classify the nature of the disease while
others attempt to guide the treating surgeon on certain
aspects of the management of chronic osteomyelitis or
enable comparison of the outcome of different treatment
strategies.1

Formulating the appropriate management strategy, albeit
palliative or curative, is a complex task. The decisionmaking process requires consideration of multiple factors
including the impairment resulting from the disease, the
patient’s functional requirements, local and systemic risk
factors, the anatomic nature of the disease and the realistic
goals of therapy. When considering the risk–benefit ratio of
any proposed management strategy, the host’s physiological status remains the main determinant of the risk
involved with a specific intervention. This is illustrated by
previous studies which have identified the physiological
status of the host as the most important predictor of
treatment failure.2 The significant impact of inadequate or
incorrect host stratification and risk assessment is
epitomised by the fact that failure of a curative (limb
reconstruction) strategy often results in the inevitable
amputation of the involved limb.
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This article aims to review the available classification
systems for chronic osteomyelitis and highlight some of
their shortcomings. Furthermore we will evaluate how the
existing classification systems relate to new and evolving
principles and techniques utilised in the management of
chronic osteomyelitis.

Historical perspectives

Traditionally, osteomyelitis has been classified according to
the system described by Waldvogel in 1970.3 This was a
descriptive classification system incorporating the source of
the infection (haematogenous or contiguous), the presence
of generalised vascular disease and the duration of the
infection (acute, sub-acute and chronic). Haematogenous
chronic osteomyelitis of long bones typically presents as
recurrence at a previous site of acute haematogenous
osteomyelitis, while haematogenous periprosthetic infections involve seeding from a distant infective focus.
Contiguous osteomyelitis may be the result of either direct
inoculation (as is the case in post-traumatic and postoperative infections) or, alternatively, continuous spread
from an adjacent septic focus (pressure sore or vascular
ulcer, for example). As the frequency of surgical intervention
increased, so did our need to classify contiguous
osteomyelitis. Kelly subsequently published an aetiological
classification which distinguished haematogenous from
post-surgical and post-traumatic causes (with or without the
presence of non-union).4
Ger’s classification, published in 1977, recognised that the
condition of the soft tissues plays an important role in the
surgical decision-making process. According to this system
the condition of the soft tissue is classified as a simple sinus,
chronic superficial ulcer, multiple sinuses or multiple skinlined sinuses.5 In 1984 Weiland et al. introduced an
anatomical classification system based on the nature of
skeletal involvement in order to guide the utilisation of free
tissue transfers during the reconstruction process. Type I
lesions were defined as soft tissue infection with exposed
bone. Type II lesions were characterised as circumferential
endosteal and cortical infection, while type III lesions
involved endosteal and cortical infection in the presence of a
segmental bone defect.

Although the abovementioned classification systems are
useful in terms of describing the nature and origin of the
disease, they fail to provide the treating physician with
guidance regarding the management of the patient. May
and Jupiter addressed these shortcomings in 1989 through
the publication of their classification system, which focused
on the status of the tibia and ipsilateral fibula as a guide
during the selection of the appropriate reconstruction
procedure (Table I).6
Gordon et al. simplified the approach to post-infective
reconstruction by condensing the classification of tibial
defects into three groups, namely, no significant bone loss,
<3 cm of bone loss and >3 cm bone loss.7 This classification
system was, however, specifically designed to prognosticate
patients following free muscle transfers. Romanò et al.
subsequently proposed a more extensive classification
system for bone defects, which included defects frequently
seen following periprosthetic infections. According to this
system, type 1 lesions were defined as cavitatory defects
within a stable bone segment, type 2 lesions represented
epiphyseal lesions with joint involvement and type 3 lesions
involved a segmental bone defect. Type 3 bone defects were
sub-classified as either less than 1cm, between 1 and 3 cm, or
more than 3 cm.8
Prior to 2006 there was no published classification for
infections following osteosynthesis. Romanò et al.
responded to this omission with the publication of the ICS
(Infection, Callus, Stability) classification. According to this
system, type I infection occurs in the presence of stable
internal fixation and progression of union on serial X-rays.
In terms of the management of type I infections, they
suggested conservative measures until union was achieved.
Type II infections were defined as infections in the presence
of stable osteosynthesis without the progression of callus.
The authors suggested managing this type of infection with
control of the infection (as for type I), acceleration of bone
healing through physical stimulation (low-intensity pulsed
ultrasound, for example), biological factors (bone morphogenetic protein, platelet-rich plasma, etc.) and limited
surgical procedures (e.g. dynamisation of intra-medullary
nail fixation). For type III infections, involving unstable
fixation and the absence of callus formation, revision
surgery was recommended.

