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An Interventional Study on Antibiotic Cement-coated Nails 
and Cement Beads in the Management of Infected Nonunion 
of Long Bones
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Ab s t r Ac t 
Background: The present study was aimed to assess the efficacy of antibiotic cement-coated nails and cement beads among the cases of 
infected nonunion of long bones.
Materials and methods: This prospective interventional study was conducted among the cases admitted in the emergency and outpatient 
department of Orthopedics in Patna Medical College and Hospital, Patna, with infected nonunion of long bones, during the month of June 
2010 to August 2012. All cases with an infected nonunion of extremities with implants were included. A total of 44 cases were included. Data 
analysis was done using SPSS version 17.
Results: In this study, out of 44 infected nonunion, 40 were cured of infection, 3 cases had occasional discharge, and 1 case had a continuous 
discharge. Secondary procedures were done for the 40 cured cases and among them, 37 showed complete achievement of union, and 3 cases 
had occasional discharge and no case had a continuous discharge.
Conclusion: The use of antibiotic cement-coated nails and cement beads among the cases with infected nonunion of long bones significantly 
reduced the requirement of a further surgical procedure like debridement of the wound site.
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In t r o d u c t I o n 
In the past decades, the incidence of infected nonunion shows 
a steady increase due to a high rate of trauma from road traffic 
accidents, industrial injuries leading to open fractures, postoperative 
infection following open reduction and internal fixation (ORIF), and 
injurious use of antibiotics resulting in resistant strains of bacteria 
when compared with past when chronic osteomyelitis was the 
major cause of infected nonunion.1

Causes of infected nonunion are usually inherent to the 
fracture, like an open wound, loss of soft tissue or bone, severe 
comminution and gross displacement, vascular compromise, 
deep-seated infection at fracture area, periosteal stripping, etc.2 In 
infected nonunion, secondary infections are common and multiple 
organisms may grow from cultures taken from sinus tracts and open 
biopsy specimens of surrounding soft tissue and bone.

Traditionally, the treatment strategy has been a two-staged 
procedure. The first stage was to control infection that occurred 
at the fracture site and the second stage involved procedures to 
achieve bone union. The control of infection requires repeated 
debridement, intravenous antibiotics3 along external stabilization. 
Once the infection has been eradicated secondary procedures like 
the opening of the medullary canal, freshening of fracture ends, 
proper reduction of the fracture, internal or external stabilization, 
and cancellous and/or cortical bone grafting are done to achieve 
union at the fracture site.

Buchholz and Engelbrecht4 reported that penicillin, erythromycin, 
and gentamicin incorporated into the cement used to attach total 
hip joint prostheses, diffused out into surrounding tissues over a 
period of months, thereby providing prolonged concentrations of 
local antibiotic. Klemm5 used gentamicin-impregnated cement into 

beads and used these to temporarily fill in the dead space created 
after the debridement of infected bone.

Single-staged procedures such as debridement and application 
of Ilizarov fixator6,7 or use of antibiotic cement-impregnated 
intramedullary nails (ACIINs)8,9 have been described. The Ilizarov 
ring fixator has been used after debridement for bone transport 
or corticotomy distraction after acute docking. This procedure is 
technically demanding and has significant complications and is 
best suited for large segmental bone defects6,7,10,11

Antibiotic cement-coated nail and antibiotic cement beads 
are considered as one of the options for treating the infected long 
bones and also provide better stability to the injured long bone.8,9 
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Use of antibiotic cement-coated nail can allow early weight-bearing 
and also it reduced the complications associated with fixator, such 
as infection of the pin tract, stiffness of the joints, etc. Hence, this 
study was conducted to assess the efficacy of antibiotic cement-
coated nails and cement beads in cases of infected nonunion of  
long bones.

MAt e r I A l s A n d Me t h o d s 
This prospective interventional study was conducted among the 
cases admitted in the emergency and outpatient department of 
Orthopedics in Patna Medical College and Hospital, Patna with 
infected nonunion of long bones, during the month of June 2010 
to August 2012. All cases with an infected nonunion of extremities 
with implants in situ were also included in the study. Patients with 
non-infected nonunion, open physis, infected nonunion with bone 
gap >4 cm after debridement, and patients with diabetes mellitus, 
tuberculosis, and HIV were excluded from the study. Hence, a total 
of 44 cases were included in this study.

