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Abstract 
Introduction: Compound lower limb fractures are prone to infections that cause significant 
morbidity, increased health care cost, duration of hospital stays, and occupational loss. Antibiotic 
coated intramedullary nailing is one of the effective methods in preventing implant related 
infection. This study was designed to assess the clinico-radiological and functional outcome of 
compound lower limb fractures treated with antibiotic intramedullary interlocking nailing.   
Material and Methods: Thirty-two cases with compound lower limb fractures between age group 
21 to 60 years belong to Gustilo grade I, grade II, grade IIIA and grade IIIB types were recruited. 
The antibiotic coated intramedullary nail was prepared by incorporating antibiotic bone cement, 
4g vancomycin and 80mg gentamycin. Postoperative follow up was done till six months and 
parameter like status of infection, status of wound, and radiological assessment of fracture union 
were assessed. 
Results: Road traffic accidents (68.75%) were common cause of fractures. Postoperatively, 9.37% 
reported superficial and 3.15% showed deep infection. In regard to clinical outcome, 50% fair, 
31.5% good and 15.62% excellent outcome recorded. The radiological outcome was good in 
62.5%, and excellent in 25%. The functional outcome was good in 43.75%, excellent in 31.25% 
and fair in 18.75%.   
Conclusion: Antibiotic coated intramedullary nail was safe, effective management option for 
compound tibial fractures with minimal deep infection rate. 
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This is an Open Access article that uses a fund-ing model which does not charge readers or their institutions for access and distributed under the 
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided original 
work is properly credited. 

Introduction 
Compound bone fractures and associated 
infections are major challenges for 
orthopedic surgeons [1]. Compound fractures 
result from high energy trauma mainly due to 
road traffic accidents [2]. It causes decreased 
mobility and increased incidence of 

infection. Deep wound infections related to 
bony fractures are associated with increased 
duration of hospital stay, morbidity and 
involves with higher costs [3]. The rate of 
infection is depending on the implant type 
and fracture severity.  
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Intramedullary nailing is the gold standard 
treatment choice for the open closed limb 
bone fractures due to its biological and 
biomechanical advantages. However, 
postoperative infection of intramedullary 
nailing is unusual, with a reported rate of 0.9 
to 3.8%. If not managed timely that was 
associated with osteomyelitis, physical 
disability, nonunion of fracture and systemic 
sepsis [4]. However, appropriate 
management after intramedullary nailing is 
unclear and controversial [5,6].  
Antibiotic coated implants are best in line to 
mitigate such infection [7]. A systemic 
review suggested that antibiotic treatment 
can mitigate the incidence of infections in 
open tibial fractures [8]. Few comparative 
studies on antibiotic coated and non-coated 
nails in the management of tibial fractures 
suggested that antibiotic coated implants are 
effective in reducing the incidence of 
infection and cost burden [9].  The present 
study was designed to assess the clinico-
radiological and functional outcome of 
compound lower limb fractures treated with 
antibiotic intramedullary interlocking 
nailing.   
Materials and Methods 
The present prospective study was conducted 
in the Department of Orthopaedics at MNR 
Medical College and Hospital, Sangareddy 
during March 2021 to August 2022. A total 
of 32 cases with compound fractures 
attending emergency of Orthopaedics 
department between age group 21 to 60 years 
were recruited. Cases with grade I, grade II, 
grade IIIA and grade IIIB types of compound 
fractures treated with antibiotic coated 
intramedullary nailing within 24 hours of 
injury were included.  
Cases with segmental fractures, limb and 
skeletal deformities, fractures associated with 
severe pathologic conditions and cases not 

willing to participate were excluded. Written 
informed consent was obtained from all the 
study participants and study protocol was 
approved by institutional ethics committee.  
According to ATLS guidelines, cases were 
resuscitated and fractures were graded as per 
Gustilo and Anderson classification. All the 
participants were subjected to necessary 
laboratory investigations. X-ray of anterio- 
posterior view and lateral view of fracture 
site of the limb was taken. After the 
anesthesiologist evaluation and procedure, 
wound debridement was performed till 
adequate exposure of the fracture site. The 
antibiotic coated intramedullary nail was 
prepared by incorporating antibiotic bone 
cement, 4g vancomycin and 80mg 
gentamycin by manual or using hand gun. 
Antibiotic coated intramedullary nail was 
inserted and fixed through jig and distal 
screws.  
In the postoperative management, routine 
antibiotics and periodic dressings were done 
till the patient discharge. Stitches were 
removed on 12th postoperative day. Static or 
dynamic quadriceps strengthening exercises 
and knee movement exercises were advised 
to start after surgery. Skin grafting was done 
depends on wound condition. The cases were 
followed up till 6 months after surgery. The 
routine laboratory investigations, status of 
knee and ankle pain, status of infection, status 
of wound, radiological assessment of fracture 
union by RUST score, and range of joint 
movement were recorded at every follow-up.  
The recorded data was analyzed by using 
SPSS version 23.0. Descriptive statistics was 
used to analyse categorical variables and 
reported in frequency and percentages. 
Association analysis was performed by Chi-
square test. P<0.05 was considered as 
statistically significant result.  
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Results 

