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Abstract Background: Pin infection continues to be a nuisance when using definitive external fixation. Prophylactic
antibiotic treatment has been proposed in an effort to decrease
pin complications. Questions/Purposes: We performed a prospective, randomized, single-blinded study to answer the following questions: (1) what was the effect of a 10-day course of
oral prophylactic antibiotics administered immediately after
external fixation surgery on the incidence of a subsequent pin
infection, (2) what was the effect on the severity of a subsequent
pin infection, and (3) what was the effect on the timing of a
subsequent pin infection? Methods: Patients were randomized
into antibiotic treatment and control groups, and incidence,
severity, and time of onset of pin infection were recorded.
Results: The incidence of pin infection for the entire cohort
during the 90-day observation period was 46/58 (79%) without
a statistically significant difference (p = 0.106). There was no
statistical difference found (p = 0.512) in pin infection severity.
There was no significant difference in the time of onset of
Level of Evidence: Therapeutic Study Level I.
Electronic supplementary material The online version of this article
(doi:10.1007/s11420-016-9539-z) contains supplementary material,
which is available to authorized users.
A. T. Fragomen, MD (*) : A. O. Miller, MD : B. D. Brause, MD :
S. R. Rozbruch, MD
Hospital for Special Surgery,
535 East 70th Street,
New York, NY 10021, USA
e-mail: FragomenA@hss.edu
A. T. Fragomen, MD : A. O. Miller, MD : B. D. Brause, MD :
S. R. Rozbruch, MD
Weill Medical College,
1300 York Ave,
New York, NY 10065, USA
V. Goldman, MD
Hadassah-Hebrew University Medical Center,
Jerusalem, Israel

infection between the two groups from the date of surgery
(p = 0.553). Conclusions: Our randomized data do not suggest
that oral antibiotics alter the incidence, timing, or severity of pin
infection. This study does not support the use of prophylactic
oral antibiotics in healthy patients.
Keywords prophylactic antibiotics . pin infection .
external fixation . Ilizarov
Introduction
Circular external fixators used as definitive bony fixation that
utilize half pins and tensioned wires have proven to be extremely
useful in modern orthopedic surgery particularly in the field of
limb lengthening and complex reconstruction where osteomyelitis and deformity are treated [1, 5, 6, 10, 14, 15]. Despite the
utility of these remarkable devices, the incidence of pin site
infection during the course of external fixation is high with
reports varying from 10 to 100% [4, 11, 16]. Typical pin site
infections manifest as a superficial painful cellulitis at the point
of skin entry, but if untreated, they can progress in severity, and
they can hinder proper rehabilitation by reducing joint motion
and weight bearing. In severe cases, pin site infection can lead to
loosening of fixation and deep bone infection [8]. Many experts
recognize that the vast majority of pin site infections are not true
surgical site complications but, rather, expected nuisances highly
responsive to short courses of oral antibiotics [12].
In an effort to decrease the incidence of pin infections,
many surgeons commonly prescribe a course of prophylactic
oral antibiotics (usually cephalexin) immediately following
frame placement. The benefits and risks of routine multi-day
courses of antibiotics to prevent pin site infection have not
been studied in a systematic fashion. Not only is the efficacy
undocumented, but these courses of antibiotics may increase
the risk of Clostridium difficile [13], may have far reaching
deleterious effects on the gut microbiome [9], and can increase the risk of acquisition of resistant pathogens [9]. They
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also represent additional cost to the patient and medical
system.
We performed a prospective, randomized, single-blinded
study to answer the following questions: (1) what was the
effect of a 10-day course of oral prophylactic antibiotics
administered immediately after external fixation surgery on
the incidence of a subsequent pin infection, (2) what was the
effect on the severity of a subsequent pin infection, and (3)
what was the effect on the timing of a subsequent pin
infection?