The study was approved by the ethical committee of this 
institution. Informed consent was obtained from the patients, 
before starting the study. A thorough history was taken to 
determine if the patient has a history of allergy to antibiotics so 
that those antibiotics were not used when mixing it with the bone 
cement. The evaluation of intraoperative culture and sensitivity 
results guides the selection of the appropriate postoperative 
intravenous antibiotics.

Preoperative radiographs were taken which helps the operating 
surgeon to assess the size of the intramedullary nail needed.

The length of the intramedullary nail is determined as follows:

• For K-nail–from the tip of the greater trochanter to the upper 
border of patella plus 2 cm.

• For V-nail from the tip of the upper end of the fibula to medial 
malleolus minus 2 cm.

• The diameter of both K-nail and V-nail is selected 2 mm less than 
the maximum size reamer used as a further 2 mm is makeup by 
the coating of cement.

All patients were administered 3 weeks of intravenous 
antibiotics and 3 weeks of oral antibiotics based on their culture 
and sensitivity reports.

Procedure
After selecting the patients based upon the aforesaid criteria, the 
patients were taken for operation after proper counseling and pre-
anesthetic check-up if needed. Implant removal was performed 
first. The sinus tracts were injected with methylene blue and were 
excised till the bone. The fracture site was opened and radical 
debridement was performed with excision of the infected bone end, 
scarred soft tissue, and granulation tissue. The intramedullary canal 
was reamed to the size 2 mm more than the previous nail size or till 
the fresh bleeding bone was reached. The reaming and granulation 
tissue was sent for culture and sensitivity tests. The wound and 
entire medullary canal were cleaned with 4–5 L of normal saline. 
Once debridement was completed, the instruments that were 
used for the dirty portion of the procedure were removed and the 
patient’s limb was prepared again and draped. The surgeon and 
the rest of the operating team change all gowns and gloves. The 
clean portion of the procedure then begins, usually by the surgeon 
inserting the antibiotic cement-coated nail.

Antibiotic impregnated cement-coated nail was prepared, 
K-nail for the femur, V–nail for tibia, K-wire for the humerus, and 
radius was used. We used 2 g of vancomycin and 2 g of gentamicin 
for every 40 g of bone cement. A higher mix ratio will alter the 
settling property as also the handling property. An intramedullary 
nail size 2 mm less than the largest reamer size used, with a 7- or 
8-mm nail was used most commonly. Manual mixing of cement 
was performed and cement was applied to the nail in a uniformed 
fashion. The eye of the nail was kept open for easy removal of the 
nail. Uniform width was achieved by repeatedly passing it from 
the nail width measuring scale. A fairly smooth surface is obtained 
by manually rolling and repeatedly checking of width by passing 
through nail width measuring scale. The nail was kept for 15 minutes 
in the air for evaporation of monomer.

For beads–the mixture of antibiotic and PMMA and 
methylmethacrylate is molded or rolled to 3–10 mm spheres 
and then strung on to S–S wire no. 20. Antibiotic impregnated 
cement-coated nails and beads were used for infected nonunion. 
Retrograde insertion of the nail was done through fracture site 
for the femur and antegrade insertion for the tibia. In cases with 
bone defects, approximation of bone ends was attempted. In 
cases where the fracture site was opened antibiotic-impregnated 
cement beads were left. Wound cleaning was done and closed in 
a layer without drain.

Postoperative Protocol
Removal of stitches was done on the 14th postoperative day. 
Gentle joint mobilization exercises and muscle strengthening were 
begun as soon as the cases were comfortable and as tolerated. 
Gradual weight-bearing generally was given after >2 cortex union 
achieved. All the cases were followed up at 2, 4, 12, 24 weeks, and 
then 4 weekly for a minimum period of 2 years. Cement beads 
and nails were removed after 6–12 weeks. Union is assessed by 
using Stans et al. scale.12 The patient were evaluated clinically and 
radiographically using Stans et al. scale for grading callus formation 
as a useful indicator of fracture healing (Table 1).

