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Introduction:
Open fracture is one, with a break in the overly-
ing skin and soft  tissue resulting in a direct con-
tact with external environment. Due to growing 
population, industrialization and fi rearm inju-
ries the incidence of open fractures is increasing 
worldwide. 

Volkmann in 1878 reported a mortality rate of 
38.5% in patients with open fractures1. Bilroth 
in 1866 in a review of 96 open tibial fractures 
reported 36 deaths and 28 amputations. Be-
fore 1916 in World War I open fractures led to 
deaths in 80% of the patient with femur fracture, 
although this incidence was reduced to 15.6 % 
aft er the more aggressive management. 

Th ere are diff erent systems of classifi cation for 

the open fractures, but commonly in use of 
Gustilo2. With proper management in devel-
oped countries, the reported incidence of infec-
tion is 0.2% for type I fractures, 2-7% for type II, 
10-25% for type IIIB as whole with 7% for type 
IIIA, 10-50%for type IIIB and 20-25% for type 
IIIC, with an amputation rate of 50% or more 3.

Beside the severity of injury, exposure time is 
important factor in incidence of the infection. 
If the exposure time is more than 6-8 hours the 
wound may be considered contaminated. From 
this period onward the bacteria may be in the 
process of multiplication and spreading through 
the tissues, therefore characterizing a situation 
of infection 4. Th e incidence of infection is far 
above the standard due to the high exposure 
time because of lack of well equipped hospital 
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at periphery, skilled staff , public knowledge and 
poor public hygiene5.

Th ere is some general procedure recommended 
in the care of open fractures based on Gustilo 
work 6-11. Although there is a general agreement 
now regarding the eff ectiveness of antibiotic 
treatment of open fractures, controversy contin-
ue about the duration, mode of administration 
and type of antibiotics12-15. 

Th e choice and duration of antibiotics depends 
upon the type of open fracture, mechanism of 
injury, place of injury, culture sensitivity reports 
and causative bacteria. Reports from literature 
have recommended anywhere from one to ten 
days of anti microbial therapy 12-19. Th e goal of 
antimicrobial therapy is to protect the clean tis-
sue from infection and to eliminate the number 
of contaminating bacteria in the damage tissue 
until surgical irrigation and debridement are 
performed. 

Antibiotic from the Cephalosporin, Penicillin, 
and Aminoglycoside classes have been most 
commonly selected for the treatment of the open 
fracture wound. Reports have indicated success-
ful reduction in infection rate with both, single 
and in combination therapy12-15,20. Infection  has 
been found to be 10-20 times higher in type III 
injuries than in type I and type II wounds when 
a regimen has been employed16,18. Treatment of 
type III wound should not be restricted to spe-
cifi c antimicrobial regimen, but based on clini-
cal and pathological fi ndings or even gram posi-
tive or negative organisms. Th is should provide 
a signifi cant reduction in the infection rate.20

Culture and sensitivity is the most important 
step in the management of open fractures. Stain-
ing of the specimen is Rapid diagnostic proce-
dure to determine gram-negative or gram-posi-
tive bacteria. 

Current study gives us idea about the most com-
mon organisms involved in open fractures, and 
their sensitivity to antibiotics, thus enabling us 
to start proper antibiotic at the time of arrival of 
the patient in the emergency department. Th is 

will decrease the incidence of infection, morbid-
ity and economical burden.  

Results:
Selected cases of the study were grouped ac-
cording to the age, gender, injury time, patient 
location, mechanism of injury, type of fracture 
and sensitivity fi nding.

Table 1 revealed that, 40 cases (80%) were male 
and 10 cases (20%) were female. Most com-
mon age group was 20-40 years (62%), among 
this age group, male were 54% and female were 
8%. Th e demographic distribution is such that, 9 
patients (18%) were from district Bannu, 17 pa-
tients (34%) from nearby districts, 22 (44%) pa-
tients were from remote and tribal areas, where-
as 2 (4%) patients were from Afghanistan. 

