
Adam H Kantor, Shea P Gallagher, Lauren E Rosario, Miseker E 
Abate, UC Irvine School of Medicine, United States
David P Zamorano, Orthopaedic Trauma Service, St. Alphonsus 
Medical Center, Boise, ID, United States
The Ethiopia Research Group, UC Irvine School of Medicine, 
United States

Conflict-of-interest statement: The author(s) declare(s) that there 
is no conflict of interest regarding the publication of this paper.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative Com-
mons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, 
provided the original work is properly cited and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Correspondence to: Adam H Kantor, UC Irvine School of Medi-
cine, United States
Email: kantora@uci.edu
Telephone: +949-824-5388

Received: September 5, 2018
Revised: October 31, 2018
Accepted: November 2 2018
Published online: April 28, 2019

ABSTRACT
BACKGROUND: Infection is a devastating complication of open 
fractures. Historically, treatment protocols advocated that initial 
treatment of open fractures within six hours reduced the risk of 
infection. Little scientific evidence has supported this “six-hour rule” 
but the exact time in which the risk of infection increases remains 
unknown.
AIM: Assess the effect of delay in treatment greater than 6 and 24 
hours on the development of infection for open tibia fractures.
METHODS: A retrospective review of all patients was conducted to 
identify skeletally mature patients with an open tibia fracture treated 

with the Surgical Implant Generation Network (SIGN) intramedullary 
nail from February 2006 and June 2015. Descriptive data, time to 
treatment, fracture characteristics, and presence of infection were 
collected and analyzed.
RESULTS: Infection occurred in 19 (11%) patients (Gustilo I 1/44, 
2%; Gustilo II 6/39, 15%, Gustilo IIIa 9/44, 21%; Gustillo IIIb 3/44, 
7%). Sixty patients received treatment within six hours of their injury, 
while 93 did not. One hundred forty-four patients were treated within 
24 hours from injury (mean, 8.2 hours) and 28 were treated after 24 
hours (mean, 41.1 hours). There was no significant difference in the 
rates of infection for fractures treated before or after six hours from the 
time of injury (15% vs. 11%, p = 0.621). Infection rate was similar in 
patients treated within 24 hours and beyond 24 hours (10% vs. 14%, 
p = 0.518). The average time to treatment of patients with and without 
infectious outcome were not significantly different (15.6 vs 13.4 hours, 
p = 0.700). There was an association between more severe Gustilo 
types and infection, yet this did not reach significance (p = 0.402).
CONCLUSION: Our results show that initial treatment beyond 24 
hours did not lead to a significant increase in the rate of infection. 
While not significant, a greater proportion of infections occurred 
in higher Gustilo types. Our results suggest that fracture type 
rather than time to treatment may be a more important predictor of 
infection.
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INTRODUCTION
The most frequent complication of open fractures, with a reported 
incidence of 3 to 40%, is infection[1]. The anatomy of the tibia 
predisposes it to higher rates of infection, with due to its limited 
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and follow up data was prospectively collected and recorded in the 
SIGN database.
    Immediate post-operative infection, those that presented during the 
primary hospital stay, was not documented prospectively in the SIGN 
database. As such, a proxy was used to determine infection. Current 
treatment standards recommend 72 hours of antibiotic treatment for 
all open fractures, regardless of severity or level of contamination, 
and to continue with additional blocks of coverage for 72 hours 
until all signs of infection have abated[18,19]. Therefore, during our 
retrospective review we considered any patient that had received 

soft tissue coverage and marginal blood supply that, which be easily 
disrupted from soft tissue injury[2]. Open tibia fractures exhibit 
infection rates ranging 10-20 times higher than open fractures of 
other bones[3]. Infection of an open fracture can be devastating, 
potentially leading to osteomyelitis, systemic infection, amputation, 
or even death[4]. Therefore, an open fracture is one of a few 
orthopaedic injuries that requires timely treatment.
    Current open fracture treatment protocols aim to reduce the risk 
of infection through emergent intravenous (IV) antibiotics and 
surgical debridement[5]. Over time, an unwritten “six-hour rule” has 
developed within the orthopaedic community; it is widely advocated 
that initiating treatment within six hours of injury reduces the rate of 
morbidity and mortality[6-9]. While the literature agrees that urgent 
care is essential, there is little scientific evidence to support this “six-
hour rule”[1,5,6,9-13]. 
    Soddo Christian Hospital (SCH) is a mission hospital operating 
in Wolaita, Soddo, Ethiopia that serves as an orthopaedic referral 
center for a large encatchment area. As one of the only surgical 
hospitals in southern Ethiopia, its location provides a unique 
opportunity to examine the influence of prolonged time to treatment 
on infection in open tibia fractures. Rugged terrain and limited means 
of transportation often require patients to travel long distances, 
sometimes requiring many hours or even days, to receive care. 
For example, one study examining tibia fractures at hospitals in 
three developing countries, including SCH, found an average time 
from injury to surgery of 4.1 days[14]. In addition, SCH provides a 
controlled environment; relatively few surgeons operate at SCH 
and the majority of tibia fractures are treated with Surgical Implant 
Generation Network (SIGN) intramedullary nails[15]. The purpose 
of this study is to retrospectively examine the effect of delayed 
treatment on infection rates in open tibia fractures on a scale that has 
not previously been examined.

