Journal of Babylon University/Pure and Applied Sciences/ No.(2)/ Vol.(21): 2013



The Incidence and Risk Factors of Infection in Clean Orthopedic Implant Surgery
Jameel Tahseen Mehsen                                Alaa A .Hussein Al-Algawy
Babylon University /college of medicine       Babylon University /college of medicine
Abstract 
Infection related to osteosynthesis often has dramatic consequences for the patient. Prolonged hospitalization with systemic antibiotic therapy, several revision procedures. The pathogenesis of infections associated with fracture-fixation devices is related to microorganisms growing in biofilms, which render these infections difficult to treat.

It is one year prospective study which was conducted in orthopedic unit of Al-hilla teaching hospital from April 2009-May 2010, It is aimed to determine the incidence of infection in clean orthopedic implant surgery, to assess the risk factors and to identify the infecting microorganism.  we collected the patient demographic data in preformed card which include age, gender, smoking, associated disease, type of fixation, duration of surgery, the use of prophylactic antibiotics and drains. In this study closed clean fracture cases were included; the open and infected fractures were excluded. The follow up was done every month for up to 6 months. The diagnosis of infection was made on clinical and microbiological bases.
Out of 132 patients the infection developed in 16 patients (12.1%), Of those 16 infected cases there were 7 (43.75%) patients with superficial infection and 9 (56.25%) patients with deep infection, there were 13 (81.25%) patients with early infections, 1 (6.25%) patients with delayed infection and 2 (12.5%) patients with late infection. Out of the 16 patients with clinical surgical site infections there were 15 (93.75%) patients with positive cultures. The most frequently isolated microorganisms were Staphylococcus aureus in 7 cases (43.75%). Of the 16 infected cases there were 7 patients with skin abrasion, 6 patients had smoking 2 patients aged more than 65 years and only one  patient with diabetes mellitus.

There is a high incidence rate of surgical site infections in this study in comparison with developed countries and some developing countries and this require proper measures to control it because it has great financial burden on patient and on hospital resources, points for intervention could be reduction of personnel in operating theater during surgery, better dealing with surgical wounds, use of ultraclean air flow system in the operating room and training programs for operating room staff about sterilization, hand scrub and draping. 
الخلاصة

من المعروف ما للالتهابات  الخمجية عقابيل  عمليات التثبيت الداخلي في العظام والمفاصل من  نتائج وخيمة على المريض من ناحية فترة بقائه في المستشفى وتكاليف علاجه من الناحية الاقتصادية عليه وعلى المستشفى من علاج وعمليات متعاقبة .

هذه الدراسة الحية اجريت في مستشفى الحلة التعليمي العام ولمدة سنة واحدة من نيسان 2010 الى مايس 2011   تهدف الى تحديد نسبة حدوث الخمج البكتيري وعوامل الخطورة ونوع البكترية المسببة لذلك عقابيل عمليات التثبيتات الداخلية للعظام والمفاصل للمرضى الداخلين لمستشفى الحلة التعليمي العام.

تم اختيار المرضى المصابين بكسور مغلقة وأستثناء المصابين بكسور مفتوحة او الذين يعانون من كسور ملوثة اصلا. وتمت متابعتهم  بالفحص السريري والفحوصات المختبرية شهريا لمدة ستة اشهر متعاقبة. وكان من اصل 132مريضا هناك 16 مريضا (12.1%) حدث له التهاب خمجي بكتيري بعد العملية الجراحية ,سبعة منهم كان التهاب بكتيري سطحي وتسعة منهم التهاب بكتيري عميق.وكان 13 منهم التهاب بكتير مبكر ومريسض واحد يعتبر التهاب بكتيري متأخر نسبيا واثنان منهم متأخر كثيرا في الحدوث. وخلال الفحص المختبري كان 15 من اصل 16 مريض قد تم التأكد من تشخيصه بواسطة المزرعة الجرثومية أيجابيا بينما كانت النتيجة سلبية في مريض واحد  فقط.

