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Background: In the era of modern transportation there is an increased incidence of compound fractures especially
of long bones. As the skin barrier is broken, the bacteria from dirt, other contaminants can colonize at the wound
site and thus can cause infection. Healing at the fracture site and that of soft tissues can be severely compromised
by infection. So, treating the infection first followed by definitive fixation of fracture will nearly take 4-6 weeks.
The antibiotic nailing technique can thus achieve both the targets in a short time. Local delivery of drug controls
the infection and the fixation achieves stability. This even reduces the side effects due to over use of systemic and
oral antibiotics.

Osteomyelitis is also very common which can be hematogenous or post traumatic. This can weaken the bone and
can cause fractures with trivial trauma. Discharging sinuses may also be accompanying. So even in this scenario
long term use of antibiotics systemically may be required causing side effects. Antibiotic nailing can be very useful
in this scenario.

Methods: This is a prospective observational study. 20 patients above age of 20 years who were admitted or
on follow up during the period of 2 years were considered for study. The patients with infected fractures with or
without implant in situ and patients with chronic osteomyelitis with discharging sinuses were included.

ASAMI criteria: The final outcome is graded based on ASAMI criteria proposed by Paley et al. This was usually
developed for determining the outcome after treatment of nonunion with llizarov ring fixator. It was applied in
our study with some modification.

Results: The average duration for achieving bony union was around 5 months (20 weeks). Minimum duration for
bony union was around 4 months (16 weeks). Maximum duration for bony union was around 7 months (28 weeks)
Average duration for control of infection in case of chronic osteomyelitis was around 4 months. Minimum duration
for control of symptoms was 5 months. Maximum duration for control of symptoms was 7 months.

Conclusion: Antibiotic impregnated cement coated intramedullary nailing is a very good and effective treatment
for infected nonunion and chronic osteomyelitis long bones with bone defect less than 2 cm. In case of infected
nonunion, as the bone ends will be sclerosed, freshening of ends and bone grafting is needed.
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Orthopedic treatment.
P 1. To study the role of antibiotic impregnated cement coated

Introduction intramedullay nailing in management of infected fractures

Paley et al. described novel technique of intramedullary of shaft of long bones and chronic osteomyelitis.

antibiotic cement coated rods for intramedullary infections. This 2. To assess the clinical out come.
technique has evolved to antibiotic cement coated interlockin .

) d o ) : & Material and Methods
intramedullary nail insertion for the treatment of infected

nonunion and the same was applied for treatment of chronic ~ This is a prospective study conducted in Department of
osteomyelitis. Orthopaedics and Traumatology, S.V.R.R Government General

Hospital, Tirupathi, Andhra Pradesh, India. 20 cases admitted
in hospital who were diagnosed of culture positive infected
fractures of long bones and chronic osteomyelitis long bones
were considered in the study. The study was conducted after
obtaining approval from institutional ethical committee.

Their aim was to identify the effective method in dealing
with these difficult injuries. The use of reinforced antibiotic
impregnated PMMA rods was studied to see if this could be an
effective form of treatment. The use of such devices is beneficial
because they provide stability that the fracture needs to heal
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1. Stainless steel tibia and femur interlocking nails of
appropriate length and diameter. The smooth contour of
the nail was not able to hold the antibiotic cement and
there was the displacement of the cement mantle. Hence
the surface of nail was made rough to hold the cement
mantle.

2. Bone cement.

3. Antibioticused in all the cases was vancomycin. Vancomycin
is used because of its broad spectrum even against
Methicillin resistant staphylococcus aureus. It is bactericidal
and kills the organism by inhibiting cell wall synthesis. Drug
is even effective against gram positive cocci, diphtheria,
clostridia. Also, the physical properties of vancomycin make
it an ideal drug for antibiotic cement nailing. The dosage of
vancomycin used was 2 gm per 80 grams of cement. In case
of gram-negative organisms like pseudomonas, gentamicin
was also used along with vancomycin.

