
j o u r n a l o f c l i n i c a l o r t ho p a e d i c s a n d t r a uma 6 ( 2 0 1 5 ) 2 4 4 – 2 5 1

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier.com/locate/jcot
Review Article

Management of infection following reconstruction

in bone tumors
Sudhir K. Kapoor MBBS, MS (Orth)a, Rajesh Thiyam MS (Orth)b,*
aDean and Officiating HOD, Department of Orthopaedics, ESI-PGIMSR, Basaidarapur, New Delhi 110015, India
bSenior Resident, Department of Orthopaedics, ESI PGIMSR, Basaidarapur, New Delhi 110015, India
a r t i c l e i n f o

Article history:

Received 27 March 2015

Accepted 24 April 2015

Available online 7 July 2015

Keywords:

Bone tumors

Limb salvage surgery

Megaprosthesis

Infection

a b s t r a c t

Limb salvage surgery in bone tumors has evolved in recent years and includes all of the

surgical procedures designed to accomplish removal of a malignant tumor and reconstruc-

tion of the limb with an acceptable oncologic, functional, and cosmetic result. This dramatic

change came about as the result of three important developments, i.e. effective chemother-

apy, improved precision imaging techniques and advances in reconstructive surgery.

Reconstruction with a modular custom-made oncological endoprosthesis (megaprosthesis)

has become a common procedure nowadays. These large foreign bodies make infection a

common and feared complication. However, the occurrence of complications may be

multifactorial, including a poor nutritional and compromised immune status due to che-

motherapy and/or radiotherapy, a lengthy operation, extensive dissection and resection of

soft tissues, inadequate soft-tissue coverage, a longer exposure of the wound resulting in

infection, etc. Management of postoperative infection in these cases remains a challenge.

This article analyses the current literature available for these cases and summarizes the

cause and different available methods of treatment.

# 2015 Delhi Orthopedic Association. Published by Elsevier B.V. All rights reserved.
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1. Introduction
Over the last 30 years, limb salvage surgery has evolved and
the technique has been proven safe and effective in most
cases.1 Limb salvage surgery includes all of the surgical
procedures designed to accomplish removal of a malignant
tumor and reconstruction of the limb with an acceptable
oncologic, functional, and cosmetic result. Today, up to 85% of
sarcomas in the extremities are treated with limb salvage
surgery. This dramatic change came about as the result of
three important developments, i.e. effective chemotherapy,
improved precision imaging techniques, and advances in
reconstructive surgery.2 Options for skeletal reconstruction
include modular endoprostheses, osteoarticular or bulk
allografts, allograft-prosthetic composites, vascularized bone
grafts, arthrodesis, expandable prostheses, rotationplasty, and
limb-lengthening techniques. Reconstruction with a modular
custom-made oncological endoprosthesis (Megaprosthesis)
has become a common procedure nowadays.3–7 This proce-
dure provides a durable and functional limb immediately after
the operation, achieving immediate rigid fixation, and allow-
ing early initiation of a postoperative rehabilitation program.
Therefore, increasing numbers of patients are undergoing
megaprosthesis reconstruction after resection of a malignant
bone tumor and some other nonmalignant conditions. Com-
plications common to all types of limb salvage surgeries are
neurovascular injuries, local tumor recurrence, deep wound
infections, andsoft-tissuehealingproblems.8–11Theoccurrence
of complications may be multifactorial,12 including a poor
nutritional and compromised immune status due to chemo-
therapy and/or radiotherapy, a lengthy operation, extensive
dissection and resection of soft tissues, inadequate soft-tissue
coverage, a longer exposure of thewound resulting in infection,
etc. Early general complications include wound necrosis,
infection, joint contracture, joint stiffness, joint instability,
neuropraxia, vascular injury, etc. Infection is one of the most-
common complications of limb salvage operations, and the
management of postoperative infection remains a challenge.
Table 1 – Infection and adjuvant therapy.

Adjuvant Infection rate Relative risk

Chemotherapy alone 0.20 1.51
Radiation alone 0.50 3.85
Chemotherapy & radiation 0.09 0.66
No adjuvant therapy 0.13 1.00
2. Significance of chemotherapy

In the early 1970s, new anti-neoplastic drugs such as adriamy-
cin and methotrexate were introduced, and remarkable
improvements in the prognosis for some sarcomas were
seen.13,14 Neo-Adjuvant or ‘‘assisted’’ chemotherapy is now
used for most bone sarcomas prior to surgery.15–19 Chemother-
apy causes tumor necrosis, which allows for safer removal. In
addition, chemotherapy causes the tumor to develop a rind or
margin and in some cases shrink, helping the surgeon to
completely resect the tumor and minimize the removal of
normal tissue. However neo-adjuvant chemotherapy can
compromise the immune status of the patient, which may
result in complications such as postsurgical infection.20,70