Table I: Classification and reconstruction options as suggested by May and Jupiter6

Type
I

Characteristics
Intact tibia capable of withstanding
functional loads

Reconstructive options
None required

II

Intact tibia requiring bone graft for
structural support

Anterior bone graft and flap
Posterolateral bone graft
Papineau open bone graft

III

Tibial defect <6 cm, intact fibula

Posterolateral bone graft and tibio-fibular synostosis
Distraction osteogenesis

IV

Tibial defect >6 cm, intact fibula

Posterolateral bone graft and tibio-fibular synostosis
Distraction osteogenesis
Fibula-pro-tibia (ipsilateral fibula transfer)
Free vascularised bone graft
Allograft replacement

V

Tibial defect >6 cm

As for type IV
Consider amputation
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The abovementioned classification systems are all useful,
especially in terms of the description of the nature and
origin of the disease. With exception of the ICS classification system they fail, however, to provide the user with
sufficient information to formulate a treatment strategy.
The need had thus arisen to develop a more comprehensive classification system which incorporated several
criteria and was able to guide the treating orthopaedic
surgeon towards the correct management strategy.

Comprehensive classification systems

Cierny and Mader revolutionised our approach to
osteomyelitis in 1984 through the publication of a classification system which emphasised a more holistic approach
to the patient, recognising the importance of immune
competency and the physiological ability of the host to
effect healing.9 This system involved classification
according to the host’s physiological status and the
anatomic nature of the disease (Table II).
Table II: Cierny and Mader classification system9
Type
I

Anatomic type

Characteristics

Medullary osteomyelitis

II

Superficial osteomyelitis

III

Localised osteomyelitis

IV

Diffuse osteomyelitis

Class
A

Physiological class

Characteristics

Good immune system and delivery

B

Compromised locally (BL) or systemically (BS)

C

Requires suppressive or no treatment;
Minimal disability;
Treatment worse than disease;
Not a surgical candidate
Factors affecting physiological class

Systemic factors (S)
Malnutrition
Renal, liver failure
Alcohol abuse
Immune deficiency
Chronic hypoxia
Malignancy
Diabetes mellitus
Extremes of age
Steroid therapy
Tobacco abuse

Local factors (L)

Chronic lymphedema
Venous stasis
Major vessel compromise
Arteritis
Extensive scarring
Radiation fibrosis

Cierny and Mader in 1984 published a classification system which
emphasised a more holistic approach to the patient

The importance of the consideration of the physiological
host status of patients with osteomyelitis was validated
through Cierny and Mader’s study involving 189 patients.
The host classification facilitated the decision-making
process in terms of offering the patient the alternatives of
amputation or limb salvage surgery. Forty-six patients
required amputation in order to achieve cure, while arrest of
disease was achieved in 93.6% of patients in the limb salvage
group.10
In our opinion the anatomical sub-section of the Cierny
and Mader classification remains applicable today, although
the definition of the subtypes has been refined over the
years. Type I lesions imply infection limited to the medulla,
while type II lesions refer to infection limited to the cortex.
Type III and IV infections involve both medullary and
cortical bone, with type IV being differentiated by the
presence of instability prior to or following the debridement.
Although initially included as an anatomic type IV infection,
peri-prosthetic infection has subsequently also been
allocated its own classification system.11
The Cierny and Mader classification however failed to
provide specific, objective criteria according to which the
C-host, whom they deemed unsuitable for surgery, should
be defined. McPherson et al. attempted to address the shortcomings of the Cierny and Mader host classification system
by modifying it to include specific objective criteria
(Table III).12
The McPherson system divides patients into three classes,
A, B or C, based on the number of comorbid conditions that
a patient has in common with a list of 14 immune-compromising factors. Patients with no compromising factors are in
class A, while patients in class B have fewer than three
compromising factors. Patients in class C have three or more
compromising factors and/or one of the following conditions: an absolute neutrophil count less than 1 000; a CD4
count less than 100; intravenous drug abuse; chronic active
infection of another site; or dysplasia or a neoplasm of the
immune system. This classification system was, however,
developed specifically for use in terms of planning for
second stage revision arthroplasty in patients with infection
following total hip replacement. The criteria suggested by
them are conservative in terms of their numerical values and
may not be appropriate when applied to chronic
osteomyelitis in the South African clinical setting. Several
criteria have been omitted, with specific reference to
physical impairment, the state of the soft tissue, arterial and
venous sufficiency, age, diabetic control (HbA1c), albumin
and haemoglobin values, which may play a critical role in
the decision-making process in the case of chronic
osteomyelitis. The McPherson modification of the Cierny
and Mader host classification system has, nevertheless, also
been used in other clinical settings. Bowen and Widmaier
looked at the incidence of infection following open fractures
in three cohorts of patients, who were classified according to
the McPherson modification.13 They found that type B hosts
were 2.86 times, and type C hosts 5.72 times more likely than
type A hosts to develop infection following open fractures.
Lautenbach developed a staging system that integrates
clinical, laboratory and radiological features in an incremental manner.14 This classification is based on the
severity of the disease and describes certain characteristic
laboratory abnormalities which may be utilised to confirm
the presence underlying infection in equivocal cases.
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In our opinion the anatomical sub-section of the
Cierny and Mader classification remains applicable today
Table III: Systemic and local compromising factors according to the
McPherson classification of infected total hip arthroplasty12