Data analysis was done using a statistical package for social 
sciences (SPSS)–17.

re s u lts 
In the present study, the majority of the study participants 
were in the age group of 36–45 years and the proportion of 
male participants was comparatively slightly more than female 
participants. The open fracture was the commonly reported 
fracture followed by closed fracture and pathological fractures. 
Also, the femur was the commonly affected bone followed by the 
tibia, humerus, and radius. Methicillin-resistant Staphylococcus 
aureus (MRSA) was the common organism isolated followed by 
Pseudomonas, Escherichia coli, and Klebsiella. In the present study, 

Table 1: Grading of callus formation

Grade 0 No identifiable fracture healing
Grade I Primary bone healing with little or no periosteal new 

bone formation
Grade II Periosteal new bone formation on two sides of the 

bone 
Grade III Periosteal new bone formation on three or four sides 

of the bone
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90.9% of cases had complete eradication of infection, 6.8% of cases 
had occasional discharge, and 2.3% of cases had continuous wound 
discharge (Table 2). Secondary procedures were done for the 40 
cured cases and among them, 37 showed complete achievement 
of union, and 3 cases had occasional discharge and no case had 
a continuous discharge. Thus, the outcome after the second 
procedure was 92.5% of cases had complete healing and 7.5% of 
cases had occasional wound discharge (Table 3).

dI s c u s s I o n 
Complete debridement, firm fixation, and the use of high-dose 
antibiotics are the recommended treatment for infected nonunion 
of the long bone.1,6,13,14 Several procedures have been tried for the 

better management of the same and intramedullary devices were 
used in both primary and secondary stages of infection control8,9 
and bone healing,15 respectively, with remarkable outcomes.16

Sinus tract culture reports were negative in some of the 
studies, where they reported it to have poor diagnostic efficacy.17–19 
Intramedullary infection is the cause for the nonunion of 
the fracture is the common complication of ORIF either by 
intramedullary nailing.20 Open fractures have a higher incidence 
than closed fractures treated with intramedullary nailing.20,21 Our 
series had 20 cases of infected nonunion of which 56.8% of cases 
had an open fracture, 27.3% of cases had closed fractures, and 15.9% 
of cases had a pathological fracture due to chronic osteomyelitis at 
the time of initial injury. At the time of presentation, all the cases of 
nonunion were due to postoperative infection except one which 
was pathological fracture due to chronic osteomyelitis. May et al.22 
classified bone defect into <6 and >6 cm, while Jain and Sinha13 
proposed a classification of the defect into <4 and >4 cm. We do 
not include the cases having bone defects >4 cm, which may be 
the reason for the good outcome of our study.

In this study, in most of the cases organism isolated from 
culture and sensitivity report of granulation/necrotic tissue 
obtained during debridement was MRSA, which was found to be 
reported in 59.1% of cases followed by Pseudomonas in 22.7%, E. 
coli in 15.9%, and Klebsiella in 2.3% of cases. These findings were 
compared with the findings of Shyam et al.23 who reported that 
out of 25 cases, Staphylococcus aureus was found in 22 cases. 
The available studies thus show that MRSA is the most common 
causative organism of infected nonunion. Thonse and Conway24 
reported that MRSA was found in 57.69% of cases followed by 
other bacteria. The important part of this study is to analyze the 
prime role of the antibiotic cement-coated nails and cement beads 
in the control of infection. In this study, a total of 44 cases were 
treated with antibiotic cement-coated nails and cement beads, at 
first thorough debridement done and antibiotic cement-coated 
nail inserted intramedullary and antibiotic cement beads under 