4. Nail instrumentation set as provided by the manufacturer.

5. Heart lung machine tubing half inch, three eighth inches.

Surgical Procedure

All cases were operated under regional anesthesia. The surgical
parts were scrubbed, painted and draped. Wounds were
subjected to through debridement. In case with implant in
situ in case of nonunion and discharging sinuses, the implants
were removed, the non-viable tissues thoroughly debrided till
fresh bleed. The sclerotic ends of the fracture were freshened
and sequestrectomy was done if needed. Osteotomy of fibula
was done if necessary. Intra operative cultures were taken and
sensitivity tested for deciding the post operative antibiotic
protocol. After making the appropriate entry point, the guide
wire is advanced till the fracture site, the fracture is adequately
reduced and the guide wire is advanced into the distal fracture
fragment. The guide wire is seated in the sub chondral bone.
Serial reaming was done till the maximum diameter using hand
held reamers. Nail diameter and length were determined. The
cement mantle around the nail should be of around 2 mm.
Hence the nail of 2 mm less than the required for regular nailing
was chosen. In case if the nail of smaller diameter has to be
chosen, solid nail was used.

1. Preparation of the antibiotic cement coated nail:

a. The nail of required diameter was taken. 80 gm of
cement was taken in a sterile large kidney tray. 2 gm of
vancomycin was added to cement and mixed well with
sterile spatula.

b. Liquid monomer was then added to the cement —

Table 1: ASAMI bony criteria.

antibiotic mixture and stirred well. The cement
polymerizes and a dough formed at around 2 to 3
minutes.

c. Heart lung machine tube (half inch/three eight inch)
with inner diameter equal to that of cement mantle
and nail diameter was taken. With the help of a 10 or
20 cc syringe, the cement dough is filled in the tubing
and the nail advanced in to the tube. The nail advanced
into the tube only when the cement antibiotic mixture
is still in dough state.

d. Once the cement mantle gets settled, the tubing
was cut and the surface of nail smoothened and the
entry holes for guide wire and the screws is cleared of
cement.

2. Insertion of nail: The nail will be inserted using the
appropriate jig. The difficulty expected during the insertion
of nail is the de bonding of the cement from nail.

3. The distal and the proximal locking screws are applied and
finally the fracture alignment, screw length and nail length
were checked under fluoroscopy.

Post-Operative Protocol

Wound inspection at regular intervals of 48-72 hours ftill
suture removal. Post operative complete hemogram, ESR
and CRP were advised to assess the response to treatment.
Systemic antibiotics were given for 5 days and there after oral
antibiotics for 1 week. Range of movements exercises are
started immediately on the first post operative day. Radiographs
were taken post operatively in two planes, anteroposterior and
lateral. Radiographs were taken thereafter at 6 weeks to assess
the bony union. The patients were reviewed at 3 weeks to
assess the status of infection control.

The effectiveness of antibiotic cement coated nail in
management of infected fractures of long bones and chronic
osteomyelitis long bones are evaluated through the following
parameters: Improvement in symptoms like cessation of
discharge, Reduction in signs of inflammation, Duration of
hospital stay, Duration of union, Time period for weight bearing,
Radiological confirmation of union, Complications.

ASAMI Criteria

The final outcome is graded based on ASAMI criteria proposed
by Paley et al. This was originally developed for determining the
outcome after treatment of nonunion with llizarov ring fixator.
It was applied in our study with some modification.

1. ASAMI bony criteria

Bony Criteria Union Infection Deformity Limb length discrepency
Excellent Union Nil <7 deg <2.5cm

Good Union With any two criteria

Fair Union With any one criterion

Poor Non union With or without above criteria

Poor Non union With or without above criteria

The outcome can be graded as excellent only if the union is
achieved without any bone grafting (Table 1).

2. ASAMII functional criteria

a. Stiffness at knee is defined as loss of 15 degrees
of extension and that of ankle is defined as loss of
dorsiflexion of around 15 deg.
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Table 2: ASAMI functional criteria.

Functional criteria Activity Significant limp Stiffness at ankle/ knee | Soft tissue rigidity Pain
Excellent Active Nil Nil Nil Nil
Good Active With any one or two criteria

Fair Active With three or four criteria

Poor Inactive | With or without the above criteria

b. Inactivity is defined and inability to do daily activities
(Table 2).

The final outcome is graded based on ASAMI criteria proposed
by Paley et al. This was developed for determining the outcome
after treatment of nonunion with llizarov ring fixator. It was
applied in the present study with some modification.