METHODS
Prior to all research activities, a protocol was submitted to and 
approved by the University of California at Irvine Institutional 
Review Board. All patients 18 years or older, who presented to 
SCH from January 2006 to June 2015 with a unilateral open tibia 
fracture (AO/OTA 41A, 42A-C, 43A) and were treated with the 
SIGN intramedullary nail were eligible for this study (Figure 1)[16]. 
Exclusion criteria included patients with bilateral tibia fractures, 
a concomitant femur fracture, patients that presented greater than 
120 days from the time of their injury, nonunions, and pathologic 
fractures. 
    A formal treatment protocol was not in place, but patients were 
treated according to current community standards. Patients were 
emergently assessed for life-threatening injury by the emergency and 
surgical teams and stabilized as needed. IV antibiotic prophylaxis 
(cloxacillin and gentamycin) was initiated and continued at the 
discretion of the treatment team, generally 72 hours unless otherwise 
indicated. Following initial stabilization, patients were urgently 
irrigated and surgically debrided. Repeat surgical debridement and 
irrigation was performed when clinically indicated. Patients were 
graded according to the Gustilo and Anderson classification system 
by the orthopedic team at SCH[17]. All fractures were stabilized using 
the SIGN intramedullary nail. The method of wound closure varied 
depending on soft tissue injury and was determined by the surgical 
team. Closure was achieved by one of the following methods: 
primary closure, delayed primary closure, secondary closure, skin 
grafting, or flap closure. Patients were encouraged to return for 
follow up at one month and subsequent regular intervals. All surgical 
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Figure 1 A: Picture of a surgical technician at Soddo Christian Hospital 
preparing and displaying a SIGN tibia nail. B: A picture of a SIGN tibia 
nail inserted into the medulla of a patient’s tibia with the aiming arm 
attached, showing how the distal interlocking aiming sleeves are used to 
place the distal interlocking bolts.

Table 1 Summary of Patient Population and Fracture Characteristics.

Characteristics Patients and Fractures, No. (%), (n =172)

Gender

     Male 132 (77)

     Female 40 (23)

AO/OTA Type

     41-A 8 (5)

     42-A-C 105 (61)

     43-A 55 (32)

     Not Recorded 4 (2)

Gustilo Anderson Classification

     Type I 44 (26)

     Type II 39 (23)

     Type IIIa 44 (26)

     Type IIIb 44 (26)

     Type IIIc 1 (1)

Table 2 Summary of Follow Up Population and Fracture Characteristics.

Characteristics Patients and Fractures, No. (%), (n =113)

Gender

     Male 86 (76)

     Female 27 (24)

Gustilo Anderson Classification

     Type I 25 (22)

     Type II 30 (27)

     Type IIIa 30 (27)

     Type IIIb 28 (25)

     Type IIIc 0 (0)
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Figure 2 A histogram displaying the number of patients according to the time from injury to treatment. Black indicates the number of patients that did not 
develop infection, while gray signifies the number patients that went on to develop an infection at follow up.

