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Abstract

Background: Infections continue to pose a significant challenge in the man-
agement of open tibia fractures, and the role of antibiotics in irrigation fluid
remains unclear. Objectives: This study aimed to compare the pre- and post-
irrigation bacteria colony counts of open tibia fractures in two irrigation groups:
Normal Saline Fluid (NSF) and Normal Saline with Gentamicin (NSG). Pa-
tients and Methods: Fifty patients with Gustillo-Anderson I and II open tibia
fractures were randomly assigned to either the NSF or NSG group. Pre-irri-
gation wound swabs were taken before randomization. Post-irrigation sam-
ples were collected, and patients were monitored weekly using the SOUTH-
AMPTON grading system for six weeks. Patients with clinical wound infec-
tion underwent wound culture. Results: Motor cycle injuries accounted for
56% of patients, with a modal age of 20 - 40 years and 75% male. Before irri-
gation debridement, the bacteria colony counts (BCC) were 20,056 + 9600
cfu/ml and 22,456 + 21,150 cfu/ml for NSF and NSG groups, respectively (p =
0.608). Post-irrigation, the BCC decreased to 8892 + 4830 cfu/ml in the NSF
group and 256 * 341 cfu/ml in the NSG group (p < 0.0001). Seven (28%) NSF
patients developed wound infection, primarily with staphylococcus, while
none of the NSG patients were infected. Conclusion: Irrigation of open tibia
fractures with normal saline impregnated with gentamicin fluid appears to
reduce bacterial count load and early wound infection.
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1. Introduction

The management of open fractures poses persistent challenges to orthopedic
surgeons, with the risk of wound infection remaining notably high across sever-
ity levels [1] [2]. Wound infections, ranging from superficial to chronic osteo-
myelitis, significantly elevate morbidity and treatment costs, often necessitating
multiple surgeries, antibiotic regimens, and even amputations [3]. The risk of
infection escalates due to the extensive soft tissue and osseous damage inherent
in open fractures, further hindering wound healing and fracture union [3] [4].

To mitigate these complications, aggressive preventive measures are impera-
tive, including meticulous wound evaluation, early debridement and irrigation,
systemic antibiotics, local antibiotic delivery, and timely soft tissue coverage and
fracture stabilization. Among these, wound irrigation and debridement are pi-
votal in reducing infection risk by mechanically removing debris and decreasing
bacterial contamination [5]. While antiseptic solutions are generally avoided due
to tissue toxicity, antibiotic fluids present a potential advantage by delivering an-
tibiotics directly to the wound site, effectively targeting contaminating patho-
gens.

Previous animal and human studies have yielded conflicting results regarding
the efficacy of antibiotic fluid irrigation in open fracture management [6] [7].
Some studies suggest benefits in reducing infection rates, while others report no
significant difference compared to normal saline irrigation alone [6] [7]. Never-
theless, select human trials have demonstrated the superiority of antibiotic solu-
tions over saline irrigation, particularly in high-risk wounds [8] [9]. Moreover,
antibiotic irrigation in postoperative and intraoperative settings has shown prom-
ise in reducing surgical site infections [9].

Given the severe consequences of wound infections in open fractures and the
promising findings from animal and human studies, further research is war-
ranted to validate the efficacy of antibiotic fluid irrigation in reducing infection

rates in open fracture wounds.

2. Materials and Methods
2.1. Study Design

This study was a prospective comparative cross-sectional study conducted over a
12-month period, following ethical clearance. The inclusion criteria were pa-
tients aged 18 - 65 years with Gustilo I - II open tibiofibular fractures presenting
to the emergency unit. Exclusion criteria included patients with Gustilo III frac-
tures, those presenting more than 6 hours post-injury, those with a previous
drug reaction to gentamicin, and immunosuppressed individuals. A sample size

of 50 was determined. Upon arrival at the emergency department, patients were
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resuscitated using the ATLS protocol. Pre-debridement wound swabs were taken
from the wound, and prophylactic intravenous ciprofloxacin was administered
at presentation.