تعتبر نسبة 12,1 % لحصول الالتهابات البكتيرية عقابيل عمليات تعتبر نظيفة اصلا في العظام والمفاصل بعد التثبيتات العظمية   في هذه الدراسة  , هي نسبة عالية نسبيا لما هي عليه في الدول المتقدمة وبعض الدول النامية ونعزوها لظروف صالة العمليات في مستشفانا حيث اننا لم نقع على عوامل مؤكدة تتعلق بالمريض والجراح. وهذا مايسترعي الأنتباه  لغرض تحسين ظروف صالات العمليات في مستشفياتنا.
Introduction
Infection related to osteosynthesis still remains a feared and probably one of the most serious complications in orthopedic surgery. This may require removal of infected device (Beck A, Kinzl L, Bischoff M 1999, Sanderson PJ 1989, Taylor GJ, Bannister GC, Calder S 1990), multiple revisions with debridement, and long-term systemic antibiotic therapy, including all its side effects (Southorn PA, Plevak DJ 1986, Suter F, Avai A.  1994, Wall R  1988, Wood MJ. 1996).  Staphylococcus aureus is the predominant organism associated with infected metal implants (Eron LJ.  1997) .These bacteria are characterized by their high affinity to bone, their rapid induction of osteonecrosis, and resorption of bone matrix (Littlewood EA 1997) .An important factor of this high pathogenity to bone could be surface-associated material from these bacteria, which stimulates osteoclastic activity in vitro (Meghji S 1998) .The incidence of infection after internal fixation of closed fractures is generally lower (1−2%), whereas the incidence may exceed 30% after fixation of open fractures (McGraw JM 1988, ObremskeyWT 2003, Perren SM 2002 , Raahave D 1976) .
Pathogenesis

Implant-associated infections are typically caused by microorganisms growing in biofilms (Trampuz A 2003) .Depletion of glucose or oxygen and/or waste product accumulation in biofilms causes microbes to enter into a slow- or nongrowing (stationary) state, rendering them up to 1,000 times more resistant to most antimicrobial agents than their planktonic (free-living) counterparts (Donlan RM 2002, Stewart PS Costerton JW 2001) Adherence of microorganisms to the surface of the implant involves rapid attachment to the surface by specific factors (such as adhesins) or nonspecific factors (such as surface tension, hydrophobicity, and electrostatic forces) (Darouiche RO 2001)  .This initial phase of adherence is followed by an accumulative phase during which bacterial cells adhere to each other and form a biofilm. Foreign bodies remain devoid of a microcirculation, which is crucial for host defense and the delivery of antibiotics, another factor is activation of neutrophils on foreign surfaces results in the release of human neutrophil peptides that deactivate granulocytes(Kaplan SS,  1999) .
Infections associated with internal fixation of the fracture generally occur exogenously by the penetrating trauma itself (preoperatively), during insertion of the fixation device (intraoperatively), or during disturbed wound healing (postoperatively) (Arens S, 1996, Arens S 1999, Benson DR 1983 ) .Hematogenous infection is less frequent and is mainly caused by bacteremia originating from the skin, and respiratory, dental, and urinary tract infection (Law MD Jr, Stein RE 1993) .
 Infections after internal fixation are classified into those with early (less than 2 weeks), delayed (2−10 weeks), and late onset (more than 10 weeks) (Gustilo RB 1987, Leutenegger AF 1990 , Willenegger H Roth B 1986) .Infections with delayed and late manifestations are usually grouped together, since their clinical presentation, treatment, and prognosis are similar (Ochsner PE, Sirkin MS, Trampuz A 2006) .
There is no single routinely used test is sufficiently accurate to diagnose infection. Therefore, a combination of clinical, laboratory, histopathology, microbiology, and imaging studies is usually required;

After surgery, C-reactive protein (CRP) is elevated and returns to normal within weeks(Shih LY 1987) .A secondary increase of CRP, after an initial postoperative decline, is highly suggestive of infection. Preoperative aspirate of fluid accumulation and intraoperative tissue cultures provide the most accurate specimens for detecting the infecting microorganism. It is important to discontinue any antimicrobial therapy at least two weeks before tissue sampling for culture, if possible (Spangehl MJ 1999) .Polymerase chain reaction (PCR) may further facilitate diagnosis as an extremely sensitive diagnostic method (Trampuz A  2003) .Positron emission tomography (PET) and PET-CT appear to be valuable new techniques in the diagnosis of implant-associated osteomyelitis (Schiesser M 2003) .
Prevention of Infections after clean orthopedic implant surgery

