
Learning Point of the Article:
Sustained local concentration of anti-microbial substance can potentially mitigate deep infections in open fractures of tibia and a careful 
selection of appropriate anti-microbial may not endanger bone union.

A Study on the Outcome of Antibiotic Eluting Intramedullary Interlocking 
Nails in the Primary Fixation of Gustilo and Anderson Grades II and IIIA 
Open Fractures of Tibia
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Introduction: The incidence and outcome of infection in open tibial fractures is adequately recorded in literature. The aim of this study is to find 
out the deep infection rate, union rate, and functional outcome of open tibial fractures managed by prophylactic antibiotic eluting interlocking 
nail.

Conclusion: Our study shows good radiological and functional outcomes with prophylactic antibiotic-coated nailing of open tibial fractures of 
Grades II and IIIA. The rate of deep infection is 5% and union rate is 100% in our study. Further comparative studies are required for drawing 
more conclusions on application of the results in clinical practice.

Results: The outcomes were assessed using lower extremity functional scale and radiological union scale in tibial fractures both of which showed 
maximum improvement in initial 3 months followed by a steady improvement till 1 year with a good degree of correlation between the two scales. 
The total incidence of deep infection in this study was 5% (n = 1). All cases achieved union and independent ambulation by 1 year.

Methodology: A total of 18 patients with 20 open tibial fractures who met the study criteria were included and followed up for a minimum of 1 
year after surgical intervention. Reamed intramedullary interlocking nailing with antibiotic eluting nail was done followed by adequate skin 
cover.

Keywords: Local antibiotic prophylaxis, open tibia fracture, antibiotic eluting implant, antibiotic-coated nail, tibia fracture, deep infection, 
interlocking nail, gentamycin coating, level of evidence: IV.

Abstract

Case Series

Introduction

It was always thought to be mandatory to do a thorough surgical 
wound debridement within 6 h of injury [3]. However, a few 
recent studies have proven that there is no statistically 

significant difference in the incidence of infection in open 
fractures debrided surgically before or after 6 h [4].Incidence of open fractures of long bones varies around 11.5 per 

lakh population per year. The incidence of open fractures of 
tibia is around 23.5% of all tibial fractures per year and 
comprises 0.2% of all injuries per year [1]. The risk of infection 
in an open fracture increases with increasing severity of injury 
on the Gustilo and Anderson grading system from <2% in 
Grade I to almost 50% in Grade III open fractures [2].

In a large study, study to prospectively evaluate reamed 
intramedullary nails in tibial shaft fractures, which included 

A systematic review of multiple earlier studies concluded that 
antibiotic treatment reduces the incidence of infections in open 
fractures [5, 6]. The current recommendations for the 
management of open tibial fractures up to Grade III A are based 
on performing a thorough surgical debridement in stages as 
required, primary intramedullary nailing and immediate soft-
tissue repair [7].
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All non-consenting patients and those with other fracture 
grades than those mentioned above and patterns such as 
metaphyseal fractures involving proximal and distal 5 cm of 
tibia, pathological fractures, those with pre-existing deformities 
precluding nailing, and those with associated severe chest 
injury and severe polytrauma patients were excluded from the 
study.

The aim of this longitudinal follow-up study is to assess the 
clinical, radiological, and functional outcome in patients of 
open tibial diaphyseal fractures treated by antibiotic eluting 
intramedullary interlocking nail. For the purpose of this article, 
the words “antibiotic coated” and “antibiotic eluting” have been 
used interchangeably.

To mitigate the morbidity due to deep infection, newer 
generation of biofilm-resistant implants is being investigated. 
Implants coated with broad-spectrum antimicrobials against 
potential colonizers appear to be one logical solution [9, 10, 
11]. The antimicrobial eluting implants are recently becoming 
popular in research [12, 13]. A few studies that investigated the 
use of antibiotic-coated nails in open tibial fractures reported 
initial positive results [14, 15, 16].
A recent study published in 2017 [17] on the resource and cost 
consequences of using antibiotic-coated intramedullary nails 
compared to non-coated nails in open tibia fractures across four 
European centers concluded that using the antibiotic-coated 
implant in patients with high risk of infection (GAIII) was cost 
saving.

A prospective longitudinal follow-up study was conducted on 
18 consecutive patients with 20 tibial fractures attending this 

tertiary care orthopedic center between October 2016 and 
December 2018. All the patients were followed up for a 
minimum of 1 year after surgical intervention. Clearance was 
taken from the Institutional Ethical Committee before the 
conduct of the study.

1226 participants, they observed that there is no significant 
difference in infection rate between reamed and unreamed nails 
in the open fracture group [8].

Methodology

Inclusion criteria
Patients aged between 18 and 65 years with open diaphyseal 
tibial shaft fractures of GA Grades II and IIIa and presenting 
within 72 h of injury.