Table 2 Patient demographics by cohort
Patient characteristic NABX (N = 28) ABX (N = 30)
p value
N (%)
Mean (SD) or n (%)
Age at time
of surgery
Height
Weight
BMI
Days in frame
Female sex
Smoker

39.5 (12.9)

44.4 (15.1)

0.187

68.3 (3.7)
189.3 (48.5)
28.3 (6.3)
94.4 (15.9)
15 (53.6%)
3 (10.7%)

66.9 (4.3)
181.2 (44.7)
28.3 (6.4)
103.0 (37.2)
15 (50.0%)
4 (13.3%)

0.215
0.530
0.992
0.255
0.786
>0.999

Patients and Methods
Institutional IRB approval was obtained, and informed consent was obtained from all enrolled patients. From
March 2011 to May 2014, the operating surgeons performed
412 Bapplication of external fixation^ surgeries. Inclusion
criteria included patients undergoing upper or lower limb
reconstruction surgery with the use of an external fixator.
Exclusion criteria included enrollment in another prospective study, a diagnosis of diabetes mellitus or rheumatoid
arthritis, the active use of immunomodulators (prednisone or
biologic immunosuppressive medications), a history of infection at the surgical site, known allergy to beta-lactam
antibiotics, the use of any antibiotics within 3 months of
surgery, and neuropathic arthropathy (Table 1).
Patients were randomized 1:1 to receive postoperative
oral antibiotic therapy (ABX) or not (NABX) using a computer randomization program. The control group did not
receive a placebo. Randomization was performed by the
research coordinator and communicated to the teamdedicated inpatient physician assistant (PA) (Table 2). All
patients underwent non-emergent limb reconstruction surgery including the application of an external fixator. Concomitant surgeries performed in the same setting are listed
(Table 3). The half pins used were 6 mm tapered, hydroxyapatite (HA) coated, and stainless steel. These pins were
inserted by hand after pre drilling through a soft-tissue
protection sleeve. The wires used were 1.8 mm, stainless
steel, K-wires. Wires were tensioned to 130 kg except talus
drop-wires, which were tensioned to 70 kg. Tethered skin
was released at the pin sites when necessary. Standard
Table 1 Patient demographics
Patient characteristic (N = 58)
Study group
NABX
ABX
Age at time of surgery
Height
Weight
BMI
Days in frame
Days out from surgery
No. of days post-op before 1st infection
Female sex
Smoker
NABX no antibiotics, ABX antibiotics

n (%)
58
28 (48.3%)
30 (51.7%)
42.1 (14.2)
67.6 (4.1)
185.2 (46.3)
28.3 (6.3)
98.9 (29.0)
15.3 (6.9)
30.2 (21.9)
30 (51.7%)
33 (61.1%)

practices for frame application with stable fixation were
followed ensuring there was no ring instability. All patients
were treated with an identical pin care protocol. Pin site
dressings were removed postoperative day 2 and pin care
was initiated. The sites were cleaned with a solution of
hydrogen peroxide diluted with sterile saline in a ratio of
1:1. Sterile elastic bandaging was wrapped around the pins.
In accordance with our routine perioperative protocols,
all patients received intravenous cefazolin within 1 h prior to
the skin incision and then as necessary intraoperatively [2,
3]; IV cefazolin was then continued every 8 h to complete
24 h of perioperative IV antibiotics. Cephalexin 500 mg four
times daily subsequently was prescribed to the experimental
group (ABX) upon termination of the 24-h IV cefazolin
course. ABX patients were given a prescription to complete
a 10-day course of cephalexin upon hospital discharge. The
surgeons and a registered nurse providing all outpatient
postoperative care for the patients after discharge were unaware of the treatment arm assignment. The study was
conducted prior to electronic medical records and eprescribing making it easy to conceal the study group from
the caregivers. There was no follow-up to ensure compliance
with the four times per day dosing of antibiotic as this is not
the standard of care in this practice.
Pin infection surveys were completed during a 2-week
follow-up visit and at all subsequent visits for 90 days. The
survey was filled out by either the primary nurse or one of
the two treating surgeons for all patients during routine visits
regardless of whether or not they had an infection. The
survey included severity grading of the pin infection [7]
(Table 4). If no infection was present, then that was noted.
Patients were trained to recognize signs of pin infections
including new onset pain at a pin site, increased drainage
Table 3 Surgical procedure
Surgery