Table 1: Sociodemographic details of study participants 
Demographic 

variables 
Total o of cases (n=32) 

Frequency Percentage 
Age 
21-30 09 28.12% 
31-40 11 34.37% 
41-50 07 21.87% 
51-60 05 15.62% 
Gender 
Male 26 81.25% 
Female 06 18.75% 
Side of fracture 
Unilateral right 13 40.62% 
Unilateral left 19 59.38% 
Mode of fracture 
Road traffic accidents 22 68.75% 
Fall from height 09 28.12% 
Assault 01 3.12% 
Fracture site 
Proximal part 08 25% 
Middle part 13 40.62% 
Distal part 11 34.37% 
Fracture type (Gustilo Anderson score) 
Grade I - - 
Grade II 18 56.25% 
Grade III-A 08 25% 
Grade III-B 06 18.75% 
Duration between injury to surgery  
<24 hours 29 90.62% 
>24 hours 03 9.37% 
RUST score 
Score 4 02 6.25% 
Score 8 05 15.62% 
Score 10 18 56.25% 
Score 12 07 21.88% 

 
Table 2: Details of fractures, associated injuries and postoperative infection 

 Total cases (n=32) 
Frequency Percentage 

Fractures and injuries 
Tibial plateau fractures 01 3.15% 
Fibular fractures 32 100% 
Metatarsal fractures 01 3.15% 
Distal radius fractures 03 9.37% 
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Pelvic injury 01 3.15% 
Pattern of fracture 
Short oblique 18 56.25% 
Transverse 05 15.62% 
Comminuted 06 18.75% 
Spiral 02 6.25% 
segmental 01 3.15% 
Postoperative infection 
No infection 28 87.5% 
Superficial infection 3 9.37% 
Deep infection 1 3.15% 

 
Table 3: Association between duration of surgical delay and postoperative infection 

 Duration of surgical delay 
>24 hours <24 hours 

Grade 0 01 22 
Grade 1 02 01 
Grade 2 05 01 
p-value 0.001 

 
Table 4: Clinical, radiological and functional outcome among study participants at 6th 

month 
 Total cases (n=32) 

Frequency Percentage 
Clinical outcome 
Excellent 05 15.62% 
Good 10 31.25% 
Fair 16 50% 
Poor 01 3.12% 
Radiological outcome (RUST score) 
Excellent 08 25% 
Good 20 62.5% 
Fair 03 9.37% 
Poor 01 3.12% 
Functional outcome (Johner-Wruhs criteria) 
Excellent 10 31.25% 
Good  14 43.75% 
Moderate  06 18.75% 
Poor 02 6.25% 

 

Discussion 
Majority participants were between age 
group 31-40 (34.3%), 21-30 (28.12%) and 
41-50 (21.87%) years with male 
predominance (81.25%). Unilateral left side 

(59.38%) fractures were common than right 
side (40.62%). Road traffic accidents 
(68.75%) were common cause of injury 
followed by fall from height (28.12%) and 
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assault (3.12%). Fractures at the middle part 
(40.62%) of limb were common than 
proximal (25%) and distal part (34.37%). 
According to Gustilo Anderson score, grade 
II type (56.25%) fractures were commonly 
encountered followed by grade III-A (25%) 
and grade III-B (18.75%). The timeline 
between injury and surgery was below 24 
hours in 90.62% cases and more than 24 
hours in 9.37% cases. Radiological 
assessment of fractures by RUST score 
showed that 56.25% had score 10, followed 
by score 12 (21.88%), score 8 (15.62%) and 
score 4 (6.25%). A study Patel D et al., found 
that road traffic accidents (87.5%) was 
common cause of injury followed by fall 
from height (12.5%). As per Gustilo and 
Anderson classification system, type 3A 
fractures (65%) were common followed by 
type 2 (22.5%) and type 3B (12.5%) [10]. A 
study by Prakash P et al., stated that road 
traffic accidents are common cause of injury 
in 80% of cases (n=30) [11].  
Short oblique types (56.25%) of fractures 
were common followed by comminuted 
(18.75%), transverse (15.62%), spiral 
(6.25%) and segmental fractures (3.15%). 
Postoperative infection was not observed in 
87.5% of cases. However, 9.37% reported 
superficial infection and 3.15% showed deep 
infection (Table 2). The association analysis 
between duration of surgical delay and 
chances of postoperative infection was 
significantly associated (p<0.05) (Table 3). A 
study Patel D et al., found no superficial and 
deep infection among cases postoperatively 
(10). A study by Joshi D et al., found anterior 
knee pain as common complication followed 
by knee stiffness, screw breakage, superficial 
early infection, delayed union and infected 
non-union with chronic osteomyelitis 
associated with open tibia fractures [12]. A 
study by Craveiro-Lopes N reported that the 
infection rate (6%) and complication rate 
(25%) was significantly low in antibiotic 
interlocking intramedullary nail [13]. A study 
by Vigesh S et al., found superficial infection 