Table 3 Summary of Infectious Outcomes by Time to Treatment and 
Gustilo Type.
Characteristics Patients and Fractures, No. Infected/Total (%), (n =172)

Time from Injury to Treatment

     ≤ 6 hours 9/60 (15)

     > 6 hours 10/93 (11)

     < 24 Hours 15/144 (10)

     ≥ 24 Hours 4/28 (14)

Gustilo Anderson Classification

     Type I 1/44 (2)

     Type II   6/39 (13)

     Type IIIa 9/44 (3)

     Type IIIb 3/44 (4)

     Type IIIc 0/1 (0)

antibiotics for greater than 72 hours as having acutely developed an 
infection. Deep infection was diagnosed clinically by the attending 
surgeon considering physical exam (fever, erythema, edema, pain), 
laboratory analysis (leukocytosis), or X-ray imaging (evidence of 
osteomyelitis or hardware loosening) at any follow-up visit greater 
than four weeks after treatment. Infectious complications diagnosed 
at follow up visits were recorded prospectively in the SIGN 
database, but immediate postoperative infection was determined by 
retrospective analysis. Both forms of infection, acute and deep, were 
totaled and analyzed collectively.
    All data was retrospectively collected by the authors from SCH’s 
SIGN database and consolidated in a secure REDCap database[20]. 
Time to treatment was determined by the interval from the time of 
injury to first antibiotic administration. Previous studies have focused 
on the “six-hour rule” and have not specifically examined the 24-
hour cutoff. According to anecdotal recounts and previous literature, 
we anticipated many patients would experience significant delays in 
treatment and therefore chose to group patients into two groups based 
on presentation time: within 24 hours and 24 hours or greater[14]. Data 
and statistical analysis were performed using Microsoft Excel and 
SPSS (IBM, Version 23). A Fisher’s exact test was used to evaluate 
the difference in infection rates of open fractures treated within 24 
hours and those treated at 24 hours or greater. Further analysis using 
a χ2 test for trend was employed to evaluate the association between 
Gustilo type and infection. Lastly, an unpaired t test was used to 
assess the difference in time to treatment of infected and noninfected 
fractures. A significance level of p < 0.05 was used for all statistical 
tests.

RESULTS
One hundred and seventy-two open tibia fractures were 
retrospectively reviewed. The average patient age was 32 years 
(range, 18-70). The population consisted of 132 (77%) male and 
40 (23%) female patients. There were 44 (26%) type I fractures, 39 
(23%) type II fractures, 44 (26%) type IIIa fractures, 44 (26%) type 
IIIb fractures, and 1 (1%) type IIIc fracture (Table 1). There were 8 
(5%) AO/OTA 41-A fractures, 105 (61%) AO/OTA 42-A-C fractures, 
and 55 (32%) AO/OTA 43-A fractures. The fracture location was not 
recorded for four (2%) patients (Table 1). The cause of injury was not 
documented for all cases. 



    Several studies have directly challenged the idea that reduced 
time to treatment leads to fewer infections. A retrospective study of 
191 open tibia fractures showed no significant increase in infection 
with respect to time from injury to initial operative management[1]. 
Similarly, Bednar and Parikh showed no significant increase in 
infection rate with late irrigation and debridement[6]. More recently, 
a prospective 5-year study examining infection in open long bone 
fractures did not find statistical evidence of an increased infection rate 
in fractures debrided greater than six hours from the time of injury[11]. 
Conversely, one investigation did show a significant increase in 
the occurrence of infection debrided more than five hours after the 
initial injury[7]. However, it is important to note that this study only 
examined patients with the more severe Gustilo type II and III tibia 
fractures, which may have led to biased results[8].
    Although our results did not show a statistically significant 
association between increased fracture severity and increased rate 
of infection, our results do suggest that a trend may exist; a greater 
proportion of infections occurred in the more severe, higher Gustilo 
types. In fact, all but one infection occurred in type II and III 
fractures. This trend is further supported in the literature. A recent 
study created a multivariate model to evaluate the influence of 
several factors on infection rates and Gustilo type was found to be 
the greatest predictor of nonunion and infection[13]. This suggests that 
management of open tibia fractures should be guided by Gustilo type 
rather than time from injury[13]. Our trend did not show statistical 
significance, possibly because the limitations of our study, which  
may have hidden an association between Gustilo type and infection.
    Our study is not without limitations. Loss to follow up, with 
only 66% of patients returning for follow up evaluation, prevented 
SCH’s orthopedic team from fully evaluating all subjects for deep 
infection. However, our follow up rate is similar to those of other 
SIGN database studies in developing countries[21,22]. Furthermore, 
the retrospective design limited the amount and type of data that 
could be collected. For example, infection during the immediate 
post-operative hospital stay was not documented necessitating that 
we use duration of antibiotic coverage as a proxy for the presence of 
infection. In addition, a community standard protocol supervised by 
two attending orthopedic surgeons was used to guide treatment but 
no formal protocol for surgical debridement or wound management 
was employed. But, it is important to note that all patients were 
treated similarly with expedient debridement, antibiotic prophylaxis, 
and fixation with the SIGN intramedullary nail creating a relatively 
controlled study environment. Moreover, it was difficult to control 
for confounding variables such as previous medical conditions, 
trauma history, tobacco use, and mechanism of injury. Despite these 
limitations, our study does provide valuable information on the 
effects of treatment delay beyond 24 hours.

