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A B S T R A C T

Currently, accurate diagnosis and successful treatment of infection after fracture fixation (IAFF) still
impose great challenges. According to the onset of infection symptoms after implantation, IAFF is
classified as early infection (<2 weeks), delayed infection (2�10 weeks) and late infection (>10
weeks). Confirmation of IAFF should be supported by histopathological tests of intraoperative
specimens which confirm infection, cultures from at least two suspected infection sites which reveal
the same pathogen, a definite sinus or fistula which connects directly the bone or the implant, and
purulent drainage from the wound or presence of pus during surgery. Diagnosis of IAFF is built on
comprehensive assessment of medical history, clinical signs and symptoms of the patient, and
imaging and laboratory tests. The gold standard of diagnosis is histopathological tests. Treatment of
IAFF consists of radical debridement, adequate irrigation, implant handling, systematic and local
antibiotics, reconstruction of osseous and/or soft tissue defects, and functional rehabilitation of an
affected limb. Early accurate diagnosis and appropriate treatment of IAFF play a key role in increasing
the cure rate, reducing infection recurrence and disability risk, restoring limb function and
improving quality of life of the patient.

© 2019 Elsevier Ltd. All rights reserved.

Introduction

Currently, infection after fracture fixation (IAFF) remains one
of the most challenging disorders for orthopaedists, as it is
sometimes difficult to diagnose and intractable to cure. Ineffective
control of IAFF may eventually lead to occurrence of chronic
osteomyelitis, a long-term disorder with persistent bone infection
and a high risk of recurrence and disability. Additionally, IAFF also
exerts a social-economic burden on the patients and their families.
Early accurate diagnosis and appropriate treatment of IAFF are
essential for a high cure rate, decrease risk of recurrence and

disability, limb functional restoration and decent quality of life of
the patient.

Definition

Recent studies demonstrate that there has been no consensus
regarding IAFF definition. Most of the previous investigations did
not provide a detailed definition of IAFF but used different
parameters to describe the disorder, such as positive cultures,
purulent discharge or drainage and elevation of C-reactive protein
(CRP) [1,2]. Although both IAFF and periprosthetic joint infection
(PJI) belong to implant associated infection, they differ in
diagnosis, treatment and prognosis. IAFF should be regarded as
a special type of disorder different from PJI [2].

It is recommended that IAFF should be defined as infection of
the osseous tissue contacting the implant with or without
infection of the surrounding soft tissue following implantation
of the fracture device, resulting from contamination of pathogens
and/or compromised immunity of the host.
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Classification

Time classification

According to the onset of its symptoms after implantation of
fracture devices, IAFF can be classified into three stages [3]: early
infection (<2 weeks), delayed infection (2�10 weeks) and late
infection (>10 weeks). Early infection is frequently caused by
highly virulent pathogens, such as Staphylococcus aureus [4].
Although the causative bacteria may have already formed a
biofilm, they may remain in an “immature” phase. Inflammation-
associated changes in bone and soft tissues are not obvious.
Delayed infection is usually caused by less virulent pathogens, such
as Staphylococcus epidermidis [4]. Owing to persistent infection, the
biofilm matures and becomes more resistant to antibiotics and
host defenses. In this stage, infected osseous tissue reveals signs of
osteolysis and nonunion while surrounding infected soft tissue
shows signs of further necrosis [3]. Low-virulence microorganisms
are the primary causative agents for late infection. Long-term
infection results in compromised fracture healing and chronic
osteomyelitis, characterized by inflammation-associated osteol-
ysis with new bone formation [5]. Different infection durations
result in different histopathological changes in bone and soft
tissues which determine varied treatment strategies.

Cierny-mader classification for osteomyelitis [6]

Cierny-Mader classification involves anatomy and host physi-
ology. Its anatomic classification consists of four types. Type I is
medullary infection, type II superficial infection, type III localized
infection and type IV diffuse osteomyelitis. The host physical status
is divided into three classes. Host A shows a good immune system
and delivery, host B is compromised locally (BL) or systemically (BS)
or both (B LS), and host C is not a surgical candidate due to its poor
systemic condition and prognosis. Selection of a treatment strategy
should be built on both the anatomy type and host physiologic
class.