Th e exposure time (interval between the injury 
and start of surgical treatment) was divided into 
three categories, less than 6 hours, 6-12 hours 
and more than 12 hours. Six cases (12%) ar-
rived within 6 hours of the injury to emergency 
department. Sixteen cases (32%) arrived in 6-12 
hours of the injury and 28 cases (56%) arrived 
in more than 12 hours. (Table 1) 

Type II fracture was encountered maximum 25 
(50%) of patients, 23 cases (46%) were type III 
fractures, among type III fracture 13 (26%) pa-
tients were having type IIIA, 8  (16%) patients 
type IIIB and 2 (4%) patients type IIIC injuries. 
Aft er the initial management and stabilization, 
cultures were taken from type IIIC cases and 
they were referred to other hospital, because 
we don’t have vascular unit. In these injuries the 
common site involved was Tibia, with 22 pa-
tients (44%). 7 patients (14%) Femur, 3 patient 
(6%) ankle, 4 patients (8%) Hand, 8 patients 
(16%) Forearm, while 6 patients (12%) were 
having Arm injuries. (Table 1)

Th e most common mechanism of injury was 
road traffi  c accidents (RTA), which involved 23 
(46%) patients. Fourteen patients (28%) were 
with fi rearm injuries, while 8 patients (16%) 
were involved in farm injuries, and 5 were oth-
ers, as shown in Figure 1. Procedures for stabi-
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lization, external fi xation were performed for 
42 (88%) cases, internal fi xation for 3 (6%) 
cases, which include plating for a tibial fracture. 
Th ese patients came with type I tibial fracture, 
reached within 2 hours of the injury. Th e other 
two patients were having hand injuries that were 
treated with K-wire. In the remaining, 2 patients 
were treated with skeletal traction and one with 
plaster of Paris (POP) cast, as illustrated in Fig 
2. 

According to the culture reports, 27 (54%) cas-
es were Gram-positive (Fig 3); the most com-
mon was Staphylococcus aureus 32% and 18% 
Streptococcus. One case was with staphylococ-
cus epidermidis and one with MRSA. Twelve 
cases (24%) were having Gram-negative or-

ganisms, with the most common E. colie 12%. 
Mixed growth were obtained from 6 (12%) of 
the cases, including a case with MRSA and En-
terobactor arogenosa. Five cases (10%) yield no 
growth. (Fig.3)

Table 2 based on correlation of microorganism 
with type of fracture, and was found that in type 
I fractures, one of the patients grew staph epi-
dermidis which shows skin fl ora, while growth 
was not found in one patient. 

In type II fractures 8 (16%) cases were having 
growth of S. aureus, 4 (8%) cases streptococcus, 
3 (6%) cases E. coli, 2 (4%) cases pseudomonas, 
2 (4 %) cases Proteous and 2 (4%) cases with 
mix growth.

In type IIIA fractures 4 (8%) cases S. aureus, 4 
(8%) cases Streptococcus, 2 (4%) cases E. co-
lie, 2 (4%) cases mix growth and one case (2%) 
Pseudomonas.

Type IIIB fractures showed 3 cases (6%) S 
aureus, 2 cases (4%) mix and one case (2%) 

Table 1: Demographic factors with site and type of Fracture

Variables No. of cases %age
Gender

Male 40 80

Female 10 20

Age (Years)

< 20 9 18

20 – 40 31 62

> 40 10 20

Time (Hours)

< 6 6 12

6 - 12 16 32

> 12 28 56

Address of Th e Patients

District Bannu 9 18

Nearby Districts 17 34

Remote Area Of NWFP 22 44

Afghanistan 2 4

Site of Injury

Tibia 22 44

Ankle 3 6

Femur 7 14

Hand 4 8

Forearm 8 16

Arm 6 12

Type Of Fracture

Type – I 2 4

Type – II 25 50

Type - III –A 13 26

Type - III –B 8 16

Type - III –C 2 4

Others

Farm

Firearm injury
23

14

8

5

Figure 1: Mode of Injury

Others

Internal Fixation

External Fixation

42

3 3

Figure 2: Procedure for Stabilization
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each Streptococcus, Pseudomonas and MRSA. 
While in type IIIC cases one grew S. aureus and 
one E. colie.

