Posttraumatic osteomyelitis
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By definition osteomyelitis is a bacterial infection of bone and may lead to bone
destruction (1). It may be acute or chronic and it is defined as hematogenous
when it originates from a bacteremia and as contiguous focus when it originates
from an infection in nearby tissue.

In adults osteomyelitis is most often related to open fractures or to any sur-
gical procedure affecting bone or its adjacent tissues. Traumatic contaminated
wounds may also progress to deep infection and osteomyelitis. Especially dia-
betic patients with poor circulation are prone to that mechanism.

Osteomyelitis associated with fractures can cause delayed union or non-un-
ion and complicate the treatment. According to the classification of Gustilo and
Andersen the risk of a clinical infection in open fractures depends on the sever-
ity of the injury and ranges from 0% to 2% for type-l open fractures, 2% to 10%

for type-Il, and 10% to 50% for type-lIl. (2).

Etiology and pathogenesis

Multiple organisms are usually isolated from infected
bone as a result of an open fracture. Yet Staphylococ-
cus aureus remains the most commonly isolated path-
ogen. Gram-negative bacilli and anaerobic organisms
are also frequently isolated.

Damaged bone and soft tissue expose numerous
proteins, such as collagen and fibronectin, which bac-
teria can adhere to. In acute osteomyelitis inflamma-
tion is followed by local edema, bone infarction and
resorption. Infection can track along Haversian and
Volkmann canals out of the intramedullary canal to
the cortex, causing disruption of cortical blood sup-
ply. Some of the dead cortical bone is detached gradu-
ally from the living bone to form a sequestrum. After
cortical and periosteal disruption, infection may cause
a soft tissue abscess.

Host related factors, like malnutrition, alcoholism,
smoking, and systemic diseases, such as diabetes or pe-
ripheral vascular disease, also contribute to the persist-
ence of osteomyelitis.

Pathologic features of chronic osteomyelitis are the
presence of necrotic bone, the formation of new bone,

and the exudation of polymorphonuclear leukocytes
joined by large numbers of lymphocytes, histiocytes,
and occasionally plasma cells. New bone forms from
the surviving fragments of periosteum and endosteum
in the region of the infection. It forms an encasing
sheath of live bone, known as an involucrum, sur-
rounding the dead bone under the periosteum. The
involucrum is irregular and is often perforated by
openings through which pus may track into the sur-
rounding soft tissues and eventually drain to the skin
surfaces, forming a chronic sinus (1).

Classification

There are several systems for classification of osteo-
myelitis. One commonly used classification was de-
scribed by Cierny et al (3). It is based on anatomic
osseous involvement and on the physiologic status of
the patient.

Cierny-Mader classification, includes four ana-
tomic stages:
Stage-1, medullary osteomyelitis, confined to the

medullary cavity of the bone.
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Stage-2, superficial osteomyelitis, involves only the
cortical bone.

Stage-3, localized osteomyelitis, involves both cortical
and medullary bone.

Stage-4, diffuse osteomyelitis, involves the entire
thickness of the bone, with loss of stability.

With this system, a patient with osteomyelitis is classi-

fied as an A, B, or C host.

A-host, no systemic or local compromising factors.

B-host, affected by one or more compromising fac-
tors

C-host, severely compromised.

Assessment and diagnostics

Patients with posttraumatic osteomyelitis may have
pain, edema, swelling and erythema in the site of pre-
vious surgery or trauma. In chronic cases there are
sometimes draining sinuses in the skin. Probing these
sinus tracts may reveal connection to infective focus in
the bone. Signs of bacteremia such as fever and chills
may be present in the acute phase of osteomyelitis but
are uncommon in the chronic phase.