Given the difficulty and increased expense of the treatment of infection after internal fixation of fractures (Bloom BS, Esterhai JL Jr 1992 ) .prevention is extremely important. There are two essential steps in the prevention of infection: 

Prophylactic Antibiotic Therapy

In cases of closed fracture, administration of a first-generation cephalosporin 30 minutes before surgery provides adequate coverage. It is not necessary to continue prophylaxis for more than 24 hours  (Boxma H  1996 )
Surgical Technique

Minimizing the surface area of exposed bone and of implants will lessen the likelihood of infection, because the area available for bacterial adherence will be smaller. Furthermore, one should ensure that healthy tissue is presented adjacent to the implant and bone, so that viable host cells are available to cover the surface immediately.
Methods
This single centre prospective study was conducted in Al-hilla teaching hospital /orthopedic unit from April 2009 to May 2010. This teaching hospital has catchment population of approximately 1.5 million people and it is the reference centre of the Babil province. 

The inclusion criteria were closed fracture cases in both gender and in different age groups admitted for implant surgery. The exclusion criteria were open fractures and infected fractures. 
The patients characteristics were collected and recorded on a standardized form which include name, age, gender, type of surgery, duration of surgery, smoking, associated medical diseases, usage of drain, prophylactic antibiotics and the condition of skin.
Full clinical examination was done for each patient to exclude a hidden remote septic focus.
Prophylactic antibiotics in form third generation cephalosporin (ceftriaxon) in dose of 0.5-1g depending on the age of the patient were given in all patients at the induction of the anesthesia and were continued for 3-4 days after surgery. The wounds were irrigated with normal saline solution (500-1500 ml) prior to suturing. Drains were used in 94 of 132 patients and were removed on 2nd-3rd postoperative day. The wounds were inspected on 4th-5th postoperative day for any signs of infection and the patients were usually discharged from the hospital on the 5th postoperative day if the wound clean, then the patients were seen 10-14 days after surgery for inspection of the wound and for sutures removal then the follow up was done up to six months on monthly basis.
The diagnosis of infection was clinical (presence of pain, tenderness, swelling, hotness and discharge from the wound) and microbiology by obtaining swab for culture and sensitivity from the wound discharge. The infection was considered superficial if didn’t penetrate the deep fascia while deep infection was inside the deep fascia.
All infections were treated with antibiotics and in some cases removal of implant with wound excision and debridement.
Results 
In this study a total of 132 patients were assessed after surgery, the characteristic features of those patients are shown in table 1 and the different types of surgery with their associated infection rates are shown in table 2, there are 94 (69.7%) male and 38 (30.3%) female, the mean age 30 years With 48 (36.3%) patients aged 0-18 years, 72(54.5%) patients aged 19-65 years and 12(9%) patients aged over 65 years. 27 (20.4%) patients are smokers, 7(5.3%) patients have hypertension, 3(2,27%) have  diabetes mellitus, 1(0.7%) has asthma,  1patient has myopathy, 1patient has rheumatoid arthritis and 1 patient has  soft tissue fibrosarcoma. In 117 (88.6%) patients the skin was intact and in 15 (11.3%) patients there was skin abrasion. (table 1).