Whereas, the relationship of culture with the 
exposure time, we found that 28 (56%) cases 
that arrived aft er 12 hours of the injury all were 

infected; among them 6 (12%) were having 
mix growth. In the 16 (32%) cases who reached 
in 6-12 hours, 3 (6%) were having no growth. 
Six cases (12%) reached with exposure time 
less than 6 hours, having 2 (4%) cases with no 
growth. (Table 3)

When correlation was drawn between the mi-
croorganisms and mode of injury, it was found 
that S. aureus and Streptococcus were the most 
common organisms on road traffi  c accidents. 
In fi rearm injuries (FIA) Staphylococcus 4% 
followed by Pseudomonas 6%. In farm injuries 
common growths were E.colie and mix, each 
6%. staph epidermidis was obtained from a case 
of road traffi  c accident that was brought in the 
1st hour of injury and was type I open fracture 
of tibia. Th ree (6%)of the mix cultures were 
obtained one each from bomb blast, road traf-
fi c accident and fi re arm injuries. One case of 
methicilline resistent staph aureus (MRSA) was 
found in type IIIB fracture of the distal tibia and 
was involved in road traffi  c accident as shown in 
Table 4.

Sensitivity reports showed that 37 (74%) of the 
organisms were sensitive to 1st generation ceph-
alosporin, 35 (70%) to Co-amoxaclave, 80% to 
Quinolones and 48% to Aminoglycosides. Some 
of the Gram-negative organisms showed partial 
or full resistant to 1st generation cephalosporin, 
Co-amoxaclave and Quinolones but they sensi-
tive to Aminoglycosides like Gentamycin and 
Amikacin. One of the MRSA and one of the mix 
cases showed, both were only sensitive to Van-
comycin and Fucidin. One of the E. colie was 
also resistant to all antibiotics except Vancomy-

Table 2: Percentages of diff erent organisms in diff erent types of open fr actures

Micro-Organisms Type
I

Type 
II

Type 
III-A

Type 
III-B

Type 
III-C

Total
 n (%)

S. aurens 0 8 4 3 1 16 (32)

Streptococuss 0 4 4 1 0 9 (18)

E - Colli 0 3 2 0 1 6 (12)

pseudomonas 0 2 1 1 0 4 (8)

S.epdermydis 1 0 0 0 0 1 (2)

MRSA 0 0 0 1 0 1 (2)

Proteons 0 2 0 0 0 2 (4)

Mixed 0 2 2 2 0 6 (12)

No growth found 1 4 0 0 0 5 (10)

Total 2 25 13 8 2 50 (100)

Table 3: Percentage of diff erent organisms according to exposure time

Micro-Organisms < 6 Hours 6 - 12 Hours > 12 Hours
Total
N (%)

S. aurens 1 6 9 16 (32)

Streptococuss 1 3 5 9 (18)

E – Colli 0 2 4 6 (12)

Pseudomonas 1 1 2 4 (8)

S.epdermydis 1 0 0 1 (2)

MRSA 0 0 1 1 (2)

Proteous 0 1 1 2 (4)

Mixed 0 0 6 6 (12)

Growth was not found 2 3 0 5 (10)

Total 6 16 28 50 (100)

Table 4: Distribution of organisms in diff erent types of fr actures

Micro-Organisms RTA FIA FARM Others
Total
n (%)

S. aurens 7 5 2 2 16 (32)

Streptococuss 7 2 0 0 9 (18)

E - Colli 1 1 3 1 6 (12)

pseudomonas 0 3 0 1 4 (8)

S.epdermydis 1 0 0 0 1 (2)

MRSA 1 1 0 0 2 (4)

Proteous 1 0 0 0 1 (2)

Mixed 1 1 3 1 6 (12)

Growth was not found 4 1 0 0 5 (10)

Total No. of cases 23 14 8 5 50 (100)

No growth

Both

Gram -ve

Gram +ve
27

6

12

5

Figure 3: Gram staining for Gram Positive and Negative 
Bacteria
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cin, as shown in table 5. 

