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The treatment of septic non-unions is a complex problem with high morbidity and prolonged and costly treat-
ment with significant psycho-social implications. Good communication with the patient and individualised

treatment objectives are therefore essential. With appropriate treatment and complete elimination of infection a
good to excellent outcome can be expected.

This article outlines the current thoughts and recommendations for the management of septic non-union.

Definitions
A delayed union has occurred when healing of a fracture
takes longer than expected for any specific fracture. A
non-union is said to have occurred once there is clinical
and/or radiological evidence of cessation of fracture heal-
ing, usually after 6-8 months.1

A septic non-union is defined as a non-union complicat-
ed by local infection at the fracture site and in the sur-
rounding tissues.

Classifications
Jain and Sinha have proposed a classification system for
septic non-unions.2 Septic non-unions are divided into
two groups based on the absence or presence of a drain-
ing sinus. A fracture is considered to be non-draining if
there has been no drainage from the site of infection for at
least three months. The two groups are further subdivided
according to the size of the fracture gap after debride-
ment.

• Group A Non-draining infection (for > 3 months)
1. Fracture gap < 4 cm (after debridement)
2. Fracture gap > 4 cm (after debridement)

• Group B Draining sinus
1. Fracture gap < 4 cm
2. Fracture gap > 4 cm

The general classification of non-unions is also useful,
and in it non-unions are divided into being either hyper-
vascular (hypertrophic) or avascular (atrophic).
Hypervascular non-unions can be subdivided according to
the shape of the fracture ends into elephant foot, horse
hoof and oligotrophic. Avascular non-unions are subdi-
vided into torsion wedge, comminuted, with a defect or
atrophic types.1

Hypervascular type non-unions will heal with adequate
reduction and immobilisation, whereas avascular type
non-unions will need intervention to re-simulate and
enhance the bone-healing process.3

Another useful classification for non-unions has been
described by Paley. Type A has bone loss of less than
1 cm, and can be either mobile with deformity, stiff with
deformity or stiff without deformity. Type B has bone loss
of more than 1 cm with either a bony defect, loss of length
or both.4

May has proposed a prognostic classification predictive
of the rehabilitation period for lower leg non-unions.
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Where the tibia and fibula are intact, rehabilitation will
take 6-12 weeks. If the tibia is intact but needs bone graft
for support, rehabilitation will take 3-6 months. If the tib-
ial defect is less than 6 cm with an intact fibula, rehabili-
tation will take 6-12 months. If the tibia defect is more
than 6 cm with the fibula intact, rehabilitation will take
12-18 months. Lastly, if the tibia defect is more than 6 cm
and the fibula is not intact, rehabilitation can be expected
to take more than 18 months.2

When dealing with chronic infection, the classification
of osteomyelitis by Cierny and Mader has proven to be
useful. The infection is classified according to its anatom-
ical description as well as patient (host) factors.
Anatomically,

type I is medullary, with endosteal disease. Type II is
superficial where the cortical surface is infected and a
coverage defect exists. Type III is a localised cortical
sequestrum without instability after debridement, and
type IV is a diffuse type with mechanical instability asso-
ciated with type I, II or III (Figure 1).

The host can be classified according to physiological
class as A (normal immunocompetency with good local
vascularity), B (local or systemic factors that compromise
immunity or healing) or C (prohibitive morbidity antici-
pated and/or poor prognosis for cure).5

Location of non-unions
The incidence of non-union is determined by the extent of
soft tissue injury as well as the fracture pattern and con-
sequent treatment. Accordingly, certain fracture locations
are more prone to development of non-unions and justify
a high index of suspicion. In order of prevalence, firstly
the tibia, then the femur, humerus, radius, ulna, radius-
ulna and lastly the clavicle are affected.

Diagnosis of septic non-union
Clinically, the diagnosis of a septic non-union is made by
the observation of local signs and symptoms such as red-
ness, swelling, a sinus or draining wound and pain and
tenderness, as well as systemic symptoms such as fever,
malaise and nausea6 (Figure 2).

Raised inflammatory markers such as the erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and a
raised white cell count usually confirm the presence of
infection, but have poor specificity.

Confirmation of the diagnosis is obtained by culture and
sensitivity on a biopsy from the non-union site.
Specimens for biopsy must be comprehensive and taken
from tissue that is representative of the diseased area. A
minimum of five biopsies need to be taken and samples
can consist of pus, tissue and bone. The diagnosis of
infection is confirmed if two or more specimens yield a
positive culture. It is imperative that a sample is also sent
for histological examination, which will show changes in
keeping with chronic osteitis.6

The X-ray picture of septic non-unions can be varied,
and includes osteopaenia, scalloping and cortical thin-
ning; loss of trabecular and cancellous architecture; radio-
dense appearance of sequestrum and periosteal changes
and soft tissue swelling. X-ray imaging often underesti-
mates the extent of bony involvement (Figure 3).

