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ABSTRACT

Background: Surgical-site infection accounts for approximately 10% of all hospital-acquired infections, which are
estimated to double the cost of care and result in an additional mean of 6.5 days of hospital stay. We did prospective
study of surgical site infection of orthopaedic implant surgeries.

Methods: The aim of the study is to assess the clinical and microbiological outcome of 125 patients who had open
reduction and internal fixation with implants and prosthesis at Southern Railway Hospital from January 2006 to
January 2007, and its strength of association with major risk factors using univariate analysis. In our study, Patients
were allocated in to three groups as NINS risk index group 0, 1 and 2 with risk factors as duration of surgery >2 hours
and ASA class >3. Post-operative wound infection was diagnosed based on the criteria of Center of Disease Control
and assessed for the period of 6 weeks using National Nosocomial Infections Surveillance Risk Index.

Results: There were 87 male and 38 females in the study. From 125 Patients, 13 patients had post-operative
superficial surgical site infection and presented within 21 days of operation. The infection rate was 10.4%. Two
Patients developed deep infection after 6 weeks of study. All the cases with superficial infection were followed at
regular intervals, 11 cases resolved with regular dressing and antibiotics but 2 cases continued to discharge sinus up to
3 months.

Conclusions: The study showed that the risk of infection rate increased significantly with ASA score, duration of
surgery, obesity and NINS risk index. There was no significant association of infection rate with age, diabetes and
smoking.
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INTRODUCTION

Open reduction and internal fixation of fractures with
implants and prosthesis has become the first line in the
management of fractures in most trauma centres. This is
not only because of the better understanding of the
biomechanics of implantable materials but more
importantly because of the better functional outcome in
these patients.! Surgical-site infection accounts for

approximately 10% of all hospital-acquired infections,
which are estimated to double the cost of care and result
in an additional mean of 6.5 days of hospital stay."

This category of patients is particularly vulnerable
because open reduction and internal fixation interferes
with the blood supply to the bones and implants are
foreign bodies, which provide surfaces for bacterial
adherence.” The microbiology of post-operative wound
infections in all surgical services has changed very little
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over the years. Staphylococcus aureus is the single most
commonly encountered organism. Others included
aerobic gram negative organisms such as Escherichia
Coli, Pseudomonas species, Proteus species and
Enterococcus.

Cure of an infection associated with an implant is usually
achieved by debridement of all devitalized tissue, long-
term antimicrobial treatment and removal of the implant
and associated cement. Whyte et al found that the source
of contamination was the patient’s skin in 2% of cases
and theatre personnel in 98% of cases. In the latter, 30%
of contaminants reach the wound directly via the air and
70% reach the wound via hands of the surgical personnel
or the instruments used.’

The study on the efficacy of nosocomial infection control
demonstrated that well-organised surveillance programs
for infection control including feedback of the rates of
infection to surgeons were associated with significant
reduction in surgical site infection.*

METHODS

This is a prospective study of 125 patients who had open
reduction and internal fixation with implants and
prosthesis that satisfied a set of inclusion criteria in
southern railway headquarters hospital, Chennai between
January 2006 to January 2007. There were 87 male and
38 females in the study.

Inclusion criteria

All closed fractures, patients with osteoarthritis of hip
and knee treated with arthroplasty, duration of post-
operative superficial surgical wound infection of less than
6 weeks, good condition of surrounding soft tissue and
bone stock pre-operatively, a stable implant on
radiological examination post-operatively, patient treated
with Cefazolin and Garamycin as a perioperative
prophylaxis.

Exclusion criteria

All compound fractures, presence of skin infection at the
site of incision preoperatively, patient treated with
antibiotic prophylaxis other than cefazolin.

Pre-operative evaluation

Pre-operatively patients were assessed of their comorbid
conditions like diabetes mellitus, Obesity etc. and were
categorized according to ASA class. Blood sugar was
monitored preoperatively with periodic checkup and
controlled for strict glycemic level during surgery and
peri-operative period.