Epidemiology

Incidence

It depends on the interactions between environmental factors
and host factors whether infection may develop after implantation
of a fracture device. Environmental factors include injury feature,
fracture location and type, soft tissue injury, pathogen type,
treatment time and strategy. Host factors refer to immune and
nutritional status, and systematic and local underlying diseases
[7]. According to a recent study [8], incidence of IAFF ranged from
0.4% to 16.1%, with an average of 5%. The incidence of IAFF was
approximate 1% after a closed fracture, and 15% [9] or over 30% [4]
or even up to 55% [10] after an open fracture. It differed with
different fractured sites, ranging from 2.1% to 11.1% after surgery of
proximal tibia (with an average of 6.9% [11–13]) and from 1.1% to
6.1% after ankle fracture surgery (with an average of 4.1% [14,15]).
In addition, it might have been influenced by geographical location
and climate [16].

Risk factors and comorbidities

Smoking is one of the most important and independent risk
factors of IAFF [10,17] and its recurrence. Therefore, smokers should
be well informed and smoking cessation is recommended before
IAFF therapy. Other systematic risk factors include diabetes mellitus
(including preoperative hyperglycemia), obesity, malnutrition,
alcohol abuse, compromised immunity or immunodeficiency,

anemia, allergies against implants, advanced age, chronic hypoxia,
malignant diseases, hepatic or renal failure et al. [10,18] Local factors
are hypoperfusion of the traumatized region, venous stasis, chronic
lymphedema, radiogenic fibrosis and severe scarring owing to
preceding surgery et al [10,18].

Several recent studies indicated that patients with chronic
osteomyelitis experienced significantly increased risks of other
system diseases, such as intracerebral hemorrhage [19], acute
pancreatitis [20], coronary heart disease [21], diabetes mellitus
[22] and even depression [23].

Healthcare cost

A recent survey [24] revealed that total healthcare costs for
patients with tibia infection were approximately 6.5-times higher
compared to the uninfected patients, averaging 44,468 Euros.
Additionally, the median lengths of antibiotic therapy and hospital
stay for infected patients were, respectively, 11-fold and 7.7-fold
longer than those for non-infected ones. According to the data of
278 in-patients with post-traumatic osteomyelitis at the Depart-
ment of Orthopaedics & Traumatology, Nanfang Hospital, Southern
Medical University over a period of 3 years, the direct healthcare
cost for infected patients was 4.8 times higher than that for non-
infected ones, totaling about 73,500 RMB yuan (about 10,500 US
dollars) for each [25].

Diagnosis

Diagnosis of IAFF should be made according to medical history,
clinical signs and symptoms of the patient, imaging data including
X-ray, ultrasound, computed tomography (CT), magnetic reso-
nance imaging (MRI) and nuclear medical examinations, laborato-
ry tests of serological levels of inflammatory biomarkers, pathogen
culture and identification, and a histopathological test. It is
recommended that the histopathological test should be the gold
standard for diagnosis of IAFF.

Confirmatory criteria of IAFF

In the year 2017, with the support of the AO Foundation, an
internationalexpertgroup definedfourconfirmatorycriteria forIAFF
[26]: fistula, sinus or wound breakdown with communication to the
bone or the implant; purulent drainage from the wound or presence
of pus during surgery; phenotypically indistinguishable pathogens
identified by culture from at least two separate deep tissue/implant
specimens; histopathological examination confirming presence of
microorganisms in deep tissue taken during surgery.