Table 2: Characteristics and outcome after the first procedure

Frequency Percentage 
Age groups
 16–25 years 09 20.5
 26–35 years 13 29.5
 36–45 years 22 50
Sex
 Male 24 54.5
 Female 20 45.5
Side affected
 Right extremity 25 56.8
 Left extremity 19 43.2
 Type of fracture
 Open fracture 25 56.8
 Closed fracture 12 27.3
 Pathological fracture 07 15.9
Bone affected
 Femur 23 52.3
 Tibia 16 36.4
 Humerus 03 6.8
 Radius 02 4.5
Organism isolated
  Methicillin-resistant Staphylococcus 

aureus
26 59.1

 Pseudomonas 10 22.7
 Escherichia coli 07 15.9
 Klebsiella 01 2.3
Outcome
 Complete eradication of infection 40 90.9
 Occasional discharge 03 6.8
 Continuous discharge 01 2.3
Time taken for complete healing (weeks) (N = 40)
 4–6 weeks 20 50
 6–8 weeks 15 37.5
 8–10 weeks 03 7.5
 10–12 weeks 02 05
Grading of callus formation
 Grade 0 04 9.1
 Grade I 15 34.1
 Grade II 19 43.2
 Grade III 06 13.6

Table 3: Outcome after the second procedure

Secondary procedure Frequency Percentage
Exchange nailing 18 45
Illizarov fixator 09 22.5
Orthofix 06 40
Plating with bone graft 07 17.5
Outcome after the secondary procedure
Achieving union 37 92.5
Occasional discharge 03 7.5
Time taken for complete healing (weeks) 
(N = 37)
28–38 weeks 10 27.0
38–48 weeks 11 29.7
48–58 weeks 06 16.2
58–68 weeks 05 13.5
68–78 weeks 03 8.1
78–88 weeks 01 2.7
88–98 weeks 01 2.7
Complications 
Joint stiffness 10 25
Cement nail rebonding 06 15
Shortening 06 15
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subcutaneous tissue overlying fracture site, and skin was closed 
primarily without drain in 70% of cases (the cases includes open 
fracture and pathological fracture) and in remaining 30% of cases 
only antibiotic cement-coated nail was used and an incision was 
closed primarily without drain.

In the present study, we found that out of 44 cases, 40 cases 
(90.9%) were completely cured of infection, 3 cases (6.8%) had 
occasional discharge, and 1 case (2.3%) had a continuous discharge. 
The mean duration of infection control was 7.4 weeks. Thonse 
and Conway24 had studied antibiotic cement-coated interlocking 
nails for the management of infected nonunions and segmental 
bone defects in cases of infected nonunion with bone defects in 
20 patients. They reported infection control in 95% of their study 
participants. A study conducted by Shyam et al.23 reported that 
all their study cases achieved infection control by using antibiotic-
coated nails. From these studies, an inference can be made that 
antibiotic cement-coated nails and cement beads are very effective 
in controlling infection at the fracture site in cases of infected 
nonunion with bone defect <4 cm.

In the present study, we achieved infection control in 40 
patients (90.9%). Among them, additional procedure in the form 
of exchange nailing with the interlocking nail was done in 18 
cases, Ilizarov fixator in nine cases, orthofix in six cases, and plating 
with bone graft was done in seven cases. After which union was 
achieved in 37 cases (92.5%) out of 40 cases. The mean time for 
the radiological union was 43.6 weeks. The remaining three (7.5%) 
cases in which we did not achieve union were required additional 
debridement, curettage, and refixation with bone grafting but 
the result of these additional procedures was not possible to add 
in this study because of the short duration of the study. This study 
shows that antibiotic cement-coated nails were very effective in 
controlling infection in cases of infected nonunion but could not 
provide absolute stability to fracture so additional surgery was 
done to achieve bony union.

The limitation of our study is that we had selected cases with 
bone defects <4 cm only and we had not used cement-coated 
interlocking nails in our study.

co n c lu s I o n 
At the end of our study, we conclude that infected nonunion of 
long bones can be best treated with the use of antibiotic-coated 
intramedullary nails and cement beads. Also, it reduces the 
requirement of wound debridement and provides better stability 
to the fracture. Duration of control of infection in such cases can 
be drastically reduced with help of these methods. In some cases 
without significant bone defects, we can achieve bony union 
without the need for secondary procedures. Secondary procedures 
are generally needed to achieve osseous union.
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