The leukocyte count may be elevated in cases of
acute osteomyelitis, but it is often normal in chronic
cases. The erythrocyte sedimentation rate is usually el-
evated in both acute and chronic osteomyelitis, and it
decreases after successful treatment. The erythrocyte
sedimentation rate usually rises immediately after op-
erative débridement. An erythrocyte sedimentation
rate that returns to normal during the course of ther-
apy is a favorable prognostic sign. The C-reactive pro-
tein levels rise in acute and chronic osteomyelitis and
decrease faster than the erythrocyte sedimentation rate
in successfully treated patients. The leukocyte count,
erythrocyte sedimentation rate, and C-reactive protein
level should be monitored at the time of admission
and during treatment and follow-up in all patients
with osteomyelitis (1).

The diagnosis and determination of the etiology of
osteomyelitis in the long bones depend on the isola-
tion of the pathogen or pathogens in cultures of speci-
mens from the bone lesion, blood, or joint fluid. If
possible, culture specimens should be obtained before
antibiotics are initiated.

It may take at least two weeks from the begin-
ning of the infectious process until first radiographic
changes appear. The earliest changes are swelling of the
soft tissue, periosteal thickening and focal osteopenia.

Then scalloping of the cortex, and loss of trabecular
architecture of cancellous bone. Sequestrum appears
as a dense bone surrounding a lucent area of bone de-
struction. Periosteal new bone, or involucrum, can be
seen adjacent to radiolucent areas, often widening the
diameter of the bone.

Computed tomography is integral to identifying
sequestra and preoperative resection planning.

Magnetic resonance imaging is useful for differen-
tiating between bone and soft-tissue infection.

In clinical practice plain radiographs should be
made whenever acute or chronic osteomyelitis is sus-
pected because they are simple, economical, and usu-
ally effective. Magnetic resonance imaging should be
requested if the diagnosis is doubtful. If magnetic res-
onance imaging is not feasible because of the presence
of hardware, bone scintigraphy (ideally, leukocyte
scans for acute osteomyelitis and technetium scans for
chronic osteomyelitis) should be performed. Com-
puted tomography scans can be used to help establish
a surgical plan both for acute and for chronic osteo-
myelitis (1). Metallic hardware may disturb the diag-
nostic value both of magnetic resonance imaging and
computed tomography.

Principles of treatment

Chronic posttraumatic osteomyelitis is a surgical dis-
ease. Treatment protocol consists of debridement, sys-
temic and local antibiotic treatment, skeletal stabili-
zation, soft-tissue coverage, and bone-grafting and/or
reconstructive procedures for treatment of ununited
fractures and existing bone defects. These principles
can be incorporated in a staged protocol, often imple-
mented by a multidisciplinary team consisting of an
orthopaedic surgeon, an infectious disease specialist,
and a microvascular surgeon (4).

In order to develop a detailed management plan,
imaging studies should be reviewed to assess the sta-
tus of bone healing, the location and extent of cortical
and medullary bone involvement, and the status and
integrity of existing implants. The quality of the soft-
tissue envelope, and the need for flap coverage, should
be evaluated.

Debridement

Radical debridement of all nonviable tissue, including
skin, soft tissue, and bone, is necessary. Debridement
proceeds until bleeding, viable tissue is seen at the re-
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section margins, to ensure that all foci of infection are
removed. Viable bone is characterized by punctuate
bleeding, known as the “paprika sign”, indicating good
vascularity (5). After surgical debridement the wound
should be irrigated with a copious amount of saline
solution, preferably by a pulsatile lavage system.

In patients with extensive or circumferential in-
volvement of cortical bone, extensive resection of the
involved area may be required. In these situations, pre-
resection stabilization with external fixation should be
obtained.

In patients with infected intramedullary rods, re-
moval of the rod and reaming of the medullary canal
are essential components of treatment. Reaming re-
moves intramedullary debris and infected bone sur-
rounding the removed intramedullary device. The
Reamer-Irrigator-Aspirator (RIA) has distinct fea-
tures that appear to be beneficial for management of
intramedullary infections. It allows reaming under si-
multaneous irrigation and aspiration, which minimiz-
es the residual amount of infected fluid and tissue in
the medullary canal and the propagation of infected
material (6).