in two cases and deep infection in one case 
managed with antibiotic coated 
intramedullary nailing of open tibial fractures 
[14]. The findings of present study were 
similar to the above findings where 
superficial infection was encountered more 
than deep infection. 
At the 6th month of post-operative follow up, 
majority cases reported fair (50%) clinical 
outcome followed by good (31.25%) and 
excellent outcome (15.62%). Poor clinical 
outcome was seen in one case (3.12%). 
According to RUST criteria, radiological 
outcome was good in 62.5%, excellent in 
25%, fair I 9.37% and poor in 3.12% cases. 
Assessment of functional outcome of joint by 
Johner-Wruhs criteria showed good outcome 
in 43.75%, excellent in 31.25%, moderate in 
18.75% and poor outcome in 6.25% of cases. 
A study Patel D et al., reported good 
functional outcome in 57.5%, excellent in 
37.5%, fair in 5% and none of the case 
showed poor functional outcome. According 
to RUST criteria, 37.5%, 57.5%, and 5% 
cases showed excellent, good and fair 
radiological outcome [10]. A study by 
Prakash P et al., found excellent clinical 
outcome in 10% of cases, good in 26.67%, 
fair in 53.33% and poor outcome in 10% [11]. 
A study by Joshi D et al., assessed functional 
outcome as per modified Ketenjian’s criteria, 
reported excellent outcome in 67.9%, good in 
17.9%, fair in 3.6% and poor functional 
outcome in 107% cases [12]. A study by 
Vigesh S et al., reported good functional and 
radiological outcomes with prophylactic 
antibiotic coated nailing in the management 
of grade II and grade IIIA type open tibial 
fractures [14]. 
A study by Taylor H et al., using the 
antibiotic coated implants in the open 
fracture management and cases with high risk 
infection are effective and reduce the 
economic burden [9]. A study by Craveiro-
Lopes N concluded that antibiotic 
interlocking intramedullary nailing was safe, 
had minimal infection rate, faster 



International Journal of Pharmaceutical and Clinical Research                                  e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Kumar et al.                            International Journal of Pharmaceutical and Clinical Research   

192 

consolidation and fewer complications 
compare to standard interlocking nail method 
[13]. A study by Abdelsalam EA et al., 
concluded that antibiotic cement 
impregnated nailing is effective and safe 
method in the management of tibial fractures 
[15].  A study by Wasko MK et al., reported 
that antibiotic cement coated nail was 
effective method for the management of 
intramedullary infections of the tibial fracture 
[16]. A study by Dhanasekhar R et al., opined 
that antibiotic cement impregnated nailing is 
cost effective, safe, effective in inflectional 
control and provided good stability in the 
management of infected non unions of ling 
bones [17]. The present study outcome was 
similar to the above studies. In view of 
limitations, present study has limited sample 
size and focused on clinico-radiological and 
functional outcome and not included 
microbiological outcome. Further studies are 
required to conduct with higher sample size 
and compare the multiple methods available 
to treat limb fractures. 

Conclusion 
The results of present study showed that 
majority cases treated with antibiotic coated 
intramedullary nail showed good to excellent 
radiological and functional outcome and fair 
to excellent clinical outcome. Deep wound 
infection was less countered than superficial 
infection with better fracture healing 
capability. The cases underwent surgery 
within 24 hours had better post-operative 
outcome in terms of healing and union. To be 
concluding, the antibiotic coated 
intramedullary nail was safe, effective 
management option for compound tibial 
fractures. 
References 
1. Kostas GM, Theodoros T, Peter VG. 