Medical history, clinical signs and symptoms

The injury to bone and soft tissue regarding its feature, site and
severity should be assessed as well as the interventions the patient
has received (including antibiotics and operations) in IAFF patients
who often have a definite history of injury and/or surgery.
Meanwhile, attention should be paid to comorbidities of the IAFF
patients, especially the high-risk factors. In an early infection stage,
the patient usually presents with classic signs of acute inflammation
(local redness, swelling, heat and pain), wound healing disturbance
and local hematoma. In addition, systematic signs can also appear,
such as fever and lethargy [26]. In a delayed infection stage, the
patient can present with symptoms in the early and late infection
stages, such as local hematoma (early infection) and sinus/fistula
(late infection). In a late infection stage, the patient usually presents
with untypical or subtle symptoms, like compromised limb function,
local swelling, tenderness, erythema and sinus/fistula, mostly
lacking systemic manifestations [3].
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Imaging examinations

Imaging examinations include X-ray, ultrasound, CT, MRI and
nuclear medical ones [9]. It is recommended that X-ray should be
routine for patients suspected of IAFF [27,28] as it can preliminarily
evaluate fracture reduction, bone healing and implant status.
Typical X-ray image characteristics of IAFF are bone erosion and
reactive new bone formation away from fracture site. In suspicion
of IAFF associated with low-virulent pathogens or atypical X-ray
manifestations in an early stage, continuously dynamic radio-
graphs and close follow-ups are necessary to detect any
abnormality in time. Ultrasound can assess status of soft tissue
infection, such as local abscess formation. Compared with X-ray, CT
scan can depict osseous changes better, such as fracture
consolidation, position of fracture device and situation of bone
nonunion. Additionally, CT can be used to find original position of
bone lesion connecting the sinus tract. Moreover, once intra-
medullary gas is detected by CT scan, a reliable sign of acute
infection is established. However, CT is not capable of evaluating
soft tissue infection, not sensitive enough for bone marrow
oedema and easily disturbed by metallic implants in image quality.
MRI is valuable for diagnosis of early infection as it can detect
changes of bone marrow oedema early (1�2 days) after infection
[27] and is sensitive to changes in osseous tissue and surrounding
soft tissue after infection so that it can clearly show the scope of
infection in bone and soft tissue. Therefore, MRI helps to determine
the area of debridement. However, MRI is also prone to disturbance
from metallic implants.

Nuclear medical examinations mainly include three-phase
bone scintigraphy, leukocyte scan and positron emission tomog-
raphy (PET). Bone scintigraphy can detect whether multiple
infection lesions exist throughout the body. However, its value
is limited in distinguishing infection in the patients who suffer
from a recent fracture or receive internal fixation. Leukocyte scan
has an important diagnostic value for the patients whose
osteomyelitis cannot be confirmed by bone scintigraphy. It can
also be used to determine the infection in the patients who suffer
from a recent fracture or receive internal fixation. PET is a fine
selection for diagnosis of IAFF due to its high sensitivity and
specificity and availability for patients with metallic implants, but
it should not be the first choice of investigation for IAFF [9].

Serological inflammatory biomarkers

Traditional inflammatory biomarkers include white blood cell
count (WBC), erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP). It is recommended that patients suspected of IAFF
should receive routine WBC, ESR and CRP tests prior to treatment.
The higher elevations of the three biomarkers, the greater
possibility of infection. However, infection cannot be ruled out
when serological levels of the three biomarkers are in normal
ranges [29,30]. For patients suspected of early stage infection,
repeated acquisition of CRP levels is recommended. If the
serological CRP level continuously increases from the 4th to 7th

day postoperatively, a high probability of IAFF should be
considered after exclusion of infection in other systems or
persistent systemic inflammatory stress status of the patient
[31]. In case all the WBC, ESR and CRP levels are normal owing to
the possibility of infection associated with low-virulence patho-
gens, or delayed and late infections, serological interleukin 6 (IL-6),
tumor necrosis factor α (TNF-α) and serum amyloid A (SAA) levels
can be measured for auxiliary diagnosis [30]. Potential roles of
novel biomarkers, such as α-defensins, D-Dimer and calprotectin,
which are more frequently used in diagnosis of PJI [32–34], in
auxiliary diagnosis of IAFF need further evaluation. Currently, such
novel biomarkers are not suggested for routine tests.