CT is of value to evaluate the extent of bony infection
and intramedullary osteitis, but is not routinely used.

MRI is of value to differentiate soft tissue infection from
infected bone and to assess the extent of involvement.

Skeletal scintigraphy with Technetium has 100% sensi-
tivity for infection but low specificity. 111-Indium-IgG
has 93% specificity and therefore a high negative predic-
tive value. 111-Indium-oxime is useful to detect both
infection and bone necrosis.7

Figure 1: 
Anatomical classification of osteomyelitis according to
Cierny and Mader 

Figure 2: 
Clinical picture of a septic non-union 
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Considerations in the treatment 
of septic non-unions
Certain systemic factors influence the occurrence and healing of septic
non-unions. Among these are the patient’s metabolic condition, nutri-
tional status and general health. Some medications, such as steroids,
anticoagulants and non-steroidal anti-inflammatory drugs (NSAIDs), as
well as radiation and chemotherapy are also known to compromise heal-
ing of fractures. Both alcohol usage and smoking have been shown to
delay healing of non-unions. Systemic diseases that affect the healing of
infection and fractures, such as HIV and diabetes, must be treated opti-
mally.1

There are many local factors that need to be taken into account when
planning the surgical approach and technique, as well as the form of fix-
ation to be used in treating the non-union and soft tissue reconstruction.

The bone can be hypervascular or avascular. Irradiation of the bone
will influence healing negatively.

The soft tissue needs to be evaluated for previous scars and scar tissue,
as well as loss of coverage. Arterial injury or impaired circulation can
delay union. Lymph drainage of the extremity and possible venous sta-
sis must be evaluated.

The fracture must be evaluated with regards to comminution and bone
loss, as well as the fracture gap and previous fixation and instrumenta-
tion.

When evaluating the infection, the virulence, sensitivity and resistance
of the organism must be determined. The extent of involvement and
spread of the infection must also be determined.

The socio-economic status, as well as the expectations and needs of the
patient must be taken into account when formulating an individualised
treatment protocol. It must be remembered that early amputation with an
orthosis might be a suitable option for the patient to regain independ-
ence.

The specific problems that need to be addressed during treatment
should be identified and a treatment strategy worked out that will not
compromise future function of the limb. The aim is healing of the frac-
ture with eradication of infection with the fullest functionality possible.
This relies on maintaining range of movement of joints and correction of
deformities.8

Surgical methods of treating 
infected non-unions
There are two slightly opposing strategies for treating non-unions. Either one
or a combination of the two methods can be used in any given non-union, and
the surgeon must be ready to change the approach if needed.

The first school of thought is the conventional or classic treatment method.
The goal is firstly to achieve control of the infection and restoration of skin
coverage, followed by bone graft and fracture fixation as a later procedure.
The drawbacks are the long duration of treatment (often more than a year), the
multiple operations that are needed to normalise the overlaying skin and stiff-
ness of the adjacent joints.

The steps in the treatment are an extensive debridement of the infected bone
and soft tissue, local and systemic antibiotic treatment and temporary stabili-
sation of the fracture with an external fixator or plate and screws. This is fol-
lowed by a split-thickness skin graft after four days over the newly formed
granulation tissue. Soft tissue cover or reconstruction with a full-thickness
vascularised graft is performed 4-6 weeks after the split skin graft has healed.

Figure 3: 
X-ray picture of a humeral non-
union 

Figure 4: 
Technique for subperiosteal decorti-
cation and osteoperiosteal bone
graft
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Bone grafting is only done after the soft tissue has healed
completely and the infection has been dormant for at least 6
months, if the non-union still persists.

The second method which was born out of the difficulty in
gaining control of the infection due to instability at the frac-
ture site, is the more active or modern treatment. Here the
restoration of bony continuity takes precedence over infec-
tion control, and the focus is on attaining bone and soft tis-
sue stability, and preserving function and motion in the adja-
cent joints.