Systemic factors

Local factors

Age >80 years
Immunosuppressive medication
Alcoholism
Malignancy
Pulmonary insufficiency
Chronic indwelling catheter
Renal failure requiring dialysis
Chronic malnutrition
Systemic inflammatory disease
Current nicotine use
Systemic immune compromise
Diabetes
Hepatic insufficiency

Active infection >3–4 months
Multiple previous incisions with
skin bridge
Soft tissue loss from prior trauma
Subcutaneous abscess >8 cm3
Synovial cutaneous fistula
Prior peri-articular fracture
Prior local irradiation
Vascular insufficiency

Table IV: The Lautenbach classification system14
Grade

Clinical grades
Acute
Grade 1
Grade 2
Grade 3(a)
Grade 3(b)
Chronic
Grade 4
Grade 5
Grade 6
Grade 7
Grade 8
Laboratory
findings
Chronic
Grade 4
Grade 5
Grade 6
Grade 7
Grade 8
Radiological
features

Characteristic

Acute fulminating
Sub-acute
Acute with insidious onset
Acute exacerbation of chronic
Chronic overwhelming
Chronic diffuse with inflammation
Chronic low grade extensive without inflammation
Chronic localised lesion
Non-infective pathology

Increased WBC, neutrophilia, left shift and toxic
granulation, decreased transferrin, procalcitonin >2,
increased platelets, abnormal RBC corpuscles
Decreased Hb MCV and MCH, rouleaux formation
Increased ferritin, decreased iron, decreased iron
saturation, increased ESR
Ferritin:iron ratio >7
Normal
Definite infection
Probable infection
Equivocal
Probable cure or absence of infection
Definite cure or absence of infection
New bone lysis or sequestrum
New periosteal reaction
No change
Sclerosis only
Normal bone architecture
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The classification system consists of eight escalating grades
of severity (three grades of acute and five grades of chronic
osteomyelitis), which are each defined by characteristic
clinical and laboratory features (Table IV). As the grades of
chronic osteomyelitis increase in intensity we see
progressive abnormalities of the laboratory findings,
especially in terms of iron studies, which may then be
utilised in the diagnosis and stratification of disease severity.
Recently Romanò et al. again highlighted the shortcomings
of the Cierny and Mader host stratification system as a
subjective evaluation of the host’s physiological ability to
deal with infection.15 Their Seven-Item Comprehensive
Classification System (SICCS) of bone and joint infections for
adults is based on the clinical presentation, aetiopathogenesis, anatomo-pathological characteristics (incorporating
the Cierny and Mader anatomical sub-section for long
bones), the McPherson modification of host classification
(further subdivided according to age as less than 2 years, less
than 14 years and more than 14 years of age), causative
microorganism, the bone defect (in accordance with
Romanò’s earlier classification system), as well the state of
the soft tissues (Table V).
The SICCS is descriptive in nature, incorporating existing
classification systems. In contrast with the Cierny and
Mader classification system it was not designed to guide
management, but is rather intended for didactic and scientific purposes in order to compare results from different
clinical trials.

