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            Abstract

            
               
Wound infection is commonest problem encountered in orthopaedic practice may be due to compound wounds or infection of surgical
                  wound in post operative period. The wound infection is ubiquitous in hospital environment and is a real challenge to treat.
                  The most common pathogen is Pseudomonas aeruginosa involving skin and subcutaneous tissue. Though Staphylococcus Aereus Staph
                  epidermidis are also secondary microorganisms found. Many wound care methods and local disinfectants solutions antibiotics
                  are been used in practice for wound care and its early healing. Inspite of availability of all antimicrobial agents, it is
                  difficult to treat wound infection. In our present study an attempt was made to assess the results of local use of Vinegar
                  (acetic acid) in treating infected wounds, which is economical and easily available for infected wound care. 
               

               Materials and Methods: A prospective study was done in orthopaedic infected wounds which were not responding to traditional wound care. The infected
                  wounds included in our study were compound fracture wounds and infected surgical wounds. The infected wounds were dressed
                  up with local soaked gauge piece in acetic acid or local infiltration at wound edges with proper debridement.
               

               Results: Culture sensitivity of discharge from wounds revealed pseudomonas aeruginosa and were resistant to almost all available antibiotics
                  used in our Government hospital. These wounds responded dramatically with use of acetic acid locally. Their hospital stay
                  was reduced. 

               Conclusion: Infected wound care with local acetic acid is effective in treating compound wounds and surgical wound infections.
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               Introduction

            Wound infections are commonly encountered in our day to day orthopaedic practice. It can be a sequele  to compound fractures
               or post operative surgical incisional wound infection. Pseudomonas aeruginosa was common opportunistic pathogen found commonly
               on culture and resistant to majority of antibiotics used routinely. It is also one of the important cause of nosocomial  hospital
               acquired infection. Recently increased frequency of resistant strains because of its ability to survive in hospital environment
               and ability to develop resistance have been reported. 1 Pseudomonas is difficult nosocomial pathogen to eliminate from infection site. The resistant strains and incidence of multiple
               drug resistant strains are difficult to treat and eradicate. It is also resistant to many of commonly used disinfectants antiseptics.
            

         

         
               Aims and Objectives

             To study the usefulness of vinegar Acetic acid and its effectiveness in infected orthopaedic wound management.
            

         

         
               Materials and Methods

            A prospective study was conducted on 14 cases of orthopaedic infected wounds from November 2019 to December 2020 to study
               the effectiveness of using local vinegar acetic acid on infected wounds.
            

            
                  Inclusion criteria

               
                     
                     	
                         Compound wounds which were non suturable irregular in shape and size but could be approximated well, primary and secondary
                           debrided wounds.
                        

                     

                     	
                         Surgical incisional wounds which got infected in early post operative period of 8-10 days.

                     

                  

               

               According to our antibiotic protocols we administered three days of parenteral antibiotics followed by oral antibiotics for
                  five days. Incisional wounds were inspected on 2nd 5th 7th day and suture were removed on 10 to 12th day. Antibiotics used were ceftriaxone Cefotaxime and cefuroxime.
               

               All compound lacerated wounds were primarily debrided with copious normal saline hydrogen peroxide all visible dirt and contamination
                  grit were removed. The skin edges were debrided and sutured which were suturable. And those lacerated compound wounds which
                  were non suturable, edges were debrided and approximated loosely to allow wound healing secondarily with traditional dressings.
                  Cultures sensitivity of infected wounds was sent on slightest suspicion of infection. We selected those cases which were not
                  responding to regular dressings and culture sensitivity test revealed pseudomonas infection not responding to any antibiotics
                  or the antibiotics were costly which patients could not afford to buy costly sensitive effective antibiotic.
               

               The sites of infected wounds considered for study were at elbow, leg thigh, gluteal region forearm. Out of 14 cases 5 were
                  post operative incisional wound infection, at elbow (orif olecranon plating done  and 1 TBW done,  gluteal region Bipolar
                  replacement surgery was done (1 case), proximal part of leg proximal tibia locking plate was fixed (2 cases). 8 cases were
                  compound wounds over leg (2 cases), forearm, (2 cases), arm (1case), thigh(1 case) and foot (2 cases). 
               