Choice and timing of antibiotics

Cefazolin 1 g with Garamycin 80 mg used for antibiotic
prophylaxis and administered sixty minutes prior to the

incisions and ideally as near to the time of the incision.
Additional Intraoperative dose was given if the duration
of the procedure exceeded 2 hours or if there was
substantial loss of blood. Post-operatively, antibiotics
continued for 24 hours and stopped.

Skin preparation

Hairs were removed with clippers or razor on the OT
table just prior to the incision. Povidine iodine was used
as an antiseptic for patients and for surgeons hand
scrubing.

Implants and prosthesis

All the cases were operated at an average of 3 days after
admission (1-10 days). Of 125 patients, 32 patients were
treated with dynamic compression plate, 23 with dynamic
hip screw, 10 with bipolar hip prosthesis, 8 with total hip
prosthesis, 8 with cancellous screws and others were
given in the figure below.
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Figure 1: Implants and prosthesis included.
Post-operative protocol
Wound surviellance

The primary end-point of this study was six completed
weeks following operation. Wounds were examined for
presence or absence of Superficial surgical infection
which met standard definition met by Center of Disease
Control (CDC) on days three; seven, fourteen, at
discharge and subsequent follow-up visits at the
outpatient clinic. A wound proforma was completed for
the patients included for this study during this periods.
Clips were removed 10 days post-operatively.

NINS risk index

All the procedures were allocated a risk group based on
NINS risk index of 0, 1, 2 or 3. This index is based on
three  risk  factors: American Society  of
Anaesthesiologists score >3, duration of surgery of more
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than 2 hours, and wound class. In our study all the
Patients with clean wound taken, Hence NINS index
evaluated with score of 0, 1, 2.

Statistical methods

A generalised linear model was used to determine
significant, independent predictors of the risk of Surgical
Site Infection, while taking into account the confounding
effect of other predictors. Univariate analysis of infection
rates for each categorical variable was compared by
computing odds ratio risks along with 95% confidence
intervals (CI). Length of stay could not be included in the
linear model since it appeared after the outcome of SSI
and was therefore not a predictor. The variables included
in this study are sex, age (<70 or >70), ASA score (<3 or
>3), duration of surgery (<120 min or >120 min),
diabetes, obesity, NINS risk index (0, 1, 2) and smoking.

RESULTS

In the period between January 2006 to January 2007, 125
patients who were operated with implants and prosthesis
taken in to prospective study. There were 87 male and 38
females in the study. From 125 patients, 13 patients had
post-operative superficial surgical site infection and
presented within 21 days of operation. 6 Males and 7
females developed surgical site infection. The infection
rate was 10.4%. Two Patients developed deep infection
after 6 weeks of study. Of 13 infection, most common
infection identified was Staphylococcus aureus in 5
patients, MRSA in 3 patients and the rest are shown in
the below figure.

Infected
10% (13)
Not
Infected
90% (112)

Figure 2: Percentage of patients infected.
Implants and prosthesis vs. infection

The distribution of prosthesis and implants and its
incidence of infection rate in each implants are given
below.

NINS risk index

In our study, Patients were allocated in to three groups as
NINS risk index group 0,1 and 2 with risk factors as
Duration of surgery >2 hours and ASA class >3. Of 13
infected patients, 8 patients had NINS risk index Grade-2,
4 patients had NINS risk index Grade-1 and 1 patient

Grade-0. Hence as the NINS risk Index increases, the
infection rate increases.
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Figure 3: Distribution of organisms.
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Figure 4: Implants vs. infection.
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Figure 5: NINS risk index vs. infection.
Risk factors associated with infection

Univariate analysis of Infection rates for each categorical
variables was compared by computing odds ratio along
with 95% confidence intervals (CI). The variables used
are age >70, sex, ASA class >3, NINS risk Grade 1 & 2
against Grade 0, duration of surgery > 120 min, diabetes,
obesity, and smoking. All analyses were performed with
test of significance level of 5% ie., A p<0.05 as
significant.
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Table 1: Single variable analysis for risk factors of SSI.