Exclusion criteria

Sample size calculation

Eighteen consecutive and consenting patients with 20 tibial 
fractures visiting this trauma center after applying the inclusion 

The sample size was is calculated with an assumed deep 
infection rate of 5% in open tibial fractures Grades II and IIIA 
based on earlier studies and an expected margin of error (d) of  ± 
10% and confidence interval of 95%.
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Figure 5: Proportion of improvement in mean 
lower extremity functional scale and radiological 
union scale in tibial fractures score with time.

Figure 2: Mean lower extremity functional scale 
score with 95% CI error bar.

Figure 3: Mean radiological union scale in tibial 
fractures score with 95% CI error bar.

Figure 4: Correlation between lower extremity 
functional scale and radiological union scale in 
tibial fractures.

Fi g u r e  1 :  Frac t u re  patter n  a s  p er  AO 
classification.

Figure 6: Immediate post-operative X-rays showing fracture 
pattern and Grade II open wound.

Figure 7: Intraoperative image at 3 months showing healed original wound and I&D 
over locking sites.



and exclusion criteria were taken up for the study. Once the 
general condition is stabilized, the patients were planned to be 
taken up for surgery as early as possible. All participants were 
started on systemic intravenous antibiotics with a first-
generation cephalosporin and an aminoglycoside at the time of 
initial presentation.
Al l  par ticipants were managed by thorough wound 
debridement done either as a one step or as a staged procedure. 
All fractures were fixed by antibiotic eluting intramedullary 
interlocking nail at index surgery (Ossipro Gentamicin Eluting 
Nails manufactured by Matrix Meditec Pvt. Ltd., India).
Adequate skin cover was achieved in all cases either by primary 
closure or by one of the various methods of skin grafting as 
decided by a specialist in reconstructive surgery. All other 
factors including period of immobilization, weight-bearing, and 
period and type of adjunctive physiotherapy and other 
therapies were kept similar in all participants. Patients were 
followed up at 6 weeks, 12 weeks, 6 months, and 12 months 
from the date of surgery.

Outcome measure
1. Functional outcome was measured using lower extremity 
functional scale (LEFS). It is a widely used validated scale for 
lower extremity musculoskeletal function. The LEFS is reliable, 

and construct validity was supported by existing literature. The 
sensitivity to change of the LEFS in the study by Binkley and 
Stratford was superior to that of the SF-36 which is a more 
elaborate assessment tool. The minimal clinically important 
difference (MCID) is 9 scale points (90% CI) [18]. Pre-injury 
scoring was done retrospectively before surgery. Follow-up 
scoring was done at 6 weeks, 3 months, 6 months, and 1 year 
after surgery

3. For the purpose of this study, discharge from the 
wound/surgical site at any point after surgery was considered 
positive for surgical site infection. Development of infection in 
deeper layers such as fascia and bone requiring intervention 
such as removal of implant was considered positive for deep 
infection/implant related infection.

2. Radiological outcome was measured using radiological union 
scale in tibial fractures (RUST). The RUST scale is a validated 
tool for the assessment of union of tibial fractures with an 
intraclass correlation (ICC) of 0.75 (95% CI) in a study by 
Leow et al. It is a simple and powerful tool for scoring tibial 
fracture union objectively [19]. A study conducted by 
Fernando et al. shows that there was a significant interobserver 
agreement with ICC of 0.87 (95% CI 0.81–0.91) and 
intraobserver agreement with ICC of 0.88 (95% CI 0.85–0.91) 
[20]. Radiographic union was defined as union of at least 3 out 
of 4 cortices on plain X-ray which corresponds to a RUST score 
of more than 9. The same criteria were applied to define 
radiographic union in this study

Results

The data were analyzed by paired Student’s t-test. Functional 
and radiological outcome at different time points was 
compared. Pearson correlation coefficient was calculated 
between functional and radiological outcomes at different time 
points. P < 0.05 was considered statistically significant. SPSS, 
version 24.0 software was used for analysis.
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Figure 8: Post-operative X-ray at 6 months showing 
progressive union.

Figure 9: Post-operative X-ray at 1 year showing 
union. Figure 10: Post-operative clinical photograph at 1 year.

Parameter Our study
Metsemakers 

et al . [14]

Fuchs et al . 