Patients were then randomized into two groups based on the choice of irriga-
tion fluids used, using tallies labeled 1 - 50. Patients who picked odd-numbered
tallies received normal saline only irrigation after debridement, while those with
even-numbered tallies received normal saline with added gentamicin. Post-de-
bridement swab samples were collected after debridement and bone stabiliza-
tion. Wounds were sutured either by primary closure or delayed primary clo-
sure, depending on the discretion of the operating surgeon. Patients were ob-
served weekly for clinical evidence of wound infection using the SOUTHAMPTON
score, and microbiological evaluation was performed for those with clinical evi-
dence of infection.

Information was entered into a structured proforma containing sections on
biodata, mechanism of injury, Gustilo classification of fracture, nature of frac-
ture, time of presentation, injury-debridement interval, pre-debridement vital
signs, pre-debridement bacterial colony counts, post-debridement bacterial co-
lony counts, weekly clinical evidence of wound infection, and microbiological

evidence where clinical infection was suspected.

2.2, Statistical Analysis

Data relating to demographics, injury-related parameters, and treatment were
compared between the two groups using cross-tabulation. The results of pre-
and post-debridement swab counts were compared between the two groups us-
ing t-tests and paired t-tests. In cases of infection during follow-up, the microbi-
ological isolates were also analyzed in the two groups. The risk of infection be-
tween the two groups was compared using the Chi-square test.

Statistical analysis was conducted using the Statistical Package for the Social
Sciences (SPSS) version 24, with results presented in Tables 1-5 and Figure 1.

25000 TIME
- NS
GNS
20000
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Figure 1. Objective 2: Effect of irrigation treatment on change in Swab Counts before and
after irrigation. NS—normal saline group; GNS—Gentamicin in normal saline group.
1—pre-irrigation point in time; 2—post irrigation point in time.
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Table 1. Sociodemographic data and injury related parameters.

NS GNS
Parameters % o  p-Value

100) =% (100

Male 20 80 19 76
Sex

Female 5 20 6 24

MCA 16 64 12 48
Injury Mechanism MVA 6 24 11 44 0.326

Pedestrian 3 12 2 8

<2 Hours 12 48 19 76

Injury-Presentation
2 - 4 Hours 11 44 3 12 0.042
Interval
>4.1 Hours 2 8 3 12
<1.5 Hours 17 68 15 60
Presentation-Debridement
. 1.6 - 3 Hours 6 24 10 40 0.210
Duration

>3.1 Hours 2 8 0 0

GA1 4 16 5 20
Gustillo-Anderson Grade 0.713

GA2 21 84 20 80

Proximal 0 0 2 8
Fracture Sites Middle 9 36 3 12 0.066

Distal 16 64 20 80

Cast
e 16 2 8
Immobilization

Fracture Stabilization 0.596

External Fixation 5 20 4 16

Internal Fixation 16 64 19 76

Note: MCA—Motorcycle Accident; MVA—Motor-Vehicular; Accident GA—Gustillo-
Anderson.

Table 2. Distribution of isolates from pre-irrigation swabs.

ISOLATES n=54(%)

Staph aureus 14 (25.9%)
Bacillus species 7 (13.0%)
Corynebacteria species 6 (11.1%)
Proteus species 6(11.1%)
Pseudomonas species 5(9.3%)
Enterococcus species 4 (7.4%)
Micrococcus species 3 (5.6%)
Citrobacter species 2 (3.7%)
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Continued
Escherichia coli 2 (3.7%)
Streptococcus species 2 (3.7%)
Klebsiella species 2 (3.7%)
Serrantia species 1(1.9%)
Total 54 (100%)

Table 3. Numbers of isolates in the pre and post irrigation Swabs.

No. of isolate(s) Pre-irrigation swabs Post-irrigation swabs
from swab n =50 (100%) n =50 (100%)
0 0 (0%) 16 (32%)
1 11 (22%) 28 (56%)
2 30 (60%) 4 (8%)
3 9 (18%) 2 (4%)

Table 4. Objective 1: Pre- and post-debridement bacteria counts and irrigation groups.

Variable Mean Difference t-Statistics
Mean (SD -Value®
n=25 ean (SD) (95% CI) @ P
Pre-irrigation  Post-irrigation
NS swab 11,164 4.651 <0.001
counts 20,056 (9600) 8892 (4830)  (6310,16,118)  (24) '
cfu/ml cfu/ml

Pre-irrigation  Post-irrigation
GNS swab 22,200 5.235 )
22,456 (21,150) 256 (341) (13,447, 30,593) (24) <0.00

cfu/mls cfu/mls

counts

Note: NS—normal saline group; GNS—gentamicin in normal saline group; cfu/mls—co-
lony forming unit per milliliters; SD—standard deviation; CI—confidence interval. *sta-
tistical significance.