NABX
Frequency goals
achieved (%)

ABX
Frequency goals
achieved (%)

p value

Ankle distraction
(N = 27)
Tibia osteotomy (18)
Ankle fusion (6)
Femur osteoplasty (6)
Knee distraction (1)

13 (92.9%)

13 (100%)

>0.999

11 (100%)
4 (100%)
2 (100%)
1 (100%)

7 (100%)
2 (100%)
4 (100%)
0 (0%)

N/A
N/A
N/A
N/A

N/A not available
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Table 4 Pin site infection severity
Gordon Pin Infection
Classification

Description

Grade
Grade
Grade
Grade
Grade

Clean
Pain or erythema, no drainage
Pain, erythema, and serous drainage
Pain, erythema, and purulent drainage
Pain, erythema, purulent drainage with
radiographic osteolysis
Ring sequestrum or osteomyelitis

0
1
2
3
4

Grade 5

from a pin site, purulence at a pin site, or erythema at the
site. When patients developed pin infections at home, they
contacted one of the senior surgeons or the primary nurse.
They were asked to come to the office within the next
business day for grading of the infection, scoring, and treatment. Patients unable to return to the office on short notice
were required to speak to the treating team by telephone and
to email a digital image of the affected site. Grading was
performed based on the clinical information provided. We
recognize that the grading of a pin infection over the phone
and through email introduced a margin of error in diagnostic
accuracy. However, this method of establishing the presence
of a pin infection is used clinically in our practice. We felt
that adherence to our normal protocol would make this study
most applicable to clinical practice. The ability of patients in
the ABX group to adhere to the four times daily dosing was
not recorded as this is not part of our standard practice.
Patients were followed at regular 2–4-week intervals as
dictated by routine postoperative protocols. Routine radiographs were obtained at each visit. These films allowed for
the visualization of the pin-bone interface, which enabled
the diagnosis of pin loosening (stage 4–5 infection). Pin
infection surveys were completed at each visit and for each
phone call/email encounter until POD 90. The endpoint of
90 days was selected because most patients had the frame on
the leg for a period of 90 days, and it was unlikely that an
immediate postoperative course of antibiotics would have
any influence more than 90 days after surgery. Development
of diarrhea, thrush, and drug allergy symptoms was recorded
during the postoperative visits. Pin cultures were taken only
in instances of purulent drainage, as per clinical routine
(Table 5).

Pin infections were generally treated with a 10-day
course of oral cephalexin. In cases where the infection did
not resolve quickly, additional antibiotics were used (typically including doxycycline or bactrim). The choice of additional antibiotic was left to the discretion of the treatment
team.
Statistical Analysis
We hypothesized that receipt of postoperative antibiotics
would not have a significant impact on the incidence or
severity of postoperative pin infections. Our primary endpoint was pin site infection within 90 days of surgery.
Secondary endpoints included severity of infection, achievement of orthopedic goals, incidence of readmission for infection, incidence of surgical site infectious complications
other than pin infection, incidence of antibiotic toxicity, and
frequency of isolation of multidrug-resistant organisms.
Statistical analysis comprised reporting of means and
standard deviations for continuous variables and frequencies
and percentages for discrete variables of the study population. Since continuous variables did not meet the assumption
of normality, non-parametric Mann-Whitney U tests were
used to evaluate differences in the continuous variables
between antibiotic treatment group and control. Chi-square
and Fisher’s exact tests were used to evaluate associations
between categorical variables between the study groups.
Statistical significance was set to p ≤ 0.05 and all analyses
were performed using SPSS version 22.0 (IBM Corp.,
Armonk, NY).

Results
Fifty-eight patients, of whom 30 were randomized to the
ABX group, enrolled. The mean age was 42, and the mean
BMI was 38. There were 30 females (51%). All remained in
the study for the 90-day observation period. Orthopedic
goals were obtained in 57/58. Failed goals occurred in one
patient who failed to benefit from ankle distraction and
proceeded to have ankle replacement surgery. This failure
was unrelated to pin infection. The patient was in the control
group (NABX).