Inclusion Criteria
1. Age group above 20 years.
2. Both genders were included.

3. Infected nonunion of less than 2cms following fracture of
shaft of long bones.

Malunion on back ground of infection.

Written and informed consent to participate in the study.
Compound injuries.

Osteomyelitis of long bones with discharging sinus.
Severe grade osteomyelitis with massive pus discharge.

O N v

Exclusion Criteria

1. Age less than 20 years.

2. Patients with co morbidities like COPD ASTHMA POST
CABG.

3. Pregnancy.

Results

Sample size of the present study was 20 (N=20). Age ranged
between 20 years to 70 years. Male to female ratio was 9:1. That
is 18 males to 2 females. Left sided limbs were more involved
than to right in a ratio of 55% left to 45% right. Tibial fractures
constituted 65% and femur fractures constituded 35%. Thirty
percent of patients presented as chronic osteomyelitis and rest
60% presented as infected nonunion.

The average duration for achieving bony union was around
5 months (20 weeks). Minimum duration for bony union was
around 4 months (16 weeks). Maximum duration for bony
union was around 7 months (28 weeks), Average duration for
control of infection in case of chronic osteomyelitis was around
4 months. Minimum duration for control of symptoms was 5
months. Maximum duration for control of symptoms was 7
months (Table 3). One patient did not achieve union and two
patients achieved union in spite of sustained infection. Example
of a case of infected non union both bones leg treated with anti
biotic nail given in (Figure 1).

Table 3: Time at which union achieved.

Time in months Number | Percentage
2 months - -

3 months 08 40%

4 months 03 15%

5 months 09 45%

Figure 1: a): Infected non union both bones left leg pre-op; b): 12 weeks
post-op.

| J/

Discussion

Paley et al. in 2002 first used intramedullary rods coated with
antibiotic cement to treat osteomyelitis in their series of 9 cases.
Though union was not achieved, the infection was controlled
in all cases with no recurrence [1]. The mean age of patients
in present study was 39. This was comparable with the study
population of Bhatia et al (mean age 39 years). The highest
incidence of nonunion was in the patients of age 25 years to 40
years followed by age around 55 years [2].

The reason being most of their patients sustained compound
fractures (13 patients) and most of them have Gustilo type IlIB.
It accounts for nearly 50%. These compound fractures were
more prone to infected nonunion and chronic osteomyelitis.

Present study population consisted of patients with bone defect

of less than 2 cm. Shyam et al. in their study divided the patients
into three groups based on the bone defect and mentioned that
antibiotic nailing is effective in achieving the union with control
of infection with bone defect of less than 4 cm. In between 4 and
6 cm, the technique was effective in controlling infection but
not union. They opined that in case of bone defect of more than
6 cm, it is better to go for distraction osteogenesis by llizarov
technique [3]. May et al. classified treatment by gap nonunion
less than 6 cm and more than 6 cm group and obtained similar
results [4]. In the present study patients had bone defect of
around 2 cm and thus union was achieved in all cases.

With the present study, antibiotic cement impregnated nailing
was used as an index procedure in 3 cases for infected fractures.
For rest, the index procedure was either regular nailing and
external fixator. Schmidmaier et al used gentamycin coated
IM nail in 51.5% of his study population. Their study included
only 21.2% compound fractures. Union was achieved in 71.2%
population and nonunion was seen in 4.5% patients. This was
the first study to conclude the use of antibiotic coated nail in
prophylaxis of deep SSI [5].
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Bony union was achieved in 13 out of 14 cases in our study.
This was comparable with many other studies. Thonse et al
achieved 84% bony union in their study of 52 patients, which
was the largest study on antibiotic cement coated interlocking
intramedullary nail for infected nonunion. In their study the
union was around 73.1% of patients [6]. But Bhaitia et al. could
achieve only 60 % of bone union. They used antibiotic coated
K nail instead of ILN [2]. Shyam et al. studied the efficacy of
infection control in infected nonunion using antibiotic cement
coated interlocking nail and achieved union in 3 of 25 patients
using antibiotic cement coated interlocking intramedullary
nail alone [3]. Saravanan et al. achieved union in 23 out of 25
patients out of which 20 patients had union with antibiotic
cement coated K nail.