               Actual dressing procedure: the infected wound was dressed under all aseptic precautions. A) the wound wash was given and cleansed
                  with copious normal saline hydrogen peroxide irrigation. B) all necrotic tissue and slough and unhealthy tissue was excised
                  C) Sterile guage soaked in 5% acetic acid was placed over wound and additional dry pads were placed and pressure bandage was
                  applied. This dressing was continued daily or on alternate days as per condition of wound healing. Affected limb was kept
                  in elevated position to enhance subsidence of oedema. Wound healing was recorded and documented in pictorial format for study.
               

            

         

         
               Results

            Incisional wounds healed well sooner at 10- 18 days, but compound wounds took longer time about 3 -4 weeks. Daily dressings
               were done. The compound wounds which were debrided and approximated with loose sutures were injected at edges to enhance healing.
               The wound was dressed inspected regularly and condition of infected wound assessed by its reduced inflammatory response subsiding
               oedema of skin edges epithelisation and decreasing size of wound. Some large compound wound in our study needed plastic surgery
               for skin and soft tissue cover. The smaller wounds healed well with granulation tissue and epithelisation of edges without
               any secondary procedure.
            

            
                  
                  Figure 1

                  Case 1: A: ORIF proximal ulna plating was done. Post operative wound infection at 10th day; B and C: Debridement and secondary suturing and local infiltration of Vinegar in the wound; D: at 16th day; E: Healing wound edges; F: Completely healed operative wound over elbow
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                  Figure 2

                  Case 2: A: Compound fracture tibia fibula stabilized by external fixator and debridement of wound and loose approximation of skin edges
                     was done which subsequently got blackish discoloration and necrosed; B: Debrided necrotic skin edges and started dressings with local vinegar soaked gauges and infiltration in skin edges; C: Dressings with vinegar soaked gauges continued; D:  Subsequently healing with granulation tissue  at 3 weeks and was skin grafted later
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                  Figure 3

                  Case 3: A: Eschar on posterior aspect of arm; B:  After debridement and starting local vinegar; C: Granulation of open wound and size of wound decreased at 18 days with local vinegar dressings
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                  Figure 4

                  Case 4: A: On admission wound on left foot; B: Primary debridement and suturing; C: at 7th day; D: Healing at 18th day
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               Discussion

            Wound infection encountered in orthopaedic practice are mainly because of two reasons. 1) Compound fracture wounds with irregular
               skin and soft tissue damage which cannot be sutured primarily, associated contamination, diseases like diabetes, atherosclerosis
               with decreased vascularity and wound perfusion plus the surgical insult on soft tissue for stabilizing fractured bones with
               proper implants. 2) Surgical incisional wound infections in post operative period caused because damage caused primarily by
               trauma on soft tissue leading to contusion and swelling of surrounding fractured bones, surgical dissection, collection of
               haematoma in potential space and getting infected in due course of time, after improper surgical wound closure, improper unhygineinic
               wound care, associated skin wounds like abrasions bruise nearby surgical incision, and associated tender skin seen in elderly
               and diabetics.
            

            All these factors predispose for wound infection. Staphylococcus aureus Staph Epidermidis and MRSA are majority of bacteria
               those contaminate compound wounds and incisional wounds.2 Pseudomonas aeruginosa is classic opportunistic infection is most commonly encountered in orthopaedic practice and burns.
               Its resistant strains and resistance to various antibiotics disinfectants antiseptics poses a challenge for a treating orthopaedic
               surgeon. Orthopaedic surgeon stabilizes the fractured bone by fixing it using different implants and prosthesis. Infection
               of implanted bone is very difficult to treat, as it cannot be removed till the bone unites and infection persists till there
               is implant in the body. One has to be very careful to prevent infection and also be ready to treat the infection caused, Compound
               fractures and compound wounds and surgical incisional wound infections are commonly seen in orthopaedic practice. Of course
               mainstay treatment of infected wound is repeated debridement wound wash and aseptic wound care along with proper parenteral
               / oral/ local antibiotics depending on culture sensitivity. It is found pseudomonas are commonly cultured and are resistant
               to routine antibiotics. At times, they are sensitive to antibiotics which are costly and are not affordable to the patients.
            