It should be noted that the specificity of most inflammatory
biomarkers is not high enough. Elevation of such biomarkers may
imply infection possibility while normal levels cannot rule out
infection. A definite diagnosis should be established on the basis of
clinical signs of the patient and other tests as well.

Microorganism culture and identification

As no direct relationship is found regarding pathogen culture
outcomes between samples collected at the initial debridement
from a contaminated wound of open fracture and IAFF samples,
it is not advised to culture samples collected from an initial
open fracture wound [35,36]. In order to increase the positive
culture rate of samples collected during surgery in IAFF
patients, it is suggested that antibiotics should not be used
prior to therapy (apart from occurrence of acute infection with
systemic symptoms) and antibiotics should be stopped for at
least two weeks before IAFF treatment. It is not recommended
to perform pathogen culture or drug sensitivity test for samples
collected from a sinus tract [9,37] because the consistency
percentage is low between culture outcomes from a sinus tract
and intraoperative samples [38]. It is recommended that
samples should be cultured for at least 7 days after collection
and even for 14 days in case of suspicion of infection associated
with low-virulence or specific pathogens. If necessary, cultures
should be conducted for anaerobes, mycobacterium tuberculo-
sis and fungus [3,39]. In suspicion of mature biofilm formation
or in case of a negative culture outcome, the removed implant
should be sent to the microbiological laboratory for sonication
and cultivation of sonication fluid, in order to increase the
positive culture rate [40,41]. A “3-2-1” principle is recom-
mended for sample collection and microbiological diagnosis of
IAFF. At least 3 samples from a suspected site should be
collected for culture and IAFF diagnosis can be established
when the same pathogens are identified from at least 2 sites.
Positive culture of a high-virulence microorganism (e.g.
Staphylococcus aureus,Escherichia coli) from just one site can also
establish IAFF diagnosis [42]. Although polymerase chain reaction
(PCR) technique possesses advantages in bacteria identification,
such as convenience, efficiency, high resolution and high
sensitivity, it still has such disadvantages as a false positive
outcome risk owing to sample contamination, and inability to
identify bacterial survival status with limited drug sensitivity
information [3]. Therefore, it is not recommended as a routine test
beyond its supplemental role.

Histopathological test

The histopathological test is the gold standard for diagnosis of
IAFF. Therefore, all patients suspected of IAFF should receive a
histopathological test of at least 2–3 samples collected intra-
operatively. It is not advised to conduct an intraoperative rapid
freezing histopathological test in patients with a definite
preoperative IAFF diagnosis for whom a postoperative routine
histopathological test is enough. However, when a surgical
strategy depends on the presence or absence of infection but it
is difficult to determine whether infection exists before or during
surgery, rapid intraoperative freezing pathological examination is
suggested of at least 2–3 soft tissue samples surrounding the
suspected infected bone tissue. For tissues suspected of infection,
special staining can be used to check whether pathogenic
microorganisms exist under microscopy. The recommended
criteria for pathological diagnosis of IAFF (including intraoperative
rapid freezing pathology) should be the number of neutrophil
granulocytes �5 for each of five high magnification fields
(magnification �400) [43,44].
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Treatment

Active and appropriate treatment is the key to increasing the
curative rate, reducing risks of infection recurrence and disability,
reconstructing limb function and improving quality of life of the
patient. One year follow-up in a recent study [45] demonstrated
that the infection recurrence rate was as high as approximately
75% after conservative treatment. As all surgical strategies have
both advantages and disadvantages [5], optimal treatment should
be formulated on the basis of the personal experience of the
surgeons and the specific situation of the patient. Basic principles
of IAFF treatment consist of radical debridement, implant
handling, systematic and local antibiotics, reconstruction of bone
and soft tissue defects, and rehabilitation of limb function.