No Variables Odds ratio 95% CI P value Significant
Sex

1 Male 6 81 7.5
Femnale 7 31 184 0.328 0.102 to 1.053 >0.05 No
Age

2 >71 3 14 17.6
<70 10 98 9.2 2.1 0.514t0 8.571 >0.05 No
Smoking

3 Yes 3 23 11.5
No 10 98 101 1.161 0.29 to 4.56 >0.05 No
ASA score

4 Class >3 8 9 47
Class <3 5 103 5 18.31 494 t0 67.77 <0.05 Yes
Obesity

5. Yes 4 4 50
No 9 108 77 12 2.562 t0 56.186 <0.05 Yes
Diabetes

6. Yes 4 23 14.8
No 9 99 91 1.719 0.4859 to 6.086 >0.05 No
Duration of surgery

7. >120 min 11 27 28.9
<120 min 5 85 53 17.31 3.611 to 83.03 <0.05 Yes
NINS risk index

8. Grade 1 or 2 12 33 36.3
Grade 0 1 79 12 27.882 3.48 t0 223.02 <0.05 Yes

From the analysis, variables— ASA score, obesity,
duration of surgery and NINS risk index were
significantly associated with Superficial Surgical site
infection. Variables- sex, age, smoking and diabetes were
not associated with Infection.

Ilustrative cases

Case 1: A 74 year old male, a diabetic and obese patient
had an alleged H/O accidental fall at his home and DHS
fixation done for hip fracture. NINS risk index— Grade- 2
(1 for ‘ASA class 3 ‘and 1 for duration for surgery). On
7" post-operative day, he developed serous discharge
from Sutured wound, Culture report— Escherichia coli
and Pseudomonas aurogenosa sensitive to Cefaperazone
and Sulbactum. Patient was started on above antibiotics
for 4 weeks and Wound healed at 5 weeks after daily
dressing.

Case 2

A 41 Yr old male, a non-diabetic patient suffered
Fracture Tibia and Intra- medullary Nailing done. NINS
RISK INDEX — Grade- 1 (duration for surgery more than
120 min). On 11th post-op day, he developed serous
discharge from lower leg Sutured wound. Culture report—
methicillin resistant Staphylococcus aureus sensitive to

Vancomycin. He was started on above antibiotics for 4
weeks and wound healed at 5 weeks after daily dressing.

Figure 6: A= Pre-operative X-ray; B= Post-operative
X-ray; C= Post-operative 2 weeks; D= Post-operative
5 weeks.
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Figure 7: A= Pre-operative X-ray; B= Post-operative
X-ray; C= Post-operative 12th day; D= Post-operative
5 weeks.

DISCUSSION

The biomaterial itself then has become the focus of
infection. These infections are mainly caused by direct
contamination during surgery, but they can also be
caused by haematogenous spread of bacteria from an
infection site somewhere else in the human body.®> The
clinically important step of bacterial attachment to the
surface of a biomaterial is then followed by aggregation
of other bacteria, growth and multiplication of the
bacteria, resulting in biofilm formation.®

Risk factors for surgical site infection

The most critical factors in the prevention of post-
operative infections are the sound judgement and proper
technique of the surgeon and surgical team, as well as the
general health and disease state of the patient.” The risk
of infection in each patient can be evaluated by
considering both patient-dependent factors and Surgeon-
dependent factors.

Patient dependent factors

Various patient-related risk factors are inherent to the
host and cannot be altered, whereas others may be
reduced or eliminated by preoperative screening and
appropriate preventive measures.

1. Malnutrition,

2. Secondary cell-mediated deficiencies due to steroid
therapy, malnutrition, lymphoma, autoimmune
deficiency syndrome predisposing to fungal and
mycobacterial infections.