            There are many local disinfectants antiseptic agents used for infected wound care, but it is not without its side effects
               like skin irritation, skin discoloration, allergies, intolerance, toxicity etc.3, 4 To name few examples, antiseptic agents like hydrogen peroxide iodine and alcohol have cytotoxic effects. Hydrogen peroxide
               and disrupts new capillaries oxidizes wound debris and is toxic to fibroblasts. Dakins solution containing hypochlorite is
               also toxic to fibroblasts and slow down the epithelisation and retards collagen synthesis inhibits migration of neutrophils
               migration in wound bed.5, 6, 7  Betadine Povidone iodine commonly used antiseptic agent is broad spectrum antibacterial and anti fungal agent.8, 9 It impairs wound healing and reduces wound strength and deleterious effect on epithelisation when used in undiluted concentration.
               Silver sulfa diazine is toxic to fibroblasts and can have allergic reaction and transient leucopenia.10

            Philips et al. was first to report use of acetic acid as topical agent in pseudomonas aeroginsa infected superficial wounds.2 Dilute acetic acid in concentration of 1 to 3% is successfully used by many workers for pseudomaonal infected wounds but
               not without side effects. These agents are cytotoxic and can retard healing process and can do more harm if they are not judiciously
               used in proper concentration. There is evidence on InVitro studies on effect of acetic acid studied by various workers against
               pseudomonas aeruginosa isolates. Husain et al. were first to analyse sensitivity of pseudomonas aeruginosa from burn wounds
               and found acetic acid as effectively active against pseudomonas in concentration of 0.1 to 10% they found acetic acid at a
               concentration of 2% was highly effective against P aeruginosa. In Vitro susceptibility to acetic acid was also studied by
               Juma et al.by using different concentration 0.5 and reported highest zone of inhibition at concentration of 2%.6, 11

            There are studies by various workers on use of Boric acid, citric acid and have shown better results. Kujath and Hugelschaffer
               1987 used 3% boric acid. Mujumdar in 1993 used ascorbic acid in burn wounds. Citric acid was found simple reliable non toxic
               effective economical approach in superficial P aeruginosa infections.6, 12

            Vinegar is an acidic liquid formed by oxidation of ethanol in alcohol containing liquid such as wine fermented fruit juice
               (cider) or beer. It has been used since ancient times as important cooking ingredient.13  The mechanism of action of acetic acid is concerned, it is suggested that acidification of a wound also increases the pO2
               and reduces the histotoxicity of ammonia which may be present (ammonia being less toxic in an acidic environment). This acidification
               of a wound is, however, relatively short-lived and it has been found in one study that the wound does not maintain acidity
               for periods longer than about few hours and therefore soaks would require frequent replacement.7  In this study, we changed the acetic acid soaked gauze every six hours though some study have got excellent results with
               even single daily gauze replacement
            

            Topical application or subcutaneous injection in local skin in concentration of 3-5% eliminated pseudomonas from burns and
               soft tissue wounds.4 Acetic acid acts against P aeruginosa by lowering the pH and thereby making an environment unsuitable for growth and multilicatin
               og P aeruginosa. It also confers other benefits on healing process as well as removal of bacteria. The effect on re epithelisation
               has found no negative impact on wound healing (Kjolseth et al. 1994)6, 14  Al-Ibran and Khan studied effect of 1% acetic acid in burn wounds with 90% success.13