Aims of IAFF treatment and considerations for an appropriate
treatment strategy [3]

Five aims should be fulfilled in the treatment of IAFF: (1)
promotion of fracture consolidation, (2) eradication of infection or
control of infection until fracture consolidation, (3) healing of soft-
tissue coverage, (4) prevention of chronic osteomyelitis and (5)
restoration of limb function.

Nine issues should be considered in selection of treatment
strategies: (1) onset of infection (early, delayed or late infections),
(2) fracture healing or formation of solid callus, (3) implant
stability and fracture reduction, (4) implant type, (5) fracture
location, (6) condition of soft tissue coverage, (7) systemic and
local host physiology, (8) prior treatment of the infected site, and
(9) detection of difficult-to-treat pathogens.

Radical debridement

Radical debridement is a prerequisite for IAFF treatment and
also the key to a low risk of infection recurrence. In debridement,
infected lesions should be treated as a low grade malignant tumor
and efforts should be made to convert the bone infection which is
difficult to control into bone defects that can be repaired [46]. The
key point in debridement is to clear away all the necrotic and
deactivated bone and soft tissue. Oncologic resection is recom-
mended as the standard manner of debridement, which exceeds
5 mm into normal tissues [3,47]. “Paprika sign” of bone and soft
tissue is a criterion for radical debridement which can be assisted
by devices like water jet and pulse irrigator. Debridement of
reamer-irrigator-aspirator (RIA) style is recommended for intra-
medullary infection [48]. When acute infection is highly suspected
following internal fixation, active surgical intervention is advised
rather than conservative observation. It is mandatory to open the
wound in time, perform radical debridement and delay wound
closure. Negative pressure wound therapy can be applied when
necessary and antimicrobial-coated sutures (e.g. triclosan) can be
used for wound closure [49].

Implant handling

Currently, there has been no evidence-based suggestion regard-
ing whether to keep or remove the implant after acute infection (<2
weeks). It is generally recommended to keep the implant as long as
fracture achieves satisfactory reduction, hardware remains stable
and infection is effectively controlled. However, the implant should
be removed in cases of (1) a patient addicted to drug or smoking, (2)
compromised immunity which cannot recover in a short time, (3)
open fracture, (4) intramedullary fixation, (5) unsatisfactory fracture
reduction or unstable fixation, (6) poor soft tissue condition or
insufficient wound coverage, and (7) bacterial infection difficult to
treat (e.g. methicillin-resistant staphylococcus aureus, MRSA) [3,50].

For delayed infection (2�10 weeks), the implant should be kept only
on condition that fracture reduction is fine, internal fixation rigid,
infection effectivelycontrolled and coverage of soft tissue sufficient.
In case of chronic infection (>10 weeks), the implant can be
removed after the fracture has already healed. In ununited fractures,
the implant should be handled the same way as for delayed
infection.

A decision to keep the implant inplace should be cautiously made
no matter at which stage the infection is. Patients with the implant
retained should be watched out for clinical symptoms and given
antibiotics and supportive therapies. Dynamic tests of serological
levels of inflammatory biomarkers are suggested, especially CRP.
Once CRP level increases continuously with aggravated systemic
and/or local symptoms of inflammation, the implant should be
removed in time not to aggravate bone infection.