Table 1 characteristic of the operated patients

	Characteristics
	Number of patients
	percentages

	Total number of the patient
	132
	

	Gender

	Male
	94
	69.7

	Female
	38
	30.3

	Age

	0-18
	48
	36.3

	19-65
	72
	54.5

	more than 65
	12
	9

	smoking
	27
	20.4

	H.T
	7
	5.3

	DM
	3
	2,27

	Other medical illness

Asthma  

RA 

Myopathy  

Soft tissue fibrosarcoma  
	1

1

1

1
	0.7

0.7

0.7

0.7

	Intact skin
	117
	88.6

	Skin abrasion
	15
	11.3

	Duration of surgery

	1 hr and less
	46
	34.8

	More than 1 hr-2hr
	57
	43.1

	More than 2 hr-3hr
	29
	21.9


Out of 132 operated patients 16 developed an infection (the incidence rate was  12.1%), of these there are 5 (3.78%) patients with infected plate of tibia, 3 (2.27%) patients with infected plate of femur, 2 (1.51%) patients with infected k-wire, 1 (0,75%) patient with infected IM nail femur, 1 (0.75%) patient with infected plate of humerus, 1 (0.75%) patient with infected plate of radius and ulna, 1 (0.75%) patient with infected DHS, 1 (0.75%) patient with infected Austin Moore arthroplasty and 1 (0.75%) patients with infected Cannulated screws. table 2
Table 2 Different types of implants with their associated infection rates

	Type of operation
	Performed
	Infected cases
	Percentage (%)

	IM nail tibia
	4
	O
	0

	IM nail femur
	6
	1
	0.757

	Plate and screws tibia
	12
	5
	3.787

	Plate and screws femur
	36
	3
	2.272

	Plate and screws humerus
	8
	1
	0.757

	Plate and screws of 

Radius and ulna 
	3
	1
	0.757

	Plate and screw clavicle
	1
	0
	0

	Dynamic hip screw
	6
	1
	0.757

	Austin Moore prosthesis
	5
	1
	0.757

	Bipolar hip prosthesis
	2
	0
	0

	Total hip arthroplasty
	4
	0
	0

	Cannulated screws 
	6
	1
	0.757

	Blade plate
	5
	0
	0

	K-wire
	26
	2
	1.515

	Rash nail
	8
	0
	0

	Total 
	132
	16
	12.1


Of those 16 infected cases there were 7 (43.75%) patients with superficial infection and 9 (56.25%) patients with deep infection, there were 13 (81.25%) patients with early infections, 1 (6.25%) patients with delayed infection and 2 (12.5%) patients with late infection. Table 3 
Table 3 Types of surgical site infection

	Type of infection
	Number of  infected cases
	Percentage(%) 

	Superficial
	7
	43.75

	Deep
	9
	56.25

	Early 
	13
	81.25

	Delayed
	1
	6.25

	Late 
	2
	12.5


Out of the 16 patients with clinical surgical site infections there were 15 (93.75%) patients with positive cultures. The most frequently isolated microorganisms were Staphylococcus aureus in 7 cases (43.75%), Proteus in 3 cases (18.75%), Klebsiella in 2 cases (12.5 %), E-coli in 2 cases (12.5%) and Pseudomonas in 1 case (6.25%). Table 4
Table 4 Microorganisms isolated from 15 cultures positive surgical site infections

	Microorganisms
	Number of the infected cases
	Percentage 

(%)

	Staphylococcus aureus
	7
	43.75

	Proteus
	3
	18.75

	Klebsiella
	2
	12.5

	E-coli
	2
	12.5

	Pseudomonas 
	1
	6.25


Table 5 reveals the probable risk factors in the infected cases, out of 16 patients with surgical site infection 7 patients has abrasion of skin at or near the surgical site, 6 patients were smokers, 2 patients with advanced age (more than 65 years) and 1 patient was diabetic. From this we can see that skin condition and smoking are effective risk factors.
Table 5 Probable risk factors in 16 infected cases

	Risk factor
	Infected cases
	Percentage (%)

	Skin abrasion 
	7
	5.302

	DM
	1
	0.757

	Advanced age(more than 65)
	2
	1.515

	Smoking
	6
	4.545

	Total
	16
	12.1


 Regarding the association of the surgical site infection with the different variables we can see that smokers 2.717(OR) times are likely to have an infection than non-smoker cases (95%CI, 0,888-8.294), for duration of surgery, those operations lasting more than 1 hour were 2.55 (OR) times are likely to have an infection than operations lasting 1 hour or less (95%CI, 0.688-9.467). The use of drain and diabetes mellitus appears to be not a significant risk factors with 95%CI (0.680-14.590) and (0.325-44.482) respectively.   
Table 6 Association between surgical site infection and the investigated factors

	Variables
	Without surgical site infection
	With surgical site infection
	OR(95%CI)

	Gender(male)
	81
	13
	1.872(0.5-6.98)

	Smoking
	21
	6
	2.717(o.888-8.294)

	DM
	2
	1
	3.8(0.325-44.482)

	Drain tube
	80
	14
	3.150(0.680-14.590)

	Duration of Surgery›1 hr.
	73
	13
	2.55(0.688-9.467)


Discussion 

The incidence of surgical site infection in this study was 12.1%.The independent risk factors for the development of surgical site infections identified in this study were greater number of persons in operating room, duration of surgery more than 1 hour, skin abrasion near or at surgical site and smoking.