Infection control was achieved in 4 of 6 patients. So, the
percentage of infection control is around 66.6% [7]. Thonse
et al. reported 85% of infection control in the year 2008 of his
study [6]. Shyam et al reported that use of antibiotic cement
coated nailing achieved infection control better than union
even in defect nonunion of up to 6 cm bone loss. Infection
was controlled in 80% of population. But union was achieved
in patients with bone defect of more than 6 cm only by use of
ilizarov technique [3].

Perhaps the most famous study conducted on antibiotic
cement coated intra medullary spacers was done by Paley et al.
in 2002, which is the first study to report the use of fabricated
intra medullary spacers and they achieved control of infection in
all 9 patients. These antibiotic coated rods act as intra medullary
spacers filling the dead space and eluting antibiotic maintaining
higher concentration locally even up to 36 weeks and providing
stability at the same time. A combination of vancomycin and
tobramycin was used in their study [1]. Bhatia et al. achieved
95% infection control using vancomycin and teicoplanin.

Konstantinos Anagnostakos et al. recommended certain
combinations of antibiotics with PMMA cement depending

Table 4: Recommendations for antibiotic impregnation of acrylic bone cement.

Pathogen Antibiotic Combination

Methicillin-susceptible
S.aureus

0.5 g gentamicin+2g
vancomycin

Methicillin-resistant S.
aureus

0.5 g gentamicin+2g
vancomycin

Methicillin-susceptible
coagulase-negative
Staphyloccoci

0.5 g gentamicin+2g
vancomycin

Methicillin-susceptible 1ggentamicin+1g

coagulasenegative clindamycin + 2 g vancomycin
Staphyloccoci
Enterococci 0.5 g gentamicin + 2
g vancomycinor 0.5 g
gentamicin + 0.8 g teicoplanin
E. coli 0.5 g gentamicin+ 2 g

cefotaxime

Pseudomonas aeruginosa 0.5 g gentamicin+2g
cefotaxime or 0.5 g gentamicin

+ 2 g meropenem
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on the authors experience and the recommendations of the
manufacturers advise [9]. A list of cauasative organisms and the
antibiotic combinations with PMMA cement were given in the
Table 4.

The addition of second antibiotic increases the elution of both
the antibiotics. This is defined as passive opportunism [10].

The average duration of bony union in the present study was
about 20 weeks and that for control of symptoms was around
16 weeks. This was in accordance with other studies. Bhatia et
al. showed 32 weeks as an average duration of bone union [2].
Saravanam et al showed 26 weeks for tibia and 24 weeks for
femur [7]. Han et al. showed union times of 26.4 weeks for tibia
and 31.5 weeks for femur. All studies report an average time
union of around 5 to 8 months [8].

ASAMI criteria were used to assess the bone and the
functional outcome in the present study. The bone criteria
were excellent in 12, good in 6 and poor in 2. Similarly, the
functional outcome by ASAMI criteria was excellent in 12, good
in 6 and poor in 2 patients. The above results suggest that the
infection control and bony union can be achieved much early
and by cost effective methods using antibiotic impregnated
cement coated intramedullary nailing that has been agreed
on to by various authors based on their result as cited above.
Newer advancements in antibiotic cement coated interlocking
intramedullary nail like MRI compatible carbon fiber antibiotic
cement coated interlocking intra medullary nail has been used
to see the progress of osteomyelitis using imaging techniques
based on the excellent results achieved in various studies.

Conclusion

The biggest advantage of the antibiotic nail is that both the
union and the infection can be addressed at the very same time.
Single staged antibiotic nailing technique provides good results,
lessens the duration of hospital stay, reduces the morbidity in
infected nonunion of long bones with defect less than 2 cm. In
patients with defects more than 4 cm antibiotic cement coated
nailing can control the infection but to a lesser extent the
nonunion. Thus, to say finally antibiotic impregnated cement
coated intramedullary nailing is a very good and effective
treatment for infected nonunion and chronic osteomyelitis
long bones with bone defect less than 2 cm. In case of infected
nonunion, as the bone ends will be sclerosed, freshening of
ends and bone grafting is needed.
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