[16]

Sample size 20 16 19

Participants
Primary acute 
fracture cases 

only

Acute fractures 

+ old non-

unions

Complex 

fractures and late 

revision cases

Antibiotic eluted Gentamycin Gentamycin Gentamycin

Rates of infection One case (5%) Nil Nil

Non-union Nil
Four cases 

(25%)
Nil

Table 1: Comparison of earlier studies from literature
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Management

Injury characteristics

The pre-injury mean LEFS score was 74.20. There was a 
statistically significant improvement in the LEFS score at each 
point of the review. The mean LEFS score was 39.22 at 6 weeks 
which improved to 51.20 at 3 months and 69.65 at 1 year, as 
shown in (Fig. 2). Most of the average improvement in LEFS 
score occurred in the first 3 months, as shown in (Fig. 3), 
followed by a steady and statistically significant improvement at 
all points of review (P < 0.0001). On translation to clinical 
importance, significant improvement in score by more than 
MCID of 9 points (as per Binkley and Stratford study [18]) 
occurred from 6 weeks to 3 months and from 6 months to 1 year 
(mean difference > MCID of scale). However, the clinical 
improvement from 3 months to 6 months may not be clinically 

significant (mean difference < MCID of scale). Overall 
improvement in the scale was clinically significant (mean 
difference from 6 weeks to 1 year is 30.43 score points). The 
final LEFS mean score at 1 year did not reach the level of pre-
injury mean score. All cases were independent ambulators at the 
end of 1 year. However, a majority (55%, n = 10) of them were 
not able to participate in recreational sports activities by the end 
of 1 year.
Similarly, considering a RUST score of 0 at the time of acute 
fracture, the mean score improved to 5.95 by 6 weeks, to 7.85 at 
3 months, and to 10.80 at 1 year, as shown in (Fig. 4). Most of 
the average improvement in RUST score occurred in the first 6 
weeks, as shown in (Fig. 3), followed by a steady and statistically 
significant improvement at all points of review (P < 0.001). 
Clinically, all the fractures were united by 1 year and all the 
patients were independent ambulators by this time. The 
correlation factor between the LEFS and RUST scores was 
0.497 at 6 months and 0.711 at 1 year, as shown in (Fig. 5).

All the cases were reamed before nailing and the maximum 
diameter of the intramedullary nail was used. All the cases were 
given a minimum of 72 h of prophylactic antibiotics. Except the 
two bilateral fracture cases (n = 4 or 20%), the remaining 80% of 
the cases (n = 16) were ambulated with help of support before 
discharge from hospital.

The mean age of patients included in this study was 40.3 years 
and median age of 35.5 years (range 20–60 years). About 72% of 
the study population (n = 13) were male and 28% (n = 5) were 
female.

Demographic profile

The mode of injury was road traffic accident in 65% of fractures 
(n = 13). The most common fracture classification was AO-
42B2 (30% or n = 6) and AO-42B3 (30% or n = 6) on the 
AO/OTA classification system, as shown in (Fig. 1). There 
were 15 cases (75%) of Gustilo and Anderson Grade II fractures 
and 5 cases (25%) of Grade IIIA fractures included in this study. 
None of the associated injuries precluded the surgical 
management.

Infection in orthopedics has always been a difficult domain to 
manage. It may not be possible to completely eliminate 
infection in open fractures at this time. However, research is in 

There was one case of deep infection in a case of Grade II open 
fracture whose immediate post-operative photograph and 
radiograph is shown in (Fig. 6). The patient had persistent 
discharge from the wounds over interlocking bolts at 6 weeks 
after surgery. The original open wound had healed. Initially, the 
wound culture was negative and the patient was managed by 
local wound lavage at 6 weeks. However, the discharging sinus 
persisted which tested positive for Staphylococcus spp. 
sensitive to aminoglycosides. At 3 months, the patient was 
managed by debridement and removal of locking bolts. The 
intraoperative image, as shown in (Fig. 7), shows healed 
primary wound and incision and drainage of locking bolt sites 
along with bolt removal. The case went on to further 
improvement. No discharge was noted at 4 months and 
progressive union of fracture was noted in subsequent visits, as 
shown in (Fig. 8), which shows status of union at 6 months. The 
fracture was clinically and radiologically united (RUST score of 
11) at 1 year, as shown in (Fig. 9) (radiographs) and (Fig. 10) 
(clinical photographs). Thus, in this study, the incidence of 
implant related/deep infection is 5% (n = 1).

Outcome measurements

Discussion

Definitive fixation was done in all cases at the index surgery. 
About 85% of the cases (n = 17) had to undergo a single 
debridement at the index surgery. Three cases (15%) had to 
undergo two serial debridements spaced at 48–72 h before final 
skin closure.

There were 2 cases (10%) of superficial surgical site infection, 
one of which was Grade II open injury and other was Grade IIIA 
open injury. Both cases had mild serous discharge in the initial 
weeks after surgery. They were managed by local wound wash 
without opening the deeper layers or exposing the implant. 
Both cases had no discharge at subsequent review points.Primary closure of open wound was achieved in 80% of the 

cases (n = 16), whereas a delayed primary closure was obtained 
for skin in one case (5%). One case (5%) with a small defect was 
left to heal by secondary intention. Two cases (10%) had to 
undergo split skin grafting to cover the skin defect.