Management of infection after 
intramedullary nailing of long bone 
fractures: treatment protocols and 
outcomes. The Open Orthopaedics 
Journal. 2013; 7(2:M8):219-226. 

2. Uikey S, Oddam VK, Verma R: To study 
the clinical, radiological and functional 
outcome of antibiotic mixed cement 
coated nails in infected long bone 
diaphyseal fractures. Surg Update: Int J 
Surg Orthopedics. 2017; 3:169-74. 

3. Metsemakers WJ, Reul M, Nijs S. The 
use of gentamicincoated nails in complex 
open tibia fracture and revision cases: A 
retrospective analysis of a single centre 
case series and review of the literature. 
Injury. 2015; 46:2433-7 

4. Zhang, HA., Zhou, CH., Meng, XQ. et 
al. Intramedullary reaming and irrigation 
and antibiotic-loaded calcium sulfate 
implantation for the treatment of 
infection after intramedullary nailing: a 
retrospective study of 19 cases. BMC 
Musculoskelet Disord. 2020;21;710. 

5. Mauffrey C, Hak DJ, Giannoudis P, Alt 
V, Nau C, Marzi I, Augat P, Oh JK, Frank 
J, Mavrogenis A, et al. Treatment of 
infection following intramedullary 
nailing of tibial shaft fractures—results of 
the ORS/ISFR expert group survey. Int 
Orthop. 2019;43(2):417–23. 

6. Young S, Lie SA, Hallan G, Zirkle LG, 
Engesæter LB, Havelin LI. Risk Factors 
for Infection after 46,113 Intramedullary 
Nail Operations in Low- and Middle-
income Countries. World J Surg. 
2013;37(2): 349-55. 

7. Geoffrey DH, Nicholas P, Elizabeth AG, 
Mehta S. Current concepts and ongoing 
research in the prevention and treatment 
of open fracture infections. Adv Wound 
Care (New Rochelle). 2015; 4:59-74. 

8. Gosselin RA, Roberts I, Gillespie WJ. 
Antibiotics for preventing infection in 
open limb fractures. Cochrane Database 
Syst Rev. 2004;1:CD003764. 

9. Taylor H, Wolf S, Paparouni K. The 
resource and cost consequences of using 
antibiotic coated intramedullary nails 
compared to non-coated nails in open 
tibia fractures across four European 
Centres. Value Health. 2017;20: A399-
811. 



International Journal of Pharmaceutical and Clinical Research                                  e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Kumar et al.                            International Journal of Pharmaceutical and Clinical Research   

193 

10. Patel D, J S Nagkumar, Agarawal S, 
Amith K. Evaluation of the functional 
and radiological outcomes of antibiotic-
coated intramedullary interlocking 
nailing for Gustilo and Anderson grades 
2 and 3 open tibial shaft fractures. 
Cureus. 2022;14(2): e22357. 

11. Prakash P, Kumar D, Kumar S, Rajput 
AK. The prophylactic use of antibiotic 
coated intramedullary nail in treatment of 
open tibia fractures. Indian J Orthop 
Surg. 2020;6(2):85-89. 

12. Joshi D, Ahmed A, Krishna L, Lal Y. 
Unreamed interlocking nailing in open 
fractures of tibia. Journal of Orthopaedic 
Surgery. 2004;12(2):216–221. 

13. Craveiro-Lopes N. Treatment of open 
fractures of the tibia with a locked 
intramedullary nail with a core release of 
antibiotics (SAFE DualCore Universal): 
Comparative study with a standard 
locked intramedullary nail. J Limb 
Lengthen Reconstr. 2016; 2:17-22.  

14. Vignesh S, Ghai A: 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. 
J Orthop Case Rep. 2020, 10:65-70. 

15. Abdelsalam EA, Mohamed M, Ahmed 
MG, Ammar MA. Management of 
infected non-union of tibia using 
intramedullary antibiotic cemented 
coated nail. European Journal of 
Molecular & Clinical Medicine. 
2021;8(3):4653-4660. 

16. Wasko MK and Borens O. Antibiotic 
cement nail for the treatment of 
posttraumatic intramedullary infections 
of the tibia: midtermresults in 10 cases. 
Injury. 2013; 44(8): 1057-1060. 

17. Dhanasekhar R, Jacob P, Francis J. 
Antibiotic cement impregnated nailing in 
the management of infected nonunion of 
femur and tibia. Kerala Journal of 
Orthopaedics. 2013; 26(2): 93-7

 
 