The incidence rate in this study was higher than the incidence rates in the orthopedic operations from develop countries (1-2%), but it was also higher than the infection rates in some developing countries (Kasatpibal  3005 , Tago IA 2007, Iqbal MZ, Chima TA, Sabir MR 2001).
The increased surgical site infection rate of the clean wounds can be explained by the lack of financial resources, outdated equipments, limited ventilation in the operating theater and limited application of infection control measures.
As a consequence of the increasing trend of short hospital stay after operation, the majority of surgical site infection occurs after discharge from hospital (Taylor EW 2003) .In our study out of 13 cases with early infection, 12(9%) cases occur after discharged from hospital and only 1(0.75%) case occur while the patient still in hospital (70 years old women with infected Austin Moore prosthesis).

The reported incidence of superficial and deep infection in this study was 5.30% and 6.8% (of all the operated cases) respectively). According to some studies conducted in developing countries the overall superficial and deep infection rate is 7.8% and 10% respectively (Tayyab S 1999). 
Five cases of infections (3.78%) occur with plate fixation of tibia and 3 cases (2.27%) occur with plate fixation of the femur.

Staphylococcus aureus and gram negative bacteria were the predominate causative agents as in other studies in similar setting (Thu LT 2005), in this study Staphylococcus aureus was the most common organism detected with incidence of 43.75%, although eradication of Staphylococcus aureus nasal carriage with mupirocin was found to be effective this measure reduced the surgical site infections rate only in some studies (Kalmeijer MD  2002).
In our study the prolonged surgery time was responsible for infections as reported in other studies (Tago IA 2007, Burnett JW 1980 ) .another study(Sawyer RG 1994) .was revealed that the rate of infection is directly proportional to the length of the procedure where cases lasting one hour or less had an infection rate of 1.3% while that lasting for 3 hours or more it was 4%, in our study 3 cases (2.27%) got infected when the procedure lasting less than 1 hour compared to 13 cases (9.8%) got infected when the procedure lasting more than 1 hour. Other predisposing factors to infection in our study were skin abrasion near or at surgical site, 7 cases (5.3%), and smoking, 6 cases (4.5%).
Observation of the operating theater during this study found that there was limited ventilation, the sterilization technique of implant and equipments were done in autoclave by operation theater attendant with limited knowledge of proper orthopedic sterilization, there was lack of single room for isolation of patients colonized or infected with resistant microorganisms, the number of personal in operating rooms were unlimited. Products for cleaning and disinfection of surfaces were mostly available also there were satisfactory hand preparation, surgical gloves and surgical drapes.

A great number of persons in the operating room can increase the rates of surgical site infections from 1.5-3.8 (Burnett JW 1998) .Our operating rooms are old and without adequate ventilation system. Because air is an important route for spread of infection, routine use of an ultraclean air system and exhaust-ventilated clothing is frequently recommended. However other less costly measures including the reduction of the number of persons in the operating room probably may insure similar preventive effect (Scherrer M 2003) .
The infections were treated with intravenous antibiotics and repeated debridement and in 4 cases the implants were removed. 
Conclusion

 There is a high incidence rate of surgical site infections in this study in comparison with developed countries and some developing countries and this require proper measures to control it because it has great financial burden on patient and on hospital resources. 