Table 5 Pin site culture results
Culture identity

No growth
Staph epi
CONS
P. acnes
Strep
Enterococcus
Klebsiella

NABX

p value

ABX

Total N

n (%)

Total N

n (%)

12
12
12
12
12
12
12

6 (50.0%)
0 (0%)
3 (25.0%)
0 (0%)
1 (8.3%)
1 (8.3%)
1 (8.3%)

9
9
9
9
9
9
9

5
3
0
1
0
0
0

CONS coagulase negative staphylococci, P. acnes Propionibacterium acnes

(55.6%)
(33.3%)
(0%)
(11.1%)
(0%)
(0%)
(0%)

0.131
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The incidence of pin infection for the entire cohort during the 90-day observation period was 46/58 (79%). ABX
and NABX group incidence rates were 21/30 (70%) and 25/
28 (89%), respectively, without a statistically significant
difference (p = 0.106) (Fig. 1). Although there was no significant difference, there appears to be a trend suggesting
that antibiotics lowered the number of infections. A post hoc
power analysis showed 37.2% power. In order to achieve
80% power, the sample size would need to have been 75 in
each arm of the study (total 150 participants). In cases where
the first line of antibiotic was not working and drainage was
present, pin site cultures were obtained (16/58).
The range of infection severity in this study population
ranged from grade 1 to grade 3, with the highest proportion
of infection severity in each group being grade 2. When
comparing the differences in infection severity between the
study groups, there was no statistical difference found (p =
0.512). Although it appears that there may have been more
severe infections in the no antibiotic group, a post hoc power
analysis of the severity of pin infection showed that we had
12% power. In order to achieve 80% power, 188 patients
would have needed to be in each group (total 376).
The average onset of pin site infection for the entire
cohort was 30 days (5–68 days) after surgery. The average
onset of pin site infection for the ABX group was 32 days
(9–68 days) after surgery. Controlling for the 10 days of
antibiotic administration (calling POD 10 Bday 0^), the onset
of infection was 22 days (−1 to 58 days) from the date of last
antibiotic dose. The average onset of infection for the
NABX group was 28 days (5–65 days). There was no

All Patients (n=412)

Excluded: Not meet
criteria (n=89),
Declined (n=111),
Enrolled in Another
Study (n=154)

Randomized into 2
groups (n=58)

ABX (n=30)

NABX (n=28)

Surgery
24 hrs IV ABX

Surgery
24 hrs IV ABX

Oral Cephalexin
until postoperative
day 10.

No Post Op
Antibiotics

Infection
(n=21)

No Infection
(n=9)

Infection
(n=25)

No Infection
(n=3)

Fig. 1. This figure is a CONSORT group flow diagram demonstrating
the prospective study design used.

significant difference in the onset of infection between the
two groups from the date of surgery. (p = 0.553). There was
no significant difference in the timing of infection onset
between the two groups measured from the date of antibiotic
termination (p = 0.383) (Table 6).
No complications were observed as a result of the oral
antibiotic intervention. No patients developed diarrhea,
thrush, or an allergic reaction to the cephalosporin. Cellulitis
of the leg that required treatment with IV antibiotics developed in 2/30 (6.7%) patients in the ABX group and in 2/28
(7.1%) patients in the NABX group. No significant difference was measured between the two groups regarding the
development of cellulitis; each group had two patients develop cellulitis (p > 0.999). Finally, there were no severe
infections of the reconstructed limbs and no isolation of
multidrug-resistant pathogens from any patients in the study.
Discussion
Complex limb reconstruction is an evolving field, and the
incidence of symptomatic pin site infection after external
fixator placement is high. Any intervention that reduces this
problem deserves study. Postoperative oral prophylactic antibiotics are routinely given after external fixator placement,
but little evidence exists to support this practice. This prospective study aimed to identify whether a short course of
oral postoperative antibiotics could reduce pin infections in
healthy individuals after external fixator surgery. We found
no significant difference between the two groups with regard
to pin site infection incidence, severity, or timing of onset
while recognizing that our data is underpowered.
There are some limitations to this study. While the study
showed a 19% decrease in the proportion of infection onset
between the NABX and ABX groups, the sample size did
not allow for enough statistical power to demonstrate that
difference to be a statistically significant difference. For all
secondary outcomes, a post hoc power analysis revealed a
need for almost three times the number of patients to be
enrolled in the study to find statistical significance in the
effect sizes that were found in our study. We recognize that
even though we did not find significance in the primary
outcome, this may have been because of lack of power. It
was difficult to enroll patients in this study, and the prospect
of tripling the enrollment was impossible. The patients were
not blinded, as the control group was not given a placebo.
Different procedures were performed in different bones,
leading to subgroup heterogeneity. Finally, the role of antibiotics in immunocompromised patients undergoing external fixation surgery may be different, but this was not
addressed in this study. Other limitations include no use of
a placebo in the control group, no compliance data for the
treatment group tracking adherence to the four times per day
regimen, and not tracking how many patients were evaluated
in person verses remotely for pin infections. Discrepancies
between the groups could introduce bias.
Our randomized data show that prophylactic oral antibiotics do not significantly alter the incidence, timing, or
severity of pin infection. Although underpowered, this study
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Table 6 Results
Outcomes