This study recommends more research be done on the 
development of reliable technology for coating of antimicrobial 
substance on the implants which will have a predictable and 
favorable elution pattern. Furthermore, the right choice of 
antimicrobial substance to be coated needs to be addressed. 
Large-scale comparative studies and randomized controlled 
trials are needed to be done to recommend routine use of 
antibiotic-coated nails in open tibial fractures at this time.

There may be multiple factors leading to loss of antibiotic 
elution from the locking bolts. One such could be the friction 
during insertion with radial preload. Further studies are needed 
in this aspect to elaborate whether the procedure of 
instrumentation and handling has any effect on antibiotic 
elution. The point to note is that although there was a presumed 

medullary spread of infection initially, the nail was probably not 
colonized by the microbes. To comment that it is because of the 
antibiotic coating and elution is not possible with this limited 
evidence. Further larger studies are required for such 
conclusion to be made.

In our study, the standard design interlocking tibial nail coated 
with gentamycin by dip-coating method of manufacturing was 
used. It is manufactured by Matrix Meditec Pvt. Ltd., India. An 
aminoglycoside is a preferred antibiotic for local prophylaxis 
because of wide spectrum of activity, low incidence of 
antimicrobial resistance, and cost-effectiveness. The implants 
are coated completely with a layer of gentamycin over a carrier 
made of biodegradable poly(D, L-)lactide. The concentration 
of drug is 1 mg/cm2 surface area of nail. The process of dip 
coating ensures that both the outer and inner surfaces of the 
hollow nail are coated uniformly. The locking bolts are also 
treated in a similar manner. The initial antibiotic burst action is 
about 30–40% elution within 3–4 days followed by uniform 
release for next 4–6 weeks maintaining the local drug 
concentration above therapeutic level.

(Table 1) shows the comparison of outcomes from our study 
with other similar studies in the literature.Despite the revolution in design biomechanics and metallurgy, 

infection resistant implant is still an enigma. Earlier studies 
point out that coating the implant surface with a layer of 
antimicrobial which elutes locally for an initial period of time 
might reduce formation of biofilm and hence the infection rates 
[13].

progress on mitigating the incidence and severity of infections. 
The concept of biofilms, as such, is not new. It has been seen 
since the times of Anton Von Leeuwenhoek from the 17th 
century. The implication of biofilm was widely accepted after 
the name was coined and described by Donlan and Costerton 
[21].

In this study, all the fractures reached union status by the end of 
1 year. There was no significant difference in Grade II injuries 
when compared with Grade IIIA injuries in RUST score (10.91 
vs. 10.73) and LEFS score (69.51 vs. 70.07) at the end of 1 year.

Conclusion and Recommendations
There was no attrition of the participants. Although the 
contemporary literature has shown no deep implant-related 
infections, our study shows 5% rate of deep infection in our 
setting. Although it is reasonably arguable that there was no 
colonization of the nail despite presence of medullary spread of 
infection in the lone case of deep infection which healed 
uneventfully after locking bolt removal, it is immature to draw 
any conclusion at this point. The strength of this study lies in the 
fact that all the fractures had completely united by the end of 1 
year. Thus, the rate of union in this study is 100%. Nevertheless, 
this being an observational study with single intervention has its 
own limitations in inference. In future, larger comparative 
studies are needed to draw bold conclusions to reflect on clinical 
practice.

There was one case of deep infection that required removal of all 
locking bolts. Although the surgical team was initially inclined 
to exchange the complete implant, it was finally decided to do it 
in stages if required. The rationale was that the initial open 
wound had healed well and fracture is already showing evidence 
of progressive healing (RUST score at 6 weeks was 5 and at 3 
months was 7). The sinus discharge was from the locking bolt 
sites. Although the manufacturer claims antibiotic coating of 
the locking bolts also, the removal of the locking bolts led to 
uneventful subsidence of infection.

Clinical Message

Very few studies are available in existing literature on the use 
of antibiotic eluting implants in primary fixation of fractures. 
The concept of antimicrobial coating of implants is novel and 
is yet to find its place in the clinical practice. There are various 
aspects of this study that deserve mention. First, the incidence 
of deep infection is 5%, which is comparable to the other few 
available studies and it may be acceptable in open fractures 
considering higher potential for deep infection. Second and 
more importantly, all the fractures were united within 
expected time frame. Hence, one can infer that addition of a 
carefully chosen antimicrobial is probably not detrimental to 
bone healing. Third and finally, in the one case highlighted in 
this report, it could be inferred that the nail was probably not 
colonized. Such biofilm resistance can be explained by initial 
local concentration of drug achieved by reliable elution. 
However, this conjecture should be carefully interpreted at 
this time. The results can be considered preliminary and this 
study intends to trigger more clinical as well as basic science 
research in this domain.

www.jocr.co.inVignesh S & Ghai A
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