The treatment consists of exposure of the non-union
through the old scar and sinuses followed by a thorough
debridement of all infected tissue and bone. Subperiosteal
decortication of the fracture ends with a resultant osteope-
riosteal graft is performed (Figure 4), after which external
fixation is applied to align, compress and stabilise the frac-
ture. If the existing plate or intramedullary nail fixation is
adequate it can be left in place, provided there is no active
drainage from the wound pre-operatively. Autogenous can-
cellous bone graft can be added, after which soft tissue clo-
sure is obtained and biological dressings applied to any
remaining open areas. Suction drainage is inserted and sys-
temic antibiotic treatment is commenced. After healing of
the non-union a final sequestrectomy is performed with
split-thickness skin grafts to any remaining skin defects.

Alternatively, if fixation is deemed inadequate the
medullary canal can be reamed to accommodate a larger
nail or an antibiotic coated nail as described by Thonse and
Conway9 especially in those patients not suited to applica-
tion of an external fixator.

Whichever method is used, the mainstay of surgical treat-
ment remains an adequate debridement with stable fixation,
soft tissue coverage and filling of defects and dead space
management. This needs to be combined with correction of
deformity and restoration of limb length.

Surgical treatment techniques
Treating a non-union with the conventional and/or active
methods will entail using a combination of the following
surgical techniques:

Sequestrectomy and curettage/
debridement
A tourniquet is applied with passive exsanguination of the
limb. Gentle soft tissue handling and incisions following
previous scars are used to excise sinus tracts, all infected
soft tissues and all unhealthy granulation tissue.
Debridement of sequestrum, purulent material and necrotic
tissue is done and a cortical window can be made to expose
the medullary cavity if necessary. Dead bone must be
removed until punctate bleeding is encountered. This is
best achieved by using a high speed burr. Any potential
dead space needs to be filled with the surrounding soft tis-
sue or a muscle flap. Suction drains are inserted after
which skin cover and closure is obtained without tension.
Radical debridement entails surgical margins through
healthy tissue.10

The mainstay of surgical treatment remains an
adequate debridement with stable fixation

Figure 5:
Septic non-union treated
with the Ilizarov technique

Figure 6:
X-ray picture of the non-
union in Figure 5

Figure 7:
X-ray picture showing antibiotic PMMA beads in the
treatment of a femoral septic non-union
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Fracture reduction and fixation
All infected instrumentation needs to be removed unless
it is an IM nail without any active drainage, especially in
the femur. An external fixation device is applied accord-
ing to the fracture configuration and local anatomy.
Insertion of an IM nail is permissible if it is a non-drain-
ing infection. Plate and screw fixation can only be used as
a temporary measure.11

Ilizarov method (spatial frame)
This technique is indicated for metaphyseal non-unions
complicated by leg length discrepancies, deformities
and/or malrotation. It is contraindicated in patients with
poor compliance or at the extremes of age. The technique
is chosen according to the type of non-union: hyper-
trophic non-unions are treated with compression, atroph-
ic non-unions are treated by osteotomy or corticotomy
with shortening; and segmental bone loss is treated with
bone transport or acute shortening followed by distraction
histogenesis. Very good bone results are usually achieved
with good functional results (Figures 5 and 6). It remains,
however, a high risk procedure for both major and minor
complications.12,13

Polymethylmethacrylate (PMMA) 
antibiotic beads
Beads are made by adding antibiotic preparations to 40 g
of PMMA cement. By placing these beads into the infect-
ed tissues (Figure 7), local concentrations of antibiotics
are achieved of up to 200 times higher than with systemic
administration, making the antibiotics lethal to otherwise
resistant organisms. At the same time, the systemic and
route-of-administration complications are prevented. The
beads can be of short- or long-term use, but are removed
on average 10 days after insertion. Soft tissue defects can
be covered with a double layer Opsite™ dressing with
frequent changes, enabling effective dead space manage-
ment. Current thought is that these beads should only be
used to control potential infection in the short term as
they, with the passage of time, will be populated with
organisms in the biofilm that develops around them and
may act to perpetuate the infection.

When choosing the type of antibiotic to be used, there
are a few points to take into consideration. Antibiotics
which are heat-resistant are gentamycin and tobramycin.
A high level of release from the cement is possible with
penicillin, the cephalosporins and clindamycin.
Vancomycin is less effective after combining it with bone
cement but is active against resistant organisms.

The dosages of the commonly used drugs are: van-
comycin 4 g, tobramycin 3.6 g and cephalosporins 4 g.2

Bone graft and bone graft substitutes
Bone graft is used for augmentation of bone healing and
to fill voids that may otherwise act as sumps that will
promote infection.

Autogenous bone grafts can be cortical grafts, which supply
immediate structural support but show slower incorpora-
tion; or cancellous grafts, which offer no structural support
but induce osteogenesis and incorporate, mature and remod-
el faster.