We couldn’t find patient’s specific risk factor in this study which may be due to small sample size although the infection was relatively more common in patients with skin abrasion at fracture site, those with smoking and in patient in whom the duration of surgery more than one hour. 
Other risk factors might be related  mostly to the operating theater conditions. points for intervention could be reduction of personnel number in operating theater during surgery, better dealing with surgical wounds, use of ultra clean air flow system in the operating room and training programs for operating room staff about sterilization, hand scrub and draping. 
References

Arens S, Hansis M, Schlegel U, et al (1996) Infection after open reduction and internal fixation with dynamic compression plates-clinical and experimental data. Injury; 27 Suppl 3:27−33.
Arens S, Kraft C, Schlegel U, et al (1999) Susceptibility to local infection in biological internal fixation. Experimental study of open vs minimally invasive plate osteosynthesis in rabbits. Arch Orthop Trauma Surg; 119(1-2):82−85.
Beck A, Kinzl L, Bischoff M. Antibiotic prophylaxis and therapy in trauma surgery. Unfallchirurg 1999; 102:955–966.

Benson DR, Riggins RS, Lawrence RM, et al (1983) Treatment of open fractures: a prospective study. J Trauma; 23(1):25−30.
Bloom BS, Esterhai JL Jr: Musculoskeletal infection: Impact, morbidity, and cost to society, medicine, and government, in Esterhai JL Jr, Gristina AG, Poss R (eds): Musculoskeletal  Infection. Park Ridge, Ill: American Academy of Orthopaedic Surgeons, 1992, p 8.

Boxma H, Broekhuizen T, Patka P, Oosting H: Randomised controlled trial of single-dose antibiotic prophylaxis in surgical treatment of closed fractures: The Dutch Trauma Trial. Lancet 1996:347:1133-1137.

Burnett JW, Gustilo RB, Williams DN, Kind AC, Prophylactic antibiotic in hip fractures: a double-blind prospective study. J Bone Joint Surg Am 1980;62:457-62.

Darouiche RO (2001) Device-associated infections: a macroproblem that starts with microadherence. Clin Infect Dis; 33(9):1567−1572.
Donlan RM (2002) Biofilms: Microbial life on surfaces. Emerg Infect Dis; 8(9):881−890.
Eron LJ. Prevention of infection following orthopedic surgery. Antibiot Chemother 1985;33:140 –164.

Gustilo RB, Gruninger RP, Davis T (1987) Classification of  type III (severe) open fractures relative to treatment and results. Orthopedics; 10(12):1781−1788.
Iqbal MZ, Chima TA, Sabir MR. Rate of postoperative infection in clean orthopedic cases. J Pak Orthop Assoc, 2001;13:121-4.

Kalmeijer MD, Coertjens H, van Nieuwland-Bollen PM, Bogaers-Hofman D, de Baere GA, Stuuman A, et al. Surgical site infections in orthopedic surgery: the effect of mupirocin nasal ointment in a double-blind, randomized, placebo-controlled study. Clin Infect Dis. 2002;35:353-8. 

Kaplan SS, Heine RP, Simmons RL. Defensins impair phagocytic killing by neutrophils in biomaterial-related infection. Infect Immun 1999;67:1640-5.

Kasatpibal N, Jamulitrat S, Chongsuvivatwong V. Standardized incidence rates of surgical site infection: A multicenter study in Thailand. Am J Infect Control. 2005;33:587-94.
Law MD Jr, Stein RE (1993) Late infection in healed fractures after open reduction and internal fixation. Orthop Rev; 22(5):545−552.
Leutenegger AF (1990) [Acute infection following osteosynthesis]. Ther Umsch; 47(7):593−596.
Littlewood EA, Hattenberger MR, Luscher C, Pataki A, Zak O, O’Reilly T. Local expression of tumor necrosis factor alpha in an experimental model of acute osteomyelitis in rats. Infect Immun 1997;65:3438 –3443.
Meghji S, Crean SJ, Hill PA, Sheikh M, Nair SP, Heron K, Henderson B, Mawer EB, Harris M. Surface-associated protein from Staphylococcus aureus stimulates osteoclastogenesis: Possible role in S. aureus-induced bone pathology. Br J Rheumatol 1998;37:1095–1101.