Systemic antibiotic treatment

Systematic antibiotic treatment aims to have either curative or
suppressive effects. If suppression is aimed at, antibiotics should be
administered to control infection until the fracture unites and the
implant can be removed [4]. Antibiotics should be chosen
according to the results of intraoperative sample cultures and
antimicrobial susceptibility tests. The most frequently used
antibiotics are cephalosporin and clindamycin [45]. Antibiotic
treatment should start immediately after radical debridement, and
intravenous administration for 2 weeks followed by oral adminis-
tration [51,52] is recommended. If curative effects are aimed at,
antibiotics should continue for 6 weeks (intravenous administra-
tion for 2 weeks followed by oral administration for 4 weeks) after
implant removal. However, duration of antibiotics should be
prolonged to 12 weeks if the implant is retained (intravenous
administration for 2 weeks followed by oral administration for 10
weeks) [4,53]. As duration of systemic antibiotics associates with
the time for stabilization and fracture union in case of suppression,
additional 4–6 weeks after implant removal are usually required,
especially for infection induced by high-virulent bacteria. Vanco-
mycin or daptomycin can be selected in suspicion of MRSA-related
infection [54]. For delayed or chronic infection where a bacterial
biofilm forms, rifampicin [55] and quinolones (ciprofloxacin,
levofloxacin) [56,57] should be supplemented after surgical
debridement for infection related to staphylococcus and gram-
negative bacteria, respectively. Postoperative use of mere rifampi-
cin is not suggested for it may result in rapid development of
resistance. Instead, rifampicin should be used in combination with
other broad-spectrum antibiotics [58].

Local antibiotic implantation

Local application of antibiotics requires vehicles. Currently, the
carriers most frequently used are polymethylmethacrylate
(PMMA) and calcium sulfate (CS). Antibiotics that can be locally
implanted include vancomycin, gentamicin, tobramycin and
cephalosporin [59]. Local use of antibiotic-loaded carriers should
follow radical debridement of the infected tissues. Patients should
be fully informed of both advantages and disadvantages of
different types of antibiotic carrier. For example, although PMMA
can provide adequate support strength, it is not biodegradable and
requires a secondary removal surgery. CS is completely biodegrad-
able, but aseptic wound drainage is a frequent complication
following local implantation [60,61].

Reconstruction of bone defects

Radicaldebridementofosseoustissueusuallycausesabonedefect.
Autogenous bone graft, myocutaneous flap and fasciocutaneous flap
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canbechosentorepairbonedefectssmallerthan4�6 cm.Withregard
to large bone defects (over 4�6 cm), Ilizarov, Masquelet and free
vascularized fibula graft techniques can be applied. Since all
techniques have their own advantages and disadvantages, surgeons
should choose an optimal technique based on their personal
experience and specific patient situation.

Illizarov distraction osteogenesis technique (Bone transport
technique) [62]

Key points of Illizarov technique are metaphyseal osteotomy
and lower-energy osteotomy to protect blood supply. Bone
transport usually starts one week following osteotomy (range,
3–10 days) at a speed of 1.0 mm/d (range, 0.5–1.5 mm/d) fulfilled at
3–4 times. The first stage osteotomy can be performed after
debridement in patients with slight or moderate infection. The
second stage osteotomy should be considered in cases of severe
infection, transport planned from distal to proximal limb and poor
patient status. It is usually conducted 4 to 6 weeks following
primary surgery. Dynamic observation of serological levels of
inflammatory biomarkers (especially CRP) is necessary. It is safer to
perform osteotomy when CRP level returns to normal. A rail fixator
is the first choice for bone transport. Ring fixators, being more
stable than rail ones, can be considered when rail fixators cannot
provide rigid fixation [63], or when osteotomy site is close to joint
surface (a rail fixator nail implanted may penetrate into the joint).
Routine freshening of the docking sites with bone graft is not
recommended. Nonetheless, such surgical procedures can be
considered if no obvious or little callus forms 2–3 months
following docking sites contact or if re-fracture risk significantly
increases after removal of external fixation. If a patient cannot
tolerate long-term wear of an external fixator, early bone graft and
exchange into internal fixation can be considered [64] as long as
infection has been completely eradicated.