3. Obesity,
4, Diabetes mellitus,
5. Smoking.

Surgeon related factors
1. Pre-operative factors

Skin preparation: Preoperative skin preparation is an
important factor in the prevention of infection, but it
removes only up to 80% of skin flora. Selwyn S et al
showed that the preparation bacterial counts among
inpatients who received preoperative hexachlorophene
showers were significantly lower than that of outpatients
who did not receive preoperative showers.® The standard
surgical antisepsis involves scrubbing the skin with
antiseptic  solutions.  Scrubbing with clorhexidine
significantly reduced hand bacterial counts compared
with povidone-iodine.’

Preoperative hair preparation: Shaving immediately
before the procedure decreased the infection rate
compared with shaving within 24 hours, which is
probably the result of microscopic abrasions that house
bacteria.’

2. Intraoperative factors

Operating room: Infection rates have been shown to
correlate with the number of airborne bacteria within 30
cm of the wound. The source of the environmental
bacteria in the operating room has been shown to be the
operating room personnel, and the quantity of
environmental bacteria is related directly to the amount of
bacteria the personnel shed and the number of people
present: 30% of people are colonized by S.aureus, and
people shed about 106 skin scales loaded with bacteria
per day.™

A cohort study by Knobben et al demonstrated that,
compared with the use of conventional airflow systems,
use of a laminar flow system significantly decreases the
rates of bacterial wound contamination, prolonged wound
discharge, and superficial surgical site infection."*

The greatest source of airborne bacteria is the operating
room personal, with ears and beard being the two areas
most likely to shed bacteria. The number of bacteria shed
by operating room personnel can be decreased by using
air exhaust systems or completely covering ears and
beards.*

Duration of surgery: When operating room time for
orthopedic procedures increases, the rate of infection also
increases. Pryor F et al found that surgical time of <1
hour is associated with an infection rate of approximately
0.3%, doubling the surgical time triples the infection rate,
a surgical time of 3 hours results in an infection rate of
approximately 5%, and 6 hours of surgery has an
infection rate of approximately 9%."
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Blood loss: In orthopedic surgery, blood loss tends to be
substantial because of the nature of muscle tissue and the
inability to cauterize bleeding bony surfaces, especially
during procedures such as revision hip replacement and
spinal surgery Other factors that can influence the amount
of blood loss include anesthetic type, use of medications,
and use of fibrin sealant.

Antimicrobial prophylaxis: The use of antimicrobial
agents for prophylaxis represents the most effective
method of reducing the prevalence of wound infection
after orthopedic surgery and should be considered
essential to the overall prevention approach.**” The most
common organisms are Staphylococcus aureus and
coagulase  negative  Staphylococcus  epidermidis.
Therefore either cefazolin or cefuroxime should be used
in conjunction with hip or knee arthroplasty, fixation of
closed fractures, and most elective orthopaedic
procedures.'®*

Table 2: Recommendation by the American academy
of orthopaedic surgeons for repeat dose of
antibiotics.

Antibiotics Frequency of administration

Cefazolin Every 2-5 hours
Cefuroxime Every 3-4 hours
Clindamycin Every 3-6 hours
Vancomycin Every 6-12 hours

Antibiotics should be administered within sixty minutes
prior to the incision and ideally, as near to the time of the
incision as possible. An additional intraoperative dose is
advised if the duration of the procedure exceeds one to
two times the half-life of the antibiotic or if there is
substantial blood loss during the procedure.®#

The postoperative duration of routine antibiotic use has
decreased from multiple days to twenty-four hours.
Research by Nelson et al supports prophylactic
administration for 24 hours after total hip or knee
arthroplasty or hip surgery.”? Heydemann et al showed
that there is no significant difference in the rate of
surgical site infection between the group that had
received a single dose of antibiotics and groups that had
received prophylaxis for two, three or seven days.?