Table 5. Objective 2: Post-debridement swab counts and irrigation fluids.

Mean Post-debridement  Mean difference  t-Statistic

V i b]. _V 1 a
arlable swab counts (SD) (95% CI) (df) p-Vatue
NS 8892 (4830) cfu/mls 8636 8.918
<0.0001
GNS 256 (342) cfu/mls (6689, 10,583) (48)

Note: NS—normal saline group; GNS—Gentamicin in normal saline group; SD—standard
deviation; cfu/mls—colony forming units per milliliters. *statistically significant.

3. Results

During the study period, fifty patients who fulfilled the inclusion criteria were
recruited and divided into two groups: Normal Saline irrigated (NS) and Gen-

tamicin in Normal Saline irrigated (GNS), with twenty-five patients in each
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group. The study revealed that patients aged 21 - 40 years had the highest inci-
dence of open tibia fractures (54%), followed by those aged 41 - 60 years (18%).
The mean age of the patients was 38 + 15.7 years.

Table 1 above shows the sex distribution, injury and intervention parameters
in the two groups compared, demonstrating that the two groups are quite com-
parable.

According to Table 4, analyzing the effects of the two interventions (NS and
GNS) on the pre- and post-irrigation counts showed a significant reduction in
the bacteria counts in the GNS group. Furthermore, the effect of the two inter-
ventions (taken at different points in time) using a 2-way repeated measures
ANOVA demonstrated a significant reduction in swab bacterial counts (F[1,48] =
46.87, p < 0.001). Additionally, there was a significant interaction between the
type of irrigation and the time factor (pre- and post-irrigation counts) (F[1,48] =
5.129, p = 0.03). A univariate analysis testing the single effect of irrigation fluids
at each level of the other factor (time) showed a significant effect in the
post-irrigation period (F[1,48] = 79.5, p < 0.001), based on linearly independent
pairwise comparisons among the estimated marginal means. The profile plot of
the estimated marginal means is illustrated in Figure 1 above.

It is noted from the tables and Figure 1 that irrigation (either with normal sa-
line alone or with added gentamicin) produces a significant reduction in bacteria
counts, with far greater effect in the antibiotic group (Table 5). In addition,
there was a considerable reduction in the contamination rate in the GNS group
(Table 6), and the risk of development of clinical wound infection was signifi-
cantly higher in the normal saline alone group as shown in Table 7. The most
consistent isolate in those patients who developed clinical wound infection on

follow up is Staphylococcus aureus account for 10% as seen in Table 8 and Ta-
ble 9.

Table 6. Objective 2: Comparison of the effect of Normal saline and Gentamicin in nor-
mal saline in reducing wound contamination.

Irrigation No growth Isolate grown  Total x? value Remark
fluids n (%) n (%) nw @ °
NS 3(12) 22 (88) 25(100) ¢ 349
) 0.012  significant
GNS 11 (44) 14 (56) 25(100) (1

Table 7. Objective 3: Comparison between Irrigation Fluids and rate of Wound Infection
at follow-up.

L Clinical No clinical
Irrigation

fluids infection infection Total X?> p-Value Remark
n (%) n (%)
NS 7 (28%) 18 (72%) 25 (100%)
5.98 0.014 Significant
GNS 0 (0%) 25(100%) 25 (100%)

Note: NS—normal saline group; GNS—Gentamicin in normal saline group.
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Table 8. Distribution of isolates cultured from patients with clinical wound infection
during follow-up.

Microbial isolates n (%)
Staphylococcus aureus 5(10)
Pseudomonas species 2 (4)
Total 7 (14)

Table 9. Comparison of isolates from post irrigations swabs and swabs from cases with
wound infection during follow-up.