Masquelet technique (the induced membrane technique) [65]

Masquelet technique is an effective strategy to deal with
large segmental bone defects [66]. It is strongly recommended
that surgeons should strictly follow the surgical points at each
stage in order to avoid surgical failure (including changing
surgical procedures at any stage) [67,68]. The primary technical
points in the first stage surgery include radical debridement of
bone and soft tissue, implantation of PMMA cement into bone
defects (cement filling should wrap the defect ends by 2–3 cm),
good soft tissue coverage and rigid fixation of fracture ends. The
second stage surgery is usually conducted 6–8 weeks after the
first stage one. Dynamic tests of serological levels of inflamma-
tory biomarkers prior to the second stage surgery are necessary.
The secondary stage surgery can be performed when serological
levels of inflammatory biomarkers return to normal or almost
normal. As a primary technical point in the second stage surgery,
the block of cement spacer must be removed without dissecting
the membrane from its surrounding tissues. Bacterial culture
and histopathological examination should be carried out in
suspicion of residual infection. After removal of the cement
spacer, bone defect ends need to be refreshed and the medullar
cavities at both ends should be reamed. Next, the defect is filled
up with autograft bone. Allograft bone and bone graft
substitutes can be used for massive bone defects. It should be
noted the volume ratio of autogenous bone to allogeneic filling
should exceed 3:1. Subsequently, terminal fixation is applied as
appropriately as the circumstances may require. The membrane
is sutured over the graft with adherent soft tissues. It is advised
to put drainage inside the cavity of membrane or in the
subcutaneous tissue.

Free vascularized fibular graft technique

Free vascularized fibular graft, a technique most frequently used
to reconstruct bone defects [69,70], requires well-experienced
micro-surgeons. Since it takes a long time for the fibular graft to
thicken, regular follow-ups are essential to reduce risks of refracture
and other complications [71].

Repair of soft tissue defects

Since a good soft tissue condition is essential for effective
control of infection, soft tissue defects should be repaired as soon
as possible in any surgical strategy. Soft tissue defects in an open
fracture should also be covered as soon as possible (within 1 week
after injury). They can be repaired by a free or local flap,
musculocutaneous flap, skin graft and skin stretching technique.

Rehabilitation of limb function

Rehabilitation should be encouraged no matter which surgery
has been performed so that incidences of osteoporosis, ankylosis,
foot-drop and other complications can be reduced. A rehabilitation
strategy should be personalized based on specific patient situation
and treatment method, in order to speed up the recovery of the
patient and improve his or her quality of life.

Summary and prospects

Diagnosis and treatment of IAFF is always a great concern and a
difficult problem as well for orthopaedists. Although remarkable
advances have been achieved in relative fields, many aspects of the
disorder are still unclear or in controversy. The standards and
criteria that have been formulated for diagnosis and treatment of
IAFF are derived from those for PJI. Therefore, extensive, in-depth
and meticulous clinical and basic investigations of IAFF are
necessary. We hope IAFF patients may benefit more from
multidisciplinary collaboration in the future [72]. Their quality
of life can be improved and their risks of recurrence and disability
can be reduced by progress in early diagnosis and appropriate
treatment of IAFF and in preventive medicine which allows for
precise identification of high-risk populations of IAFF and timely
effective intervention to lower prevalence of IAFF.

Experts participated in the consensus statement
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canbechosentorepairbonedefectssmallerthan4�6 cm.Withregard
to large bone defects (over 4�6 cm), Ilizarov, Masquelet and free
vascularized fibula graft techniques can be applied. Since all
techniques have their own advantages and disadvantages, surgeons
should choose an optimal technique based on their personal
experience and specific patient situation.

Illizarov distraction osteogenesis technique (Bone transport
technique) [62]

Key points of Illizarov technique are metaphyseal osteotomy
and lower-energy osteotomy to protect blood supply. Bone
transport usually starts one week following osteotomy (range,
3–10 days) at a speed of 1.0 mm/d (range, 0.5–1.5 mm/d) fulfilled at
3–4 times. The first stage osteotomy can be performed after
debridement in patients with slight or moderate infection. The
second stage osteotomy should be considered in cases of severe
infection, transport planned from distal to proximal limb and poor
patient status. It is usually conducted 4 to 6 weeks following
primary surgery. Dynamic observation of serological levels of
inflammatory biomarkers (especially CRP) is necessary. It is safer to
perform osteotomy when CRP level returns to normal. A rail fixator
is the first choice for bone transport. Ring fixators, being more
stable than rail ones, can be considered when rail fixators cannot
provide rigid fixation [63], or when osteotomy site is close to joint
surface (a rail fixator nail implanted may penetrate into the joint).
Routine freshening of the docking sites with bone graft is not
recommended. Nonetheless, such surgical procedures can be
considered if no obvious or little callus forms 2–3 months
following docking sites contact or if re-fracture risk significantly
increases after removal of external fixation. If a patient cannot
tolerate long-term wear of an external fixator, early bone graft and
exchange into internal fixation can be considered [64] as long as
infection has been completely eradicated.