Specimens of purulent fluid, soft tissue, and bone
from the affected area should be sent for aerobic and
anaerobic cultures; it is especially important to per-
form cultures for mycobacteria and fungi when the
patient is immunocompromised or has a chronic in-

fection (7).

Hardware policy

The decision to retain or remove implants from the
site of an infected fracture must be individualized and
depends on the time since the fracture fixation, bone-
healing status, stability provided by the hardware, and
fracture location. If the fracture has healed, the inter-
nal fixation device should be removed. When the frac-
ture has not healed, the internal fixation device should
be left in place as long as it is stabilizing the fracture.
Loose hardware that is not providing stability should
be removed. If the fracture has not healed and the
hardware is removed, the fracture should be stabilized
with another device, preferably by external fixator for
diaphyseal non-unions of the tibia (4).

Bone defect

Successful treatment requires adequate management
of dead space created by debridement. Osseous defect

reconstruction has involved a variety of techniques,
including healing by secondary intention, closed irri-
gation and suction systems, temporary antibiotic-im-
pregnated beads, autologous bone graft, free vascular-
ized bone grafts and muscle flaps.

In staged protocol, the cavity in the bone, cre-
ated by debridement, can be filled temporarily with
polymethyl methacrylate (PMMA) antibiotic-impreg-
nated beads. The beads are usually removed within
two to four weeks and replaced with a cancellous bone
graft. The antibiotics that are most commonly used in
beads are vancomycin, tobramycin, and gentamicin.
Local antibiotic therapy is a safe technique resulting in
high local concentration of antibiotics with minimal
systemic levels (8).

The Papineau technique has been used to manage
small defects that are less than 30% of bone volume.
After debridement the wound is left open or filled with
antibiotic beads and observed for a period of 10 to 14
days. This allows granulation tissue to line the defect,
and once sufficient granulation tissue is present, the
defect is filled with bone graft (9).

In larger osseous and soft tissue defects reconstruc-
tion by local or free microvascular muscle or osteo-
muscular flaps may be necessary in order to get stabil-
ity for bone and vascularity for healing. Muscle flap
reconstruction in conjunction with autologous bone
grafting is a reliable method, in one stage or two stage
procedures. Vascular bone is option in large bone de-
fects when it is important to get better primary stabil-
ity after reconstruction. Common donor sites for free
bone grafts are iliac crest, fibula and scapula. They all
can include muscle and skin, depending on the needs
of the clinical situation (10-12).

An alternative to vascularized bone grafts involves
bone transport mechanisms based on Ilizarov technol-
ogy. The procedure involves an external fixation frame
that is oriented to allow both distraction of an oste-
otomy site and compression of a docking site. The Ili-
zarov frame has been used successfully in treatment of
large segmental defects resulting from debridement of
osteomyelitis (13,14).

Bioactive glass is a relatively new product for fill-
ing osteomyelitis related bone defects. Bioactive glass-
es (BAGs) are synthetic biocompatible osteoconduc-
tive bone substitutes, with bone bonding capacity
and documented antibacterial and angiogenesis-pro-
moting properties. According to the primary clinical
experience from osteomyelitis related bone defects,
bioactive glass can be used in a one stage procedure:
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after debridement immediate filling of the cavity and
wound closure. With this protocol there is no need for
second procedure, like it is in the traditional proto-
col: removal of antibiotic beads and autologous bone

grafting (15,16).

Antibiotic treatment

Antibiotic treatment should be based on sensitivity
studies of cultures of bone taken at the time of dé-
bridement or deep bone biopsies. The traditional du-
ration of treatment in most stages of osteomyelitis is
four to six weeks. The rationale for this duration is
based on the results of animal studies and the observa-
tion that revascularization of bone after debridement
takes about four weeks. There is no clear clinical or
scientific evidence supporting longer treatment peri-
ods. Treatment failures occur, whatever the type of the
antibiotic or duration of the treatment, if surgical de-
bridement has been inadequate (17).

Summary

Posttraumatic osteomyelitis is challenging and expen-
sive to treat, despite advances in antibiotics and new
operative techniques.