            Wounds are classified as either acute or chronic. Acute wounds heal in a predictable manner and time frame. Chronic wounds
               are defined as wounds that have failed to proceed through the orderly process that produces satisfactory anatomic and functional
               integrity or that have proceeded through the repair process without producing an adequate anatomic and functional result (Hopf
               et al., 2006). The incidence of wound infection is about 5% to 10% nationwide and has not changed during the last few decades
               (Arnold and Barbul, 2008).15, 1, 16 Pseudomonal infection in hospitalized patients has always been problem to the clinicians. Traditional therapies with antipseudomonal
               agents have their own limitations because of multiple antibiotic resistance in nosocomial strains of P. aeruginosa. The use
               of acetic acid has been reported from time to time as a topical agent for the treatment of pseudomonal infections and in most
               reports has been used for superficial infection (Nagoba et al., 1997).10 Dressings can be classified as primary or secondary. A primary dressing is placed directly on the wound and may provide absorption
               of fluids and prevent desiccation, infection, and adhesion of a secondary dressing. A secondary dressing is one that is placed
               on the primary dressing for further protection, absorption, compression, and occlusion. Many types of dressings exist and
               are designed to achieve certain clinically desired endpoints (Martinez-Zapata et al., 2012).17 
            

            
                  Factors promoting infected wound healing

               Debulk slough necrotic tissue by non traumatic debridement repeatedly. Use of non irritable non allergic safe economical and
                  effective local antiseptic. Keep wound bed healthy. Control of pain, Elevation to enhance subsidence of swelling of affected
                  limb.
               

            

         

         
               Conclusion

            A wound is said to be infected when the invading micro organisms cause notably impaired wound healing. When infectious bacteris
               are invading a host toxic substances are produced by microorganisms that cause damage to the host tissues. (Gjodsbol.et al.
               2006) 1, 18, 11, 4 
            

            Administration of local vinegar in wound edges or locally vinegar soaked gauges over the wound  in conjunction with parenteral
               antibiotics is attractive to orthopaedic surgeons seeking to reduce the incidence of skin and soft tissue infection. Vivek
               Patel and Vishal Pushkarna have shown the effectiveness of intra wound vancomycin to prevent surgical site infections. 2

            Acetic acid was found to have bacteriostatic activity against Pseudomonas Aeruginosa. It is used in concentration of 1 to
               5% to eradicate efficiently eradicate the Pseudomona Aeruginosa from infection site in superficial wounds. Acetic acid have
               advantage over costly antibiotics and local antiseptics and does not encourage evolution of multiple drug resistant strains
               in hospital environment. At times when bacterial resistance to antibiotics is a matter of concern, the value of topical agents
               such as acetic acid can be efficiently and effectively used in pseudomonal infected wound. Use of antiseptics at a concentration
               that is effective and well tolerated and discontinued as soon as clinical signs of infection disappear can be practiced safely.
               
            

            Infection leads to complications which are incomparable in terms of financial burden quality of life functional outcome of
               any orthopaedic surgery.
            

            This was an initial attempt to study in Government hospital with majority population of low socioeconomic status smoking alcoholism
               tobacco chewing males not affording costly higher antibiotics. The studies showed good encouraging and promising results and
               were cost effective. Multiple and more trials are required to assess good results.
            

         

         
               Source of Funding

            Nil.

         

         
               Conflicts of Interest

            Nil.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Nagoba, BS, Selkar, SP, Wadher, BJ & Gandhi, RC,   (2013). Acetic acid treatment of pseudomonal wound infections--a review. J Infect Public Health, 6, 410–5.
                     

                  

                  
                     
                        2 
                              

                     

                     Patel, VA & Pushkarna, VA,   (2020). How effective is intrawound vancomycin with multidiscipline approach for preventing surgical site infections (SSI)
                        in arthroplasty and orthopedic surgeries: a study in non Covid 19 to  Covid 19 era. Indian J Orthop Surg, 6(4), 303–10. 10.18231/j.ijos.2020.056

                  

                  
                     
                        3 
                              

                     

                     Hunt, TK & Hopf, HW,   (1997). Wound healing and wound infection - what surgeons and anaesthesiologists can do? Surg Clin N Am, 77, 587–606.
                     

                  

                  
                     
                        4 
                              

                     

                     Sloss, JM, Cumberland, N & Milner, SM,   (1993). Acetic acid used for the elimination of Pseudomonas aeruginosa from burn and soft tissue wounds. J R Army Med Corps, 139(2), 49–51. 10.1136/jramc-139-02-04

                  

                  
                     
                        5 
                              

                     

                     Dakins, HD,   (1915). The antiseptic action of hypochlorites: the ancient history of the new antiseptic. Br Med J, 2, 809–10.
                     