Response to chemotherapy and patient fitness are important
criteria in determining patient eligibility for surgery.21 Certain
clinical parameters canbe adopted toprevent complications for
patient undergoing reconstructive surgeries after neo-adjuvant
chemotherapy. Some clinical markers of recovery are:
� A
bsolute neutrophil count (ANC) > = 1200 mm–3
� P
latelet count > = 100,000 mm–3
� H
emoglobin > = 9.0 mg/dL

� T
otal bilirubin must be = <the upper limit of normal (ULN)

2.1. Significance of radiotherapy

Besides chemotherapy, some bone tumors such as Ewing's
sarcoma can be treated with radiation therapy prior to surgery
to downsize the tumor grade.22–29 But radiation therapy also
carries risk of skin necrosis, decrease in immune status,
secondary malignancy, etc. Complication rates for preopera-
tive radiotherapy reported by various authors range from 10%
to 41%.26,30–33 In patients with megaprosthesis replacement,
the reported risk of infection with preoperative radiation
therapy is 20.7% and 35.3% in those receiving postoperative
radiation therapy.34 Cutaneous radiation injury can be caused
by radiations as low as 2 Gy or 200rads and risk increases with
increasing doses.33 Therefore it is important to follow proper
guidelines for maximum radiation dose for specific tumors.35

The reported risk of infection is significantly higher with
radiotherapy alone, and interestingly, combination of chemo-
therapy with radiotherapy is associatedwith decreased rate of
infection (Table 1).36

Emerging radiation delivery methods may reduce the
toxicity to local normal tissue without, increasing the risk of
disease recurrence. Newer techniqueshavebeen introduced for
reducing the radiotherapy field in order to maximize radiation
treatment and todecrease incidentalmorbidity. In recent years,
precise field sculpting with intensity-modulated radiotherapy
(IMRT) has become popular. IMRT is an advanced form of
external beam irradiation and a type of three-dimensional
conformal radiotherapy (3D-CRT). Intensity-modulated radio-
therapy involves the use of computerized optimization tech-
niques to deliver nonuniform radiation-beam intensities to a
field that is planned with use of three-dimensional computer-
ized tomographic scanning techniques.92 This precise delivery
of radiotherapy avoids incidental treatment of surrounding
tissues and therefore reduces radiation-associated complica-
tions.93

2.2. Custom-made megaprosthesis

Megaprosthesis is a large metallic device designed to replace
the excised length of bone and the adjacent joint (Fig. 1).
Modular designs are available for the most common uses in
the femur, tibia, and humerus that allow the surgeon to
assemble the prosthesis intraoperatively to accommodate the
needs of a particular patient. Custom prostheses are available
for special applications. The prosthetic joint has a modified
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Fig. 1 – Megaprosthesis.
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Fig. 2 – Periprosthetic Infection.

Table 2 – Overall infection rate by disease.

Disease Infection rate (%)

Sarcoma 21.7
Metastatic disease 7.4
Benign bone tumor 15.3
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hinge design to substitute for the stability normally provided
by the capsular and ligamentous structures that were
sacrificed by the resection. An analysis of the literature shows
that besides the occurrence of a local recurrence, peripros-
thetic infection remains the most serious complication
following limb salvage procedure with megaprosthesis.37,6,38

Infection of a megaprosthesis (Fig. 2) implanted following
tumor resection leads to major morbidity and sometimes
amputation.

Periprosthetic infections are prevalent despite the use of
systemic antibiotic treatment, operating rooms with laminar
airflow, and routine screening for methicillin-resistant Staph-
ylococcus aureus (MRSA).39 In the literature, infection rates of 3–
31% have been reported (average approx. 15%), often in
conjunction with risk factors, e.g. the anatomic region (pelvis
implants in particular), implant alloy, and underlying reason
for implantation of a megaprosthesis.37 The rate of infections
varies according to the site of replacement with lower rates in
upper extremities and higher rates in lower extremities.39–44

However postsurgical infection is more common in pelvic
tumor surgeries. Several authors have reported infection rates
ranging from 12% to 47%.6,38 The infection can be superficial to
deepwound infection. Thehigh rate of infectious complication
can be attributed to the creation of a huge dead space after
sarcoma resection that cannot be filled by the implant, and
leading to formation of local hematoma. Other factors include
prolonged operating time, wide surgical exposure, use of
chemotherapy/radiotherapy, proximity of the rectum and
genitourinary tract, size of the implant, and blood supply to
the skin flap.37,6,39,45–48