Similar Dissimilar

Cases Post-irrigation isolates Follow-up isolates (%) (%)

1 Staph aureus Staph aureus

2 Staph, Bacillus, Micrococcus Staph aureus

3 Staph aureus Pseudomonas spp.

4 Staph aureus Staph aureus 5(10%) 2 (4%)
5 Staph, pseudomonas and serantia Staph aureus

6 Bacillus, Pseudomonas Staph aureus

7 Staph aureus Staph aureus

4. Discussion

Open diaphyseal fractures are common in orthopedic practice, with open tibia
fractures being the most frequent open long bone fractures. A previous study
showed an incidence of 27.7% [10]. In terms of age prevalence, this study re-
vealed that 54% of patients with open tibia fractures were between 20 and 40
years old, constituting the productive workforce of the population. This finding
aligns closely with other studies. Ibeanusi et al. reported a prevalence rate of 70%
in patients aged 20 to 39 years [11]. Generally, road traffic injuries are most
common within this productive age group.

The study also showed a higher prevalence of open tibia fractures among
males, with a male-to-female ratio of 3:1. This could be attributed to the higher
activity levels of males, leading to increased road exposure compared to females.
Ibeanusi et al found a similar male-to-female ratio of 2.5:1 [11]. Additionally,
Court-Brown ef al. noted not only a higher prevalence in young adult males but
also an increased prevalence among elderly females [10].

While several studies have identified road traffic injuries as the leading cause
of open long bone fractures [10]-[12], this study categorized road traffic injuries
into motor-vehicle accidents, motorcycle accidents, and pedestrian injuries
based on the victims” mode of transportation. Motorcycle injuries accounted for
the highest prevalence at 56%, followed by motor-vehicle injuries at 34%. This
suggests that motorcycle injuries are more likely to result in open long bone
fractures due to the unprotected nature of motorcycles and the lack of training
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among many riders.

Although all patients presented within six hours of injury, the majority (60%)
presented within the first two hours and underwent operative debridement and
irrigation within 1.5 hours from presentation (64%). This may be due to the
strategic location of our facility near a major highway. While early wound de-
bridement is generally agreed to reduce the risk of infection, recent evidence
challenges the “golden 6 hours rule” [13] [14]. Studies show no significant dif-
ference in infection incidence whether debridement is performed early or de-
layed, as long as appropriate antibiotic cover is established immediately [13]
[14]. Challenges can arise when adhering strictly to this timing, such as operat-
ing under suboptimal conditions (e.g., lack of implants, surgeon fatigue).

Regarding antibiotic administration, 70% of patients received intravenous an-
tibiotics within three hours of presentation, and all received intravenous cefu-
roxime for three days. The British Association of Plastic, Reconstructive and
Aesthetic Surgeons (BAPRAS) guidelines recommend starting broad-spectrum
antibiotics within three hours of injury, continuing until the first debridement
[15]. The British Orthopaedic Association and the British Association of Plastic,
Reconstructive, Aesthetic Surgeons (BOAST4 2017) recommend administering
prophylactic intravenous broad-spectrum antibiotics within one hour of injury
to reduce the risk of deep surgical site infection [16]. A meta-analysis on antibi-
otic prophylaxis for open fractures supports early systemic antibiotic adminis-
tration [17].

The prevalence of Gustilo-Anderson grade II open fractures (82%) was higher
than that of grade I open tibial injuries (18%). This may be because most pa-
tients in this study had moderate-severity injuries primarily from motorcycle
(56%) and motor-vehicle (34%) accidents.

The distal tibia was the most common injury site, accounting for 72% of inju-
ries. Bostman ef a/ indicated that torsional fractures often occur at the junction
of the middle and distal third of the tibia, with additional axial compression
causing more distal fractures [18]. The combination of torsional and axial forces
likely contributes to road traffic injury-related tibia fractures.

Most patients (70%) had bone stabilization with open reduction and internal
fixation using reamed locked intramedullary nails, following wound irrigation
and debridement. Eighteen percent had external fixation, and 12% had cast im-
mobilization. Early presentation and effective debridement made most injuries
suitable for internal fixation, especially with minimal soft tissue injuries in Gus-
tilo I and II fractures. Current evidence supports early bone stabilization with
either external or internal fixation [19], which protects soft tissue, reduces po-
tential dead space, and decreases infection rates.