Importance of accurate host stratification

The clinical manifestations of osteomyelitis are the result of
the complex interplay between the host’s immune defence
system and the causative organisms’ attempts to establish a
biofilm-based colony on a sequestrum, surgical implant or
foreign body. The host’s physiological status in particular,
has been identified as a crucial factor, determining the
course and clinical manifestations of the disease. The host
status also serves as the primary indicator of the patient’s
ability to effect healing of bone and soft tissues, as well as
their ability to launch an effective immune response in
conjunction with antibiotic therapy. Without a competent
immune response from the host, any attempt at surgical
eradication of the infection may be futile.
The physiological host status does not only determine the
suitability of a treatment strategy for the patient, be it
curative or palliative, it also guides the surgeon in terms of
the appropriate surgical margin during debridement.
Traditional teaching regarding the surgical management of
chronic osteomyelitis advocates the excision of all necrotic
and ischaemic bone and soft tissue, to a clean, well-perfused
surgical margin.16 The importance of the extent of
debridement has been investigated in both normal and
compromised hosts. Compromised patients (B-hosts)
treated with marginal resection (clearance margin of <5 mm)
had a higher rate of recurrence than normal patients
(A-hosts), whereas a marginal resection may be acceptable
in normal hosts.17 Thus, compromised hosts are theoretically
best treated with a wide resection and subsequent limb
reconstruction. These reconstruction procedures, involving
bone transport or extensive bone grafts, are however fraught
with danger, and failure invariably results in the
amputation of the limb.
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Table V: The Seven-Item Comprehensive Classification System
proposed by Romanò, et al.15

Item

Characteristic

Clinical presentation

Acute/sub-acute/chronic
Early/delayed/late

Aetiopathogenesis

Haematogenous
Vasculopathy/neuropathy
Temporary implant
ICS classification
Type I
Type II
Type III
Permanent implant

Anatomo-pathology

Rachis
Hand
Long bones
Type 1
Type 2
Type 3
Type 4
Foot
Joint

Host type/age

A/B/C
<2 yr/<14 yr/>14 yr

Microorganism

Gram +
Gram −
Mixed or multi-resistant
Mycobacterium
Negative

Bone defect

Type I
Type II
Type III A/B/C

Soft tissue defect

No soft tissue defect
Soft tissue defect (cm3)
With or without exposed bone

The decision-making process is further complicated by
that fact that many patients should not receive surgery
because the risk of surgery may outweigh the benefit
thereof. For example, patients may have little pain and
minimal disability, with only intermittent drainage from a
sinus. Embarking on major limb reconstruction surgery may
be inappropriate in such a case, due to the risk of ablation.
Thus, further consideration should also be given to the
patient’s current functional status and the realistically
achievable goals of treatment.
Many patients should not receive surgery because
the risk of surgery may outweigh the benefit thereof

In South Africa the high prevalence of immune
compromise, malnutrition and other risk factors present
unique challenges during host stratification. Classifications
previously devised in developed countries have been found
to be either inadequate or inappropriate in a resource-poor
clinical setting.

In stark contrast with the South African public sector,
where approximately one-third of patients are classified as
C-hosts, developed countries deal with a much lower
percentage. In a review of 2 207 patients seen over approximately 30 years, Cierny reported an incidence of only 4%
type C-hosts in his American practice.18 Clinical experience
in South Africa has therefore revealed the need for accurate
and objective host stratification to enable the selection of a
safe, appropriate and patient-specific treatment plan.
Ultimately the patient’s physiological status should be
considered as a critical factor during the formulation of the
appropriate treatment strategy for an individual.