Allografts, demineralised bone matrix, collagen, hydrox-
yapatite or tricalciumphosphate need to be used with dis-
cretion in the vicinity of sepsis due to the risks involved
when introducing foreign bodies to an infected wound.14

A number of bone-grafting techniques are available.2

A block of cancellous bone can be used for fracture gaps
larger than 2.5 cm. Full thickness iliac crest is routinely used
and then fixed with a plate and screws or threaded over a
nail.

A vascularised graft consists of a segment of bone har-
vested along with its nutrient vessel which is transplanted to
the non-union site and then re-anastomosed. A 70-90%
union rate can be expected. Fibula, iliac crest or rib grafts
are commonly used, and best results are achieved when the
procedure is performed after the infection is quiescent.

Postero-lateral grafting of the tibia has been described for
midshaft tibia defects with an intact fibula. The graft is
applied through the deep posterior compartment to the tibia
and fibula shafts in order to create a synostosis between the
bones.

A fibula pro-tibia transfer is performed by raising the ipsi-
lateral fibula and transferring it to the tibia on a vascular
pedicle.

Open bone grafting by means of the Papineau technique is
indicated for small defects of 3-4 cm with stable fixation.
Extensive debridement is performed with segmental resec-
tion of the diaphysis if necessary. Daily dressings are start-
ed five days after the debridement and continued until
healthy granulation tissue covers the whole area. An auto-
genous cancellous bone graft with 5×5 mm slivers is then
performed. Antibiotic-soaked dressings are commenced five
days after the bone graft and changed daily. The wound is
covered with a skin graft or flap once there are no signs of
infection.

Antibiotic treatment
Antibiotics are administered enterally, parenterally or
through a biodegradable delivery system, the local admin-
istration is discussed under PMMA antibiotic beads. The
choice of drug is made according to the sensitivity of the
organisms from the wound culture and biopsy. Initial
treatment with an anti-Staphylococcus drug such as
cloxacillin is commenced empirically until specific sensi-
tivities are known. The duration of the antibiotic treat-
ment is dependent on the duration of the infection; the
organism’s virulence, sensitivity and resistance; the ade-
quacy of the preceding surgical debridement; the host
resistance and response to treatment (as monitored clini-
cally and with inflammatory markers) and the type of
antibiotic used. A minimum of 6 weeks of antibiotic treat-
ment is advised.15
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Non-surgical treatment modalities
These treatment modalities have all been shown to
advance the healing of septic non-unions, but have limit-
ed clinical application.

Low intensity ultrasound
Ultrasound treatment is applied daily for 20 minutes. It
works by stimulating the genes involved in inflammation
and bone healing, as well as dilating the capillaries and
enhancing angiogenesis, which increases local blood
flow.1

Electrical and electromagnetic stimulation
This modality is indicated for hypertrophic non-unions
with acceptable alignment. Contraindications include
synovial pseudoarthrosis, fractures with malalignment
and fracture gaps of more than half the shaft diameter.
Different techniques are available such as a direct current
through implanted electrodes, inductive coupling or
pulsed electromagnetic fields through external coils and
capacitive coupling through capacitive plates on either
side of the non-union.16

Hyperbaric oxygen
One to two sessions of 1 to 2 hours a day with 100% oxy-
gen at 2 to 3 atmospheres of pressure are advised. The
beneficial effects are ascribed to the direct inhibition of
anaerobic organisms, the increase in phagocytic killing by
polymorphonuclear leukocytes, the augmentation of the
effects of aminoglycosides, quinolones and sulfonamides,
promotion of bone repair and the sustaining of soft tissue
flaps.1

High energy extracorporeal shock waves
This is a non-invasive technique indicated for hyper-
trophic non-unions with a fracture gap of less than 5 mm.
The mechanisms of advancing bone healing are through
the creation of microfractures which stimulate neovascu-
larisation and osteoblast formation, the increase in the
inflammatory medium and growth factors and the
increase in osteogenic differentiation of the mesenchymal
cells.1

Summary
The mainstay of treatment is mechanical: an adequate
debridement of bone and soft tissue together with stable
fracture fixation; augmentation of bone healing with auto-
genous bone grafting, and further assistance with eradica-
tion of infection by appropriate antibiotic treatment. This
must be combined with repair of the soft tissue and the
optimisation of functionality.

No benefits of any form have been received from a com-
mercial party related directly or indirectly to the subject
of this article.
The content of this article is the sole work of the author.
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