Plain radiographs still provide the best screening
tool for acute and chronic osteomyelitis. Other im-
aging techniques may be used to determine diagnosis
and aid in treatment decisions.

Operative treatment includes debridement, ob-
literation of dead space, restoration of blood supply,
adequate soft-tissue coverage and stabilization of the
bone.

Antibiotic treatment is an integral part of the
treatment of osteomyelitis. The duration of antibiotic
treatment is long, in most stages of osteomyelitis four
to six weeks.

References

1. Lazzarini L, Mader JT, Cahoun JH: Osteomyelitis in long
bones. J Bone Joint Surg Am. 2004;86-A:2305-2318.

2. Gustilo RB, Mendoza RM, Williams DN: Problems in the man-
agement of type Ill (severe) open fractures: A new classifica-
tion of type lll open fractures. J Trauma. 1984,24:742.

3. Cierny G 3rd, Mader JT, Penninck JJ: A clinical staging sys-
tem for adult osteomyelitis. Contemp Orthop. 1985;10:17-37.
4. Zalavras CG, Marcus RE, Levin LS, Patzakis MJ: Management

of open fractures and subsequent complications. J Bone Joint
Surg Am. 2007;89-A(4):884-895.

5. Parsson B, Strauss E: Surgical management of chronic osteo-
myelitis. Am J Surg. 2004;188:57-66.

6. Zalavras CG, Sirkin M: Treatment of long bone intramedul-
lary infection using the RIA for removal of infected tissue:
indications, method and clinical results. Injury. 2010;41 Suppl
2:543-47.

7. Patzakis MJ, Wilkins J, Kumar J, Holtom P, Greenbaum B,
Ressler R: Comparison of the results of bacterial cultures from
multiple sites in chronic osteomyelitis of long bones. A pro-
spective study. J Bone Joint Surg Am. 1994;76-A:664-666.

8. Zalavras CG, Patzakis MJ, Holtom P: Local antibiotic therapy
in the treatment of open fractures and osteomyelitis. Clin
Orthop Relat Res. 2004;427:86-93.

9. Cabanela ME: Open cancellous bone grafting of infected
bone defects. Orthop Clin North Am. 1984;15:427-440.

10. Anthony JP, Mathes SJ, Alpert BS: The muscle flap in the
treatment of chronic lower extremity osteomyelitis: results
in patients over 5 years after treatment. Plast Reconstr Surg.
1991;88:311-318.

11. Patzakis MJ, Abdollahi K, Sherman R, Holtom PD, Wilkins J:
Treatment of chronic osteomyelitis with muscle flaps. Orthop
Clin North Am. 1993;24:505-509.

12. Weiland AJ, Moore JR, Daniel RK: The efficacy of free tissue
transfer in the treatment of osteomyelitis. J Bone Joint Surg
Am. 1984;66-A:181-193.

13. Green SA: Osteomyelitis: the llizarov perspective. Orthop
Clin North Am. 1991;22:515-521.

14. Green SA: Skeletal defects: a comparison of bone graft-
ing and bone transport for segmental skeletal defects. Clin
Orthop Relat Res. 1994;301:111-117.

15. Lindfors NC, Koski |, Heikkila JT, Mattila K, Aho AJ: A
prospective randomized 14-year follow-up study of bioac-
tive glass and autogenous bone as bone graft substitutes in
benign bone tumors. J Biomed Mater Res B Appl Biomater.
2010;94(1):157-164.

16. Lindfors NC, Hyvénen P, Nyyssonen M, Kirjavainen

M, Kankare J, Gullichsen E, et al: Bioactive glass S53P4 as
bone graft substitute in treatment of osteomyelitis. Bone.
2010;47(2):212-218.

17. Mader JT, Cripps MW, Calhoun JH: Adult posttraumatic os-
teomyelitis of the tibia. Clin Orthop Relat Res. 1999;360:14-21.

Suomen Ortopedia ja Traumatologia Vol. 34

1.2011 SOT 41