Discussion:
Open fractures are the most common problem 
in our setup and lead to signifi cant morbidities 
and mortalities. In current study 50 cases were 
evaluated, most of the cases were male (80%), 
similar to the results reported by Moore et al, 
who found 78.85 %. Common age group in-
volved was 20-40 years with an average age of 30 
years (62%), while Moore et al., found an aver-
age age of 30years 21.

Regarding mechanism of injury, it was found 
that 23 (46%) cases of patients were involved 
in road traffi  c accidents, 14 (28%) were fi re-
arm injuries, 8 (16%) were Farm injuries and 5 
(10%) cases were occupational and bomb blast 
injuries while Muller4, found 38.4 % in car and 
motorcycle accidents and 4 5.3% for the others, 
which includes crush injuries in occupational 
accidents, fall from the objects and trampling. 
Th is diff erence in mechanism of injuries is due 
to the diff erence in the lifestyle of the people. 
Th ey have high percentage of occupational ac-
cidents due to industrialization. Th ey have only 
2.69 percent fi rearm injuries, while in our setup 
fi rearm is more common due to rural nature of 
our population and high infl ux of fi rearm in this 
area during the Afghan war. Moore et al., found 
about 52% incidence of road traffi  c accidents 21, 

which is slightly higher than current study. It is 
due to geographical location of their hospital.

Th e average exposure time, that is, the time 
between the accident and the start of surgical 
treatment, was 16 hours. While Gustilo 3 found 
the average time of four hours and 24 minutes 
between the occurrence of trauma and the start 
of surgical treatment, with over 6 hours 21.15 
% of the cases only. Muller4 found the average 
exposure time of 5 hours and 39 minutes. Th is 
diff erence is due to low socioeconomic status, 
ignorance and lack of proper referral in areas. 
Majority of the patients are from rural/remote 
areas of Province (KPK) and 4% were from 
Afghanistan, patients were unable to reach to 
hospitals on time. So exposure time is a major 
problem.

Regarding the frequency of type of fracture, 
2(4%) cases were found of type I fractures. 
25(50%) cases were type II fractures and 
23(46%) cases of type III. Moore et al., 21 found 
3.7 % type I, 44.2 % of type II and 50.9 % of type 
III. Th ese fi ndings were coinciding with current 
results, but slight high incidence of type III in-
juries, because lack of facilities (vascular unit). 
While Gustilo22 found 38.3 % of type I, 36.1 % 
of type II and 25.5 % of type III. In Gustilo study 
the incidence of type I fractures is greater than 
current study. Possible reason is that most of pa-

Table 5: Micro-organisms and their sensitivity

Micro-organ-
isms

No. of 
cases

1st gene- 
cephal-
osporin

2nd gen-
cephalo-
sporin

3rd gen-
cepha-
losporin

Co-
amoxa-
clave

Quin-
lones

Amino-
glycos-
ides

Co-
trima-
xazole

Vanco-
mycin

Fucidin

S-aureus 14 S S S S S NT NT NT NT

Streptoc-occus 2
9

R
S

R
S

S
S

S
S

PS
S

S
S

S
S

NT
NT

NT
NT

E-collie 4
1
1

S
R
R

S
PS
R

S
S
R

NT
R
R

S
S
R

S
PS
R

S
PS
R

NT
NT
S

NT
NT
S

Pseudo-monas 4 S S S S S S S NT NT

Mixed 4
1
1

S
R
R

S
R
R

S
S
R

S
R
R

S
S
R

S
R
PS

S
R
PS

NT
NT
S

NT
NT
S

S-epider-midis 1 S S S S S NT NT NT NT

Proteous 1
1

S
R

S
R

S
R

S
R

S
S

S
NT

S
NT

NT
NT

NT
NT

MRSA 1 R R R R R NT NT S S

Key: S: Sensitive, PS: Partial Sensitive, R: Resistant
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tients were from the remote areas and they were 
usually referred patients, so these type I injuries 
were usually treated locally.