McGraw JM, Lim EV (1988) Treatment of open tibial-shaft fractures. External fixation and secondary intramedullary nailing. J Bone Joint Surg Am; 70(6):900−911.
ObremskeyWT, Bhandari M, Dirschl DR, et al (2003) Internal fixation versus arthroplasty of comminuted fractures of the distal humerus. J Orthop Trauma; 17(6):463−465.
Ochsner PE, Sirkin MS, Trampuz A (2006) Acute infection. Ruedi RP, Murphy WM (eds), AO Principles of fracture management (in press). Stuttgart, Germany: Thieme Verlag.
Perren SM (2002) Evolution of the internal fixation of long bone fractures. The scientific basis of biological internal fixation: choosing a new balance between stability and biology. J Bone Joint Surg Br; 84(8):1093−1110.
Pryor F, Messmer PR. The effect of traffic patterns in the OR on surgical site infections. AORN J. 1998;68:649-60.

Raahave D (1976) Postoperative wound infection after implant and removal of osteosynthetic material. Acta Orthop Scand; 47(1):28−35.
Sanderson PJ. Preventing infection in orthopedic implants. J Antimicrob Chemother 1989; 24:277–280.

Sawyer RG, Pruett TL. Wound infections. Surg Clin North Am 1994;74:519-36.

Scherrer M, Hygiene and room climate in the operating room. Minim Invasive Ther Allied Technol. 2003;12:293-9.

Schiesser M, Stumpe KD, Trentz O, et al (2003) Detection of metallic implant-associated infections with FDG PET in patients with trauma: correlation with microbiologic results. Radiology; 226(2):391−398.
Shih LY, Wu JJ, Yang DJ. Erythrocyte sedimentation rate and C-reactive protein values in patients with total hip arthroplasty. Clin Orthop 1987;225:238-46.

Southorn PA, Plevak DJ, Wright AJ, Wilson WR. Adverse effects of vancomycin administered in the perioperative period. Mayo Clin Proc 1986; 61:721–724.

Spangehl MJ, Masri BA, O’Connell JX, et al (1999) Prospective analysis of preoperative and intraoperative investigations for the diagnosis of infection at the sites of two hundred and two revision total hip arthroplasties. J Bone Joint Surg Am; 81(5):672−683.
Stewart PS ,Costerton JW (2001) Antibiotic resistance of bacteria in biofilms. Lancet; 358(9276):135−138.
Suter F, Avai A, Fusco U, Gerundini M, Caprioli S, Maggiolo F. Teicoplanin versus cefamandole in the prevention of infection in total hip replacement. Eur J Clin Microbiol Infect Dis 1994;13:793–796.

Tago IA, Asfhaq,Gill P, Memon K, Kumar N Mahboob G. Postoperative infection in clean cases with the use of implant and their management. J pak orthop assoc 2007;19(2): 46-56.

Taylor EW, Duffy K, Lee K, Noone A, Leanord A, King PM, et al. Telephone call contact for post-discharged surveillance of surgical site infections. A pilot, methodological study. J Hosp infect. 2003;55:8-13.

Tayyab S, Hussain N, Sharaf  T, Low dose cephradine prophylaxis in caesarean section. Med Channel 1999;5(3):13-5. 

Taylor GJ, Bannister GC, Calder S. Perioperative wound infection in elective orthopedic surgery. J Hosp Infect 1990;   16:241– 247.

Thu LT, Dibley MJ, Ewald B, Tien NP, Lan LD. Incidence of surgical site infections and accompanying risk factors in Vietnamese orthopedic patients. J Hosp infect.2005;60:360-7. 

Trampuz A, Osmon DR, Hanssen AD, et al (2003) Molecular and antibiofilm approaches to prosthetic joint infection. Clin Orthop; 414:69−88.
Wall R, Klenerman L, McCullough C, Fyfe I. A comparison of teicoplanin and cefuroxime as prophylaxis for orthopedic implant surgery: A preliminary report. J Antimicrob Chemother 1988;21(Suppl A):141–146.

Willenegger H Roth B (1986) [Treatment tactics and late results in early infection following osteosynthesis]. Unfallchirurgie; 12(5):241−246.
Wood MJ. The comparative efficacy and safety of teicoplanin and vancomycin. J Antimicrob Chemother 1996;37:209 –222.
660
661