Infection present
No. of days post-op before 1st infection (unadjusted)
No. of days post-op before 1st infection (adjusted)
Max pin grade infection (max. 5)
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Developed cellulitis

NABX

p value

ABX

Total N

n (%)

Total N

n (%)

28
23
23

25 (89.3%)
28.3 (23.2)
28.3 (23.2)

30
20
20

21 (70.0%)
32.4 (20.8)
22.4 (20.8)

0.106
0.553
0.383

25
25
25
25
25
28

5 (20.0%)
11 (44.0%)
9 (36.0%)
0 (0%)
0 (0%)
2 (7.1%)

21
21
21
21
21
30

7 (33.3%)
9 (42.9%)
5 (23.8%)
0 (0%)
0 (0%)
2 (6.7%)

0.512

>0.999

Unadjusted = calculated using postoperative day. Adjusted = calculated not including the 10 days of oral antibiotics for the treatment group

does not support the use of prophylactic oral antibiotics in
healthy patients. We have discontinued this practice in our
institution as a result of these data and have not noticed any
increase in pin infection or severity since doing so over
2 years ago. Both the experimental and control groups had
a high incidence of pin infection, a similar severity, and a
similar timing of infection. Patients that became infected
were treated successfully with antibiotics: oral antibiotics
were effective in treating pin infection once present. WDahl et al. [17] studied the effect of administering 3 days
of prophylactic antibiotics to patients compared with an
historical control group in the setting of proximal tibial
osteotomy using external fixation. The study examined 106
patients with a mean age of 52 years. Sixty patients were
treated with pre-operative antibiotics and three additional
days of postoperative antibiotics. A change in practice called
for a single dose of IV antibiotics before surgery, which is
how a second group of 46 patients was treated. The authors
concluded that there were no differences between the groups
with regard to the postoperative: incidence of pin infection,
severity of pin infection, presence of Staphylococcus aureus,
incidence of pin loosening, number and type of complication, or hospital length of stay. The authors concluded that a
single dose of IV antibiotics within 60 min of surgery was
adequate for infection prevention, and the addition of further
antibiotics was of no benefit. These findings were similar to
ours, in a group of patients undergoing like surgery.
While our study was powered to demonstrate a superior effect of oral antibiotics versus a standard control,
future non-inferiority or equivalence studies need to be
designed with the necessary sample size to truly demonstrate the equivalent effect of oral antibiotics compared to the standard control. Our study currently can
conclude only that there was no difference between the
antibiotic and non-antibiotic groups. Ultimately, the incidence of pin site infections is high, whether or not
postoperative antibiotics are given. The higher incidence
of infection in our study compared to others could have
many etiologies including pin care protocol, patient demographics, or hyper vigilance by providers. It is important to explore whether future modalities of
prevention (including changes to pin site and skin care

protocols, early prediction and recognition of symptom
onset, and improvements in anti-infective attributes of
surgical materials) may offer benefits that postoperative
oral antibiotics lack.
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