Shortcomings of existing
classification systems

The first major shortcoming of existing classification systems
relates to host stratification. The stratification strategies
currently available have failed to determine specific
objective criteria whereby which patients who are
unsuitable for a curative management strategy (a type
C-host) can be identified. According to Cierny type Chosts should not be offered definitive care, but rather
palliated or simply treated expectantly.18 The type C-host,
as defined by Cierny and Mader, is a patient in whom the
risk or morbidity of treatment outweigh the benefits
thereof or, in other words, the treatment or results of
treatment of chronic osteomyelitis are more compromising
to the patient than the disability caused by the disease
itself. This definition encompasses a large group of
patients, including patients with minimal disability as a
result of the disease as well as patients who are not
suitable candidates for complex bone and/or soft tissue
reconstruction. The limitation of this definition is the fact
that it is subjective (with a poor inter-observer reliability),
case dependent and susceptible to widely varying interpretation depending on the surgeon’s experience.
The second limitation of existing chronic osteomyelitis
classification systems lies in the patho-anatomical
characterisation of lesions. There is currently no universally accepted classification system for either bone or
soft tissue defects. The problem is further confounded
by the fact that the magnitude of a bone defect that
should be considered as critical and thus not
manageable with cancellous bone graft, remains controversial.19 Older classifications systems have failed to
keep up with contemporary reconstruction techniques.
The classifications proposed by May and Jupiter, for
example, fail to mention the induced-membrane
technique popularised by Masquelet.20 Furthermore, the
classification of bone defects varies widely in terms of
cut-off points and each system reflects the unique preferences and abilities of the authors. While some surgeons,
for example, feel comfortable transporting bone for a
defect in excess of 6 cm, others would prefer the use of a
vascularised fibula graft.
A problematic decision commonly faced when utilising
the Cierny and Mader classification’s anatomical subsection, is whether a specific lesion should be graded as a
type III or type IV lesion. This decision is complicated by
the fact that the distinction between the two grades is
defined as instability following debridement.
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The classification of a lesion as either type III or IV is,
therefore, completely subjective and arbitrary,
depending on the surgeon’s choice of resection margin.
If an infected section of bone is critical for axial stability,
the surgeon has two choices: either resection of the bone
with subsequent destabilisation of the limb (which will
require complex reconstruction procedures), or leaving
the infected bone behind and attempting to suppress the
infection. The former type of wide resection with ‘clear’
margins (resecting any avascular material) remains the
ideal, but it is frequently unachievable as it may involve
resecting bone or soft tissue that is vital to the survival
and function of the limb. On the other hand marginal
resections may leave behind soft tissue or bone which
contains bacteria and may serve as a nidus for recurrence of infection. The major limitation of the Cierny and
Mader system is that it unfortunately does not provide
any guidelines regarding the selection of the appropriate
surgical margin.
The most prominent inadequacy of existing classification systems rests in the fact that they fail to guide the
user in selecting the appropriate treatment strategy from
the myriad of contemporary treatment options available.
Although the Seven-Item Comprehensive Classification
System, proposed by Romanò et al., is useful when
describing the nature of the infection, it is complex and
does not offer any guidelines for the selection of the
applicable treatment strategy. In fact, the authors
conclude that the classification system should find
application in the comparison of outcomes, rather than
being used as a guide to management. This problem is
not unique to the SICCS and is a feature common to the
other classification systems. The treatment guidelines
offered by Cierny and Mader have failed to keep up with
modern trends in the surgical management of chronic
osteomyelitis.10 Although the basic premise remains
sound, some of the modalities suggested in the original
publication has fallen out of favour. The use of open-sky
(Papineau) bone grafting, for example, has been all but
abandoned. This point is further illustrated by the fact
that Cierny abandoned the original guidelines in a more
recent publication, opting for a more generic approach
to management.21
The most prominent inadequacy of existing classification
systems rests in the fact that they fail to guide the user in
selecting the appropriate treatment strategy from the myriad
of contemporary treatment options available
The final limitation of existing classification systems
lies in the structure of the decision-making process.
While there are three host types described there are only
two major treatment options, namely cure or palliation.22
In order to appear logical and aid in the therapeutic
decision-making process each host group should ideally
be matched with its own unique management strategy.
This will require revision of existing systems and the
establishment of a new unified classification which
incorporates all the relevant selection criteria, as well as
all contemporary interventional strategies and
techniques.

Conclusion

As stated by Cierny, the selection of patient-matched
treatment options (for example low risk treatment in
high risk patients) closes the gap in successful outcomes
between health-compromised patients (B- or C-hosts)
and patients without compromise (A-hosts).23 Ultimately
the patient’s physiological status is considered to be the
single most important factor that needs to be considered
when stratifying patients and during the formulation of
the appropriate treatment strategy for any individual.
Despite the development of comprehensive classification systems, many shortcomings remain within the
domain of disease classification and host stratification.
The failure of existing classification systems to keep pace
with contemporary management philosophies and
modern reconstructive techniques has resulted in the
need for the development of a new classification system
which allows integration of host factors with the
oncological-oriented approach which is currently being
popularised in the surgical management of chronic
osteomyelitis.
The content of this article is the sole work of the author. The
primary author, LC Marais, has received a research grant
from the South African Orthopaedic Association for research
relating to chronic osteomyelitis.
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