Regarding infection rates with regard to specific diagnosis,
sarcomas demonstrated the highest infection rate of 21.7%
when compared to metastatic or non-metastatic disease
(Table 2).36 Usually high infection rates are seen after



[(Fig._3)TD$FIG]

Fig. 3 – Extensive soft tissue resection in surgery around knee.
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chondrosarcome tumor resection when compared to other
tumors in the pelvis. The reason for this could be the high
volume of the tumor and frequent involvement of the
acetabulum, which leads to increased operating time for
resection.49

Endoprosthetic reconstruction following resection of a bone
tumor of the proximal tibia creates a particular set of problems.
Theprocedurenecessarily sacrifices all the knee ligamentswith
extensive soft-tissue resection50–52 (Fig. 3). The problem of
infection following prosthetic replacement after tumor resec-
tion is related to the difficulties in achieving adequate soft-
tissue cover.51,52 Patients with proximal tibia replacements in
particular are athigh risk forperiprosthetic infectionandhavea
reported infection rate of 31% before the introduction of the
gastrocnemius flap procedure.50 Proximal femur replacements
have reported infection rates of 8%.53 High rates of infection
have, inpart, been improvedbyabandoning theuseof synthetic
grafts andusing gastrocnemiusflaps,whichhavedecreased the
Table 3 – Diagnostic clinical and laboratory evaluation for pros

Evaluation

Clinical history History of wound healing pro
previous surgery, radiation th
mellitus, previous native join

Surgical history Revision surgeries such as bu
expandable tumor prostheses

Clinical signs Persistent joint pain, fever, er
Blood investigations White blood cell count, C-rea
Radiographs and computed
tomography scans

Bone loss and loosening (late

Ultrasonography Joint effusion and synovial hy
Radionuclide bone scanning Combined labeled leukocyte i

99-m, gallium citrate 67, or in
Synovial fluid aspiration Microbiological examination
Biopsy Periprosthetic tissue and syn
Revised prostheses Microbiological examination
Nucleic amplification techniques Detection of bacterial 16S ribo
rate of infection to about 14% in proximal tibia tumor
resection.50

Diagnosis of periprosthesis infection is challenging because
of highly variable clinical symptoms. Various preoperative,
intraoperative, and postoperative diagnostic laboratory tests
are nonspecific (Table 3).54,55 A combination of clinical,
histological, or microbiological criteria56 is required for
diagnosis of periprosthetic infection. Diagnosis of deep
infection can be considered on the basis of clinical evidence
of infection with a positive microbiological culture or
periprosthetic pus and histology compatible with infection
at operation.57

Infection of the megaprosthesis exposes the patient to the
risks of repeated surgical procedures, long rehabilitation, pain,
a possibly poor functional outcome, and amputation. The
clinical impact of periprosthetic joint infection remains
severe, with infection noted to be the leading cause of
morbidity following joint replacement.58.59 Periprosthetic
thetic joint infections.

Details

blems and prolonged antibiotics administration at initial surgery,
erapy, chemotherapy, malnutrition, anemia, advanced age, diabetes
t infection, obesity, skin disease, and pre-existing joint disease
shing exchange, patellar resurfacing, invasive lengthening of
in children, and cemented fixation
ythema, calor, effusion, and sinus
ctive protein, and erythrocyte sedimentation rate
)

pertrophy
maging and complementary bone marrow imaging with technetium
dium 111

ovium; histological and microbiological examination

somal DNA
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Fig. 4 – Allograft.
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infection has been shown to carry a 2.7–18% mortality rate.58

Interestingly there are reports, which suggest increased
survival in patients with osteosarcoma and developing
periprosthetic infection after reconstructive surgery, suggest-
ing a potential immunologic antineoplastic advantage in-
duced by infection.57,59

Treatment is similar to treatment of infected total knee or
hip prosthesis, except there is a dramatically larger dead or
infected tissue, and immune deficiency due to oncologic
treatments, requiring more aggressive treatment.60 Deep
infections in patients with megaprostheses require treatment
by surgical methods because the long-term administration
of antibiotics alone is not sufficient.60 The methods, which
have been described, include irrigation without revision of
the prosthesis,61 wound debridement without revision of the
prosthesis,62–64 revision of prosthesis,62 two-stage revision
with implantation of a cement spacer,64,65 arthrodesis with a
vascularized fibular graft,62 and ultimately in some cases
amputation.62,66 There are few data on the outcome of these
different procedures. Late prosthetic infections are associated
with poor results when treated by lavage, debridement, and
prolonged antibiotics administration67; therefore, removal of
infected prosthesis either as 1- or 2-stage procedure or an
amputation becomes necessary.42,68–71 The reported success
rate of eradicating infection with amputation ranges from 98%
to 100%, 72% to 91%with 2-stage revision, and 42%with 1-stage
revision.70 HoweverAllison et al.36 reported success rate of 42%
with irrigation and debridement procedures alone (without
any component exchange), 70% with single-stage irrigation
and debridement procedure with the addition of modular
component exchange and varying degrees of suppressive
antibiotics, and in contrast to other studies formal two-staged
implant removal, antibiotic spacer placement with subse-
quent reimplantation was associated with 62%. The risk of
amputation due to infected tumor prostheses for oncological
reconstructions has been reported to be between 23.5%
and 87%.70,72–76