Postoperative hematoma: A postoperative hematoma
after orthopedic surgery may be an important
contributing factor in the development of prolonged
drainage, delayed wound healing, or wound infection.
Closed deep suction drainage of wounds after many
orthopedic procedures has become an established routine
procedure, with the aim of preventing wound hematomas
and thereby reducing wound complications and infection.

Comparative studies
Onche and Adedeji prospectively studied two hundred

and fifty-four patients who had open reduction and
internal fixation with implants and prosthesis. The

infection rate was 7.5%. Plates and screws were the
commonest implant. Thirty-six bacterial isolates were
recovered. Staphylococcus aureus was the commonest in
16 cases.”

Marculescu et al prospectively gathered clinical,
operative and infection data on in patients from 102
hospitals by the single variable analysis of THRs and
concluded that Age, female gender, American Society of
Anaesthesiologists (ASA) score, body mass index,
trauma, duration of operation and pre-operative stay were
significantly associated with the risk of Surgical Site
Infection (p<0.05).

Olsen et al performed a retrospective case-control study
and by univariate analyses showed that serum glucose
levels, preoperatively and within five days after the
operation, to be significantly higher in patients in whom
surgical site infection developed than in uninfected
control patients. Diabetes was associated with the highest
independent risk of spinal surgical site infection, and an
elevated preoperative or postoperative serum glucose
level was also independently associated with an increased
risk of surgical site infection.?®

Table 3: Comparative studies.

No Stud Inference

1 Onche and O. Infection rate: 7.5%
Adedeji etal**  S. aureus commonest
Age, female gender, American
Society of Anaesthesiologists
(ASA) score, body mass index,
Marculescu et : :
2 trauma, duration of operation

al® X
and pre-operative stay were

significantly associated with the
risk of Surgical Site Infection
Elevated preoperative or
postoperative serum glucose
level was also independently
associated with an increased
risk of surgical site infection.
Infection rate : 10%

S. aureus commonest

ASA score, duration of surgery,

3 Olsen et al?®

4 Our study obesity and NINS risk index
were significantly associated
with the risk of surgical site
infection.

CONCLUSION

In our study we conclude that Staphylococcus aureus
remains the most important organism responsible for
Post-operative wound infections in Orthopaedic Implants
and prosthesis. Nearly two-thirds of isolates of S. aureus
were  methicillin-resistant, which  has important
implications for both antimicrobial prophylaxis and the
treatment of superficial surgical site infection in
orthopaedic surgery. The risk of infection rate increased
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significantly with 1. ASA score, 2. Duration of surgery,
3. Obesity and 4. NINS risk index.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
institutional ethics committee

REFERENCES

1.

10.

11.

12.

13.

14.

Schatzker J. Principles of stable internal fixation. In:
Schatzker J, Tile M (eds) The rationale of operative
fracture Care. Spinger-Verlag, Berlin; 1996: 10-11.
Sisk DT. General principles of fracture treatment.
In: Crenshaw AH (ed) Campbell’s operative
orthopaedics. Mosby, Missouri; 1987: 1551-1561.
Whyte W, Hodgson R, Tinkler J. The importance of
airborne bacterial contamination of wounds. J Hosp
Infect. 1982;3:123-35.

Haley RW, Culver DH, White JW, Morgan WM,
Emori TG, Munn VP, et al. The efficacy of infection
surveillance and control programs in preventing
nosocomial infection in the US hospitals. Am J
Epidemiol. 1985;121:182-205.

Neut D. Biomaterial-associated infections in
orthopaedics-prevention and detection-. Thesis,
University of Groningen, 2003.

Costerton JW, Stewart PS, Greenberg EP. Bacterial
biofilms: a common cause of persistent infections.
Science. 1999;284:1318-22.

Gurkan 1, Wenz JF Sr. Perioperative Infection
Control: An Update for Patient Safety in Orthopedic
Surgery. Orthopedics. 2006;29:329.