Masquelet technique (the induced membrane technique) [65]

Masquelet technique is an effective strategy to deal with
large segmental bone defects [66]. It is strongly recommended
that surgeons should strictly follow the surgical points at each
stage in order to avoid surgical failure (including changing
surgical procedures at any stage) [67,68]. The primary technical
points in the first stage surgery include radical debridement of
bone and soft tissue, implantation of PMMA cement into bone
defects (cement filling should wrap the defect ends by 2–3 cm),
good soft tissue coverage and rigid fixation of fracture ends. The
second stage surgery is usually conducted 6–8 weeks after the
first stage one. Dynamic tests of serological levels of inflamma-
tory biomarkers prior to the second stage surgery are necessary.
The secondary stage surgery can be performed when serological
levels of inflammatory biomarkers return to normal or almost
normal. As a primary technical point in the second stage surgery,
the block of cement spacer must be removed without dissecting
the membrane from its surrounding tissues. Bacterial culture
and histopathological examination should be carried out in
suspicion of residual infection. After removal of the cement
spacer, bone defect ends need to be refreshed and the medullar
cavities at both ends should be reamed. Next, the defect is filled
up with autograft bone. Allograft bone and bone graft
substitutes can be used for massive bone defects. It should be
noted the volume ratio of autogenous bone to allogeneic filling
should exceed 3:1. Subsequently, terminal fixation is applied as
appropriately as the circumstances may require. The membrane
is sutured over the graft with adherent soft tissues. It is advised
to put drainage inside the cavity of membrane or in the
subcutaneous tissue.

Free vascularized fibular graft technique

Free vascularized fibular graft, a technique most frequently used
to reconstruct bone defects [69,70], requires well-experienced
micro-surgeons. Since it takes a long time for the fibular graft to
thicken, regular follow-ups are essential to reduce risks of refracture
and other complications [71].

Repair of soft tissue defects

Since a good soft tissue condition is essential for effective
control of infection, soft tissue defects should be repaired as soon
as possible in any surgical strategy. Soft tissue defects in an open
fracture should also be covered as soon as possible (within 1 week
after injury). They can be repaired by a free or local flap,
musculocutaneous flap, skin graft and skin stretching technique.

Rehabilitation of limb function

Rehabilitation should be encouraged no matter which surgery
has been performed so that incidences of osteoporosis, ankylosis,
foot-drop and other complications can be reduced. A rehabilitation
strategy should be personalized based on specific patient situation
and treatment method, in order to speed up the recovery of the
patient and improve his or her quality of life.

Summary and prospects

Diagnosis and treatment of IAFF is always a great concern and a
difficult problem as well for orthopaedists. Although remarkable
advances have been achieved in relative fields, many aspects of the
disorder are still unclear or in controversy. The standards and
criteria that have been formulated for diagnosis and treatment of
IAFF are derived from those for PJI. Therefore, extensive, in-depth
and meticulous clinical and basic investigations of IAFF are
necessary. We hope IAFF patients may benefit more from
multidisciplinary collaboration in the future [72]. Their quality
of life can be improved and their risks of recurrence and disability
can be reduced by progress in early diagnosis and appropriate
treatment of IAFF and in preventive medicine which allows for
precise identification of high-risk populations of IAFF and timely
effective intervention to lower prevalence of IAFF.
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