                  

                  
                     
                        6 
                              

                     

                     Kjolseth, D, Frank, JM, Barkar, JH, Anderson, GL, Rosenthal, AI & Acland, RD,   (1994). Comparison of the effects of commonly used wound agents on epithelization and neovascularization. J Am Coll Surg, 179, 305–12.
                     

                  

                  
                     
                        7 
                              

                     

                     Kramer, SA,   (1999). Effect of povidone-iodine on wound healing: a review. J Vasc Nurs, 17, 17–23.
                     

                  

                  
                     
                        8 
                              

                     

                     Khan, MN & Naqui, AH,   (2006). Antiseptics, iodine, povidone iodine and traumatic wound cleansing. J Tissue Viability, 16(4), 6–10. 10.1016/s0965-206x(06)64002-3

                  

                  
                     
                        9 
                              

                     

                     Kozol, RA,   (1988). Effects of Sodium Hypochlorite (Dakin's Solution) on Cells of the Wound Module. Arch Surg, 123(4), 420–3. 10.1001/archsurg.1988.01400280026004

                  

                  
                     
                        10 
                              

                     

                     Nagoba, BS, Selkar, SP, Wadher, BJ & Gandhi, RC,   (2013). Acetic acid treatment of pseudomonal wound infections – A review. J Infect Public Health, 6(6), 410–5. 10.1016/j.jiph.2013.05.005

                  

                  
                     
                        11 
                              

                     

                     Phillips, I, Lobo, AZ, Fernandes, R & Gundara, NS,   (1968). Acetic acid in the treatment of superficial wounds infected by Pseudomonas aeruginosa. Lancet, 291(7532), 11–3. 10.1016/s0140-6736(68)90004-4

                  

                  
                     
                        12 
                              

                     

                     Kujath, P & Hugeschaffer, C,   (1987). Pseudomonas aeruginosa: pathogenicity, prevention, and therapeutic approaches. Zentralblatt fur Chirurgie, 112, 558–63.
                     

                  

                  
                     
                        13 
                              

                     

                     Al-Ibran, E & Khan, M,   (2010). Efficacy of topical application of 1% acetic acid in eradicating pseudomonal infections in burn wounds. J Dow Univ Health Sci, 4, 90–3.
                     

                  

                  
                     
                        14 
                              

                     

                     Juma, IM, Yass, HS & Al-Jaber, FH,   (2007). A comparison between the effect of acetic acid and salicyclic acid in different concentrations on Pseudomonas aeruginosa
                        isolated from burn wound infections. J Tech, 20(1), 73–8.
                     

                  

                  
                     
                        15 
                              

                     

                     Arnold, MA & Barbul, A,   (2008). Surgical site infections. In: Cameron, JL (Ed.), Current Surgical Therapy (9th editionth ed.).  St. Louis: Mosby Elsevier. (pp. 1152–60) 
                     

                  

                  
                     
                        16 
                              

                     

                     Barbul, A, Efron, DT & Kavalukas, Sl,   (2010). Wound Healing . In: Brunicardi, FC & Billiar, AT (Eds.), Schwartz’s Principles of Surgery  (9th editionth ed.).  (pp. 378–432) 
                     

                  

                  
                     
                        17 
                              

                     

                     Martinez-Zapata, MJ, Marti-Carvajal, AJ & Sola, I,   (2012). Autologous platelet-rich plasma for treating chronic wounds. Cochrane Database Syst Rev, 10, CD006899.
                     

                  

                  
                     
                        18 
                              

                     

                     Gjødsbøl, K, Christensen, JJ, Karlsmark, T, Jørgensen, B, Klein, BM & Krogfelt, KA,   (2006). Multiple bacterial species reside in chronic wounds: a longitudinal study. Int Wound J, 3(3), 225–31. 10.1111/j.1742-481x.2006.00159.x

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Study of effectiveness of local vinegar (Acetic Acid) in infected orthopaedic wound management


      
        		
          Content
        


      


    
  