Management with two-stage revision remains the gold
standard,64,65,77,78 but a single-stage exchange of the prosthe-
sis without removing the stems is possible in selected cases.60

In two-stage procedures, the first stage includes debridement,
insertion of culture-specific antibiotic-loaded bone cement in
the form of beads and/or rods, temporary fixation with a
custom-made IM nail or self-designed, mobile hinged-joint
prosthesis covered with antibiotic-loaded PMMA. Following
parenteral antibiotherapy, the second staging is performed
after a median of 6 weeks (5–11). The reconstruction stage
includes reimplantation of a cemented prosthesis.

However some authors advocate one-stage revision with-
out exchange of the anchorage components. The advantages
are the avoidance of large bone defects, the need for only one
operation putting a smaller burden on the patients, a shorter
period of hospitalization, and the potential for lower costs.60

2.3. Allograft

Another treatment modality for replacement in the manage-
ment of bone tumors is the use of allograft bone graft (Fig. 4).
Frozen allografts have been used longer than any other tumor
reconstruction option. Allografts are favored by some, for their
potential for longevity, because they function as a biologic
reconstruction material. Incorporation of the allograft by the
host is a slow and incomplete process. The results for allograft
arthrodeses were considerably poorer than osteoarticular,
intercalary, and allograft plus prosthesis.79 Although numer-
ous problems continue to limit the success of allograft
reconstructions, they remain a viable choice for selected uses,
especially in the upper extremity, for intercalary resections,
and for patients who will not need chemotherapy. Infection
remains one of the most common complications of allograft
bone graft.80Most of the allograft-associated infections80 occur
within 4 months and despite antibiotic prophylaxis the
reported incidence remains at 4–12%.80,81 High infection rates
ranging from 15% to 50%have been reported after pelvic tumor
resection surgeries.47,82–84 Factors responsible for the high
incidence of infection in allogenic bone graft pointed out by
Witso et al.85 include highly porous, non-cellular, and
avascular foreign bodies that are prone to bacterial adhesion.
Once bacteria attach, they secrete a thick glycocalyx matrix
rendering them inaccessible to immune surveillance and local
cellular defense mechanism.86 Majority of complications and
unsatisfactory results with allografts have been reported in
patients receiving chemotherapy, radiation therapy, and high
doses of steroid.87,88

Allograft-associated infection has been reduced by 1)
improved processing, 2) Strict donor screening, and 3) terminal
sterilization.

Treatment of low grade, single microorganism allograft
infection is usually successfulwith prolonged antibiotics alone
or in combination with drainage; however, if the infection
persists or in cases of multiple virulent pathogens, then a 2-
stage surgery may be required.80 In the first case the infected
allograft is resected, and length of the limb is maintained
either with antibiotic-loaded PMMA spacer or external fixator.
Pathogen sensitive antibiotics are usually given for 3 months
after which a fresh allograft or prosthesis is implanted. The
recommended treatment includes administration of antibio-
tics for a prolonged period intravenously for 2–14 days
and orally for up to 16 weeks.89,90 Empirically, antibiotic
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impregnated bone allografts85,90 with antibiotics before im-
plantation, achieving high local concentrations of antibiotic
during the initial elution, help in prevention and treatment of
infection. Use of intramedullary antibiotic bone cement91 also
helps in infection prevention and outcome.

In conclusion, limb salvage surgery has become the
mainstay for treatment of malignant bone tumors in recent
times. One of the main contributing factors in the success of
limb salvage surgery has been the introduction of neo-
adjuvant chemotherapy and/or radiotherapy. However it
predisposes the patient to certain complications such as
wound infections postoperatively. Periprosthetic infection can
lead to increased morbidity and mortality, and functional
outcome. Management of infections after reconstructive
surgery for bone tumors is a challenge, which requires careful
planning and aggressive and multiprong approach. The
treatment protocol for infection after reconstruction surgery
for bone tumors is summarized in the flow chart.

Infec�on

Periprothesis Allogra� 

Superficial Deep

Late infec�on

IRRIGATION AND 
DEBRIDEMENT
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