CONCLUSION
Ethiopia, with its rugged terrain and difficult transportation, provided 
a unique environment that allowed analysis of treatment delays 
that, for ethical reasons, would not be possible in a developed 
nation. The findings of the study suggest that significant delays in 
time to treatment of open tibia fractures is not associated with an 
increased risk of post-operative infection. While factors may limit 
the significance of this study, our results are consistent with current 
literature. The trend seen with our data, while not significant, is 
consistent with current literature suggesting that Gustilo type may 
be the best predictor of infection risk. Further research is needed to 
determine if Gustilo type is in fact the best management guide and 

    One hundred and thirteen patients (66%), 86 (76%) males and 
27 (24%) females, had sufficient follow-up. Table 2 summarizes 
the characteristics of the follow-up patient population. In total, 25 
patients (22%) with type I fractures, 30 patients (27%) with type 
II fractures, 30 patients (27%) with type IIIa fractures, 28 patients 
(25%) with type IIIb fractures, and no patients (0%) with type IIIc 
fractures. The average time from surgery to the first follow-up 
evaluation was 12.1 weeks. The average number of follow-up visits 
was 1.3 with an average total follow-up duration of 18 weeks (range, 
4-155 weeks). 
    In total, nineteen (11%) fractures were complicated by infection. 
Figure 2 presents infection status according to the time from injury 
to treatment. Thirteen (68%) infections occurred acutely in the 
patients’ immediate post-injury hospital course and six (32%) 
patients presented with a deep infection at follow-up. Four (67%) of 
the deep infections presented at the first follow-up visit (mean, 10 
weeks; range, 6-17 weeks) and two (33%) fractures were found to be 
infected at the second follow-up visit (mean, 45 weeks; range, 33-58 
weeks). Infection occurred in one (2%) type I fracture, six (15%) type 
II fractures, nine (21%) type IIIa fractures, and three (7%) type IIIb 
fractures. The one type IIIc fracture did not become infected (Table 
3). There was not a significant correlation between increasing Gustilo 
type and infection (p = 0.402).
    A total of 60 patients were treated in six hours or less, nine of 
which developed an infection (15%). The remaining 93 patients 
received their initial treatment six hours after their injury with 
10 complicated by post-operative infection (11%). There was no 
significant difference in the rate of infection among these two 
groups (p = 0.621). One hundred and forty-four (84%) patients 
received initial treatment within 24 hours of injury (mean, 7.0 hours; 
median 8.0 hours) while 28 (16%) patients did not receive initial 
treatment until after twenty-four hours (mean, 41.1 hours; median, 
24.0 hours). Fifteen (10%) of the patients treated within 24 hours 
and four (14%) of the patients treated after 24 hours from the time 
of injury developed an infection (Table 3). The rate of infection 
was not significantly different (p = 0.518) between the two groups. 
The average time to treatment of the infected was greater than the 
noninfected fractures, 15.6 versus 13.4 hours, but this difference was 
not significant (p = 0.700).

DISCUSSION
Infection is the most important potential complication of an open 
tibia fracture and can lead to severe consequences. Many articles 
have previously examined factors that influence the development of 
infection in open tibia fractures and how orthopedic trauma surgeons 
can try to prevent this complication. Treatment protocols advocate 
for expedient surgical debridement and IV antibiotics to reduce the 
risk of infection. However, over time, a “six-hour rule” seems to have 
evolved based mainly on historical tradition rather than scientific 
evidence[1,5,6,9-13]. 
    To our knowledge, no studies have examined delays in treatment 
of the magnitude studied in this paper. This is most likely due to 
the ethical implications of withholding treatment for the benefit 
of assessing the point at which infection becomes a greater risk. 
Our study utilized the naturally delaying factors of the Ethiopian 
geography and limited access to care to help further elucidate the 
relationship between treatment delay and infection in open fractures. 
Our results show that treatment delay beyond twenty-four hours 
does not lead to a significantly increased risk of infection. Current 
literature further supports this argument. 
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what other factors can help guide management of open tibia fractures, 
both in the developed and developing worlds. It is our belief that 
expedient treatment should be employed in all cases, but we contend 
that growing evidence does not support the idea that early treatment 
reduces the risk of infection.
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