Gustilo3 reported an infection rate of 2.4 % (12 
cases in 520), where 2 cases were of type II frac-
tures and 10 cases of type IIIB fractures. While 
Gustilo22 reported the following incidence, 0% 
for type I; 2.5 % for type II, 13.7 % of type IIIA, 
5% of type IIIB and 44.4% for type IIIC. Fur-
thermore, the complication of results from other 
services consulted.22 For cases of tibial fractures 
they found infection level of 13.3% to 25%, not 
considering specifi cally the classifi cation of the 
fracture.  Patzakis et al., 23 reported infection rate 
of 7.4 %, in which 0.4 % type I, 3.6 % type II and 
22.7 % type III.

It was observed that the incidence of infection 
tend to increase with severity of injury but it was 
evident that some studies were contradict the 
exposure time. In current study the increased in-
cidence is mainly due to the exposure time and 
secondly due to lack of proper management and 
fi rst aid at the site of injury and lack of proper 
emergency services in our country at the fi eld 
level.

Of 50 cases, 45 (90%) cases were found with 
bacterial growths, among these 15 diff erent 
bacteria were identifi ed, with prevalence of 
Gram-positive 54%, followed by Gram-negative 
24%, mix growth in 12%, and growth was not 
observed in 10%. In Gram-positive organisms, 
most common was Staphylococcus aureus 32% 
followed by Streptococcus 18%. Amongst the 
Gram-negative organisms, common observed 
organisms were E. coli 12%, followed by Pseu-
domonas 8%. 6 cases of mix growth were found, 
which were in the late arrived patients. Th ese 
results are not much diff erent from the results 
of Gustilo22, where 60% of gram-positive agents 
with general prevalence of Staphylococcus Au-
reus. Cliff ord reported that 60% to 70% of ini-
tial cultures are positive also with prevalence of 
Staphylococcus aureus and Enterococci.

Moore et al.,21 reported to have found Gram-
positive incidence of 59% and Gram-negative 

35.9%.In a study conducted by Along TO6, 
found that with in six hours of injury, single or-
ganism isolates were commonly found whilst 
aft er 48 hours a mixed or polymicrobial organ-
isms load were isolated. In 90% of the positive 
isolates, from superfi cial and deep swabs were 
the same organisms. In another study Along 
TO7, found that 70% was Staphylococcus aureus 
amongst the Gram-positive organisms.

Regarding sensitivity of the organisms, it was 
found that 74% were sensitive to fi rst generation 
Cephalosporin,70% sensitive to Co-amoxiclave 
and 54% as whole were sensitive to Aminogly-
cosides like Gentamycine and Amikacine, while 
regarding Gram-negative organisms 80% were 
sensitive  to Aminoglycosides.66% were sensi-
tive to Quinolones. Th e results were compatible 
with results found by Muller4 that 59.8% Gram-
positive bacteria were sensitive to Cephalotin, 
while Along TO7 found that most of the organ-
ism were sensitive to ciprofl oxacin, pefl oxacin 
and ceft riaxone.

Conclusion:
Current study conclude that high rate of infec-
tion in open fractures of the extremities with 
young male, commonly involved in road traffi  c 
accident and fi re arm injuries. Th e infection rate 
was directly related to the severity of injury and 
exposure time. Most common organisms were 
Gram-positive and Gram-negative organisms. 
Intravenous Cephalosporin and Amino glyco-
side should start till the report of culture and 
sensitivity available.
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