Pathogens were isolated from all pre-irrigation wound swabs, indicating a
100% positive culture rate, while post-irrigation swabs had a 72% positive cul-
ture rate. This suggests that all open fractures should be considered potentially
contaminated. Anderson (1976) reported a 70.3% positive bacterial culture rate

in 1025 open long bone fracture wounds [20]. A study at Kenyatta National
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Hospital found a 52.2% positive pre-debridement culture rate in 98 patients with
open fractures presenting within 24 hours of injury [21]. Digvijay Agarwal et al
reported 51.42% positive pre-debridement and 34.28% positive post-debridement
cultures [22]. These findings highlight the importance of irrigation and de-
bridement in reducing microbial load.

This study found significant reductions in contamination levels following ir-
rigation with gentamicin-laden normal saline compared to normal saline alone.
Post-debridement and irrigation, 28% of swab samples (12% NS, 44% GNY)
showed no growth, underscoring the efficacy of irrigation and debridement. The
addition of local antibiotics in irrigation fluids further decontaminates open
fractures. Halaz (1977) concluded that topical antibiotics significantly reduce in-
fection rates in high-risk surgical wounds [8]. Few human trials, primarily on
perioperative surgical wounds, have shown significant infection reduction with
antibiotic irrigation fluids [9].

Of the pre-irrigation swabs, 78% yielded polymicrobial growths, and 22%
yielded single bacterial isolates, indicating that open fracture wound contamina-
tion is mostly polymicrobial. Ojo et al found polymicrobial growth in 53.7% of
initial wound swabs in 60 patients with open fractures in southwestern Nigeria
[23].

The major isolate from pre-irrigation wound swabs was Staphylococcus au-
reus (25.9%). Ikem et al, in a similar study 14 years earlier, identified Staphylo-
coccus aureus as the most commonly cultured organism (27%) [24]. This sug-
gests that the pattern of wound contamination has not significantly changed
over the years.

Irrigation and debridement significantly reduced microbial isolate counts,
with mean bacterial counts decreasing from 21,256 + 16,300 cfu/ml to 4574 *
5124 cfu/ml, regardless of the irrigation fluid used. Both normal saline and gen-
tamicin-normal saline were effective, but the antibiotic solution was associated
with a greater reduction in bacterial load, as reflected by a further reduction in
mean post-irrigation bacterial counts to 11,036 cfu/ml with gentamicin-normal
saline. The beneficial effects of local antibiotic therapy in extensively contami-
nated open fractures are well-documented [8] [25]. Reducing the microbial load
in post-debridement wounds with antibiotic irrigation fluids will ultimately re-
duce infection risk.

Patients in both groups (NS and GNS) were followed for six weeks. No pa-
tients in the GNS group developed clinical or microbiological evidence of infec-
tion, while seven (28%) in the NS group did. This suggests that gentamicin-normal
saline is more effective in reducing wound contamination and early infection risk.

Among the seven patients who developed wound infections, Staphylococcus
aureus was isolated in five cases (10%), and Pseudomonas species in four cases
(4%). Earlier studies at the same center by Ikem et al. found Staphylococcus au-
reus and coagulase-negative Staphylococci as the most common isolates [24].
Similarly, Y Abu Hanifah et a/ identified Staphylococcus aureus, Pseudomonas

aeruginosa, and Klebsiella species as the most common postoperative wound
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isolates [26].

The study also showed that 71.4% of post-operative wound isolates were simi-
lar to those obtained immediately post-irrigation/debridement, suggesting that
post-irrigation wound cultures can guide treatment in case of infection. A
D’Souza et al. concluded that pre- and post-debridement cultures are valuable
for detecting infections in open tibia fractures [27]. In 28.6% of cases, the bac-
terial isolates differed, implying a change in bacteriology over time.

In conclusion, comparing both irrigation fluids, gentamicin-normal saline was
more effective in reducing post-debridement bacterial isolates (p < 0.001) and

early wound infection risk (p = 0.014) compared to normal saline alone.

5. Conclusion

Irrigation and debridement significantly reduce contaminating bacterial load by
about 4.5-fold. Adding gentamicin to normal saline irrigation fluid is more ef-
fective in reducing bacterial load than using normal saline alone. This translates
to a better reduction in early wound infection rates in fractures irrigated with

gentamicin-laden normal saline after six weeks of follow-up.
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