Selwyn S, Ellis H. Skin bacteria and skin
disinfection reconsidered. Br Med J. 1972;1:136-40.
Kaul AF, Jewett JF. Agents and techniques for
disinfection of the skin. Surg Gynecol Obstet.
1981;152:677-85.

Bethune DW, Blowers R, Parker M, Pask EA.
Dispersal of Staphylococcus aureus by patients and
surgical staff. Lancet. 1965;1:480-3.

Knobben BA, van Horn HC, Bussher HJ. Evaluation
of measures to decrease intraoperative bacterial
contamination in orthopaedic implant Surgery. J
Hosp Infect. 2006;62:174-80.

Owers KL, James E, Bannister GC, Source of
bacterial shedding in Laminar flow theatre. J Hosp
Infect. 2004;58:230-2.

Pryor F, Messmer PR. The effect of traffic patterns
in the OR on surgical site infections. AORN J.
1998;68:649-60.

Boyd RJ, Burke JF, Colton T. A double blind
clinical trial of prophylactic antibiotics in hip
fractures. J Bone Joint Surg Am. 1973;55:1251-8.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hill C, Flamant R, Mazas F, Evrard J. Prophylactic
cefazolin versus placebo in total hip replacement,
Report of multicentric double blind randomized
trial. Lancet. 1981;1:795-6.

Boxma H, Broekhuizen T, Patka P. Randomised
control trial of single-dose antibiotic prophylaxis in
closed  fractures.  Dutch  trauma  Lancet.
1996;347:1133-7.

Gillespie WJ, Walenkamp G, Antibiotic prophylaxis
for surgery for femoral and other closed long bone
fractures.  Cochrane  Database  Syst  Rev.
2000;2:CD000244.

Page CP, Bohnen JM, Fletcher JR. Antimicrobial
prophylaxis for surgical wounds, Guidelines for
clinical care. Arch Surg. 1993;128:79-88.

Gilbert DN, Moellering RC. The Stanford guide to
antimicrobial therapy, 35th ed. Hyde park, VT.
Antimicrobial Therapy. 2005: 125.

Hanssen AD, Osmon DR. The use of prophylactic
antimicrobial agents during and after Hip
arthroplasty. Clin Orthop Relat Res. 1999;369:123-
38.

American academy of orthopaedic surgeon.
Advisory statement, Recommendations for the use
of intravenous antibiotic prophylaxis in primaru
total hip repalcement. Available at:
WwWWw.aao0s.org/about/papers/advistmt/1027.asp.
Accessed on 3 August 2017.

Nelson CI, Green TG. One day versus seven days of
preventive antibiotics therapy in orthopaedic
surgery, Clin Orthop Relat Res. 1983;176:258-63.
Heydemann JS, Nelson CL. Short term preventive
antibiotics, Clin Orthop Relat Res. 1986;205:184-7.
Adedeji O. Microbiology of post-operative wound
infection in implant surgery. Nigerian J Surg Res.
2004;6(1):37-40.

Marculescu CE, Berbari EF, Hanssen AD,
Steckelberg JM, Harmsen SW, Mandrekar JN, et al.
Outcome of prosthetic joint infections treated with
debridement and retention of components; Clin
Infect Dis. 2006;42(4):471-8.

Olsen MA, Nepple JJ, Riew D, Lenke LG, Bridwell
KH, Mayfield J, et al. Fraser, Risk Factors for
Surgical Site Infection following Orthopaedic
Spinal Operations. J Bone Joint Surg Am.
2008;90:62-9.

Cite this article as: Thahir M, Gandhi S, Kanniyan
K, Kumar R. A prospective study of surgical site
infection of orthopedic implant surgeries. Int J Res
Orthop 2018;4:1-7.

International Journal of Research in Orthopaedics | January-February 2018 | Vol 4 | Issue 1  Page 7



