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            Abstract

            
               
Background: The study aimed to clinically evaluate the outcome of modified triangular coronally advanced flap (mtCAF) alone or in combination
                  with platelet rich fibrin or type I collagen membrane in Miller’s Class I and Class II gingival recession. 
               

               Materials and Methods: 45 sites with Millers Class I or II gingival recession were recruited and allocated into 3 groups with 15 sites each. Group
                  1: mtCAF alone, Group II: mtCAF with PRF and Group III: mtCAF with bioresorbable collagen membrane (Bio-Gide®). Standardized
                  Clinical Parameters such as Plaque Index (PI), Gingival Index (GI), Pocket Probing Depth (PPD), Clinical attachment level (CAL), Gingival Recession Depth
                  (GRD) and Keratinized Tissue Height (KTH) were measured at baseline and 6 months. 
               

               Result: All the three groups showed improvement in clinical parameters but it was not statistically significant. However, a significant
                  increase in keratinized tissue height was seen in Group III as compared to Group I and Group II.
               

               Conclusion: Modified triangular coronally advanced flap (mtCAF) alone or in combination with PRF and collagen membrane showed good clinical
                  outcomes but better results were obtained in terms of keratinized tissue when collagen membrane was used.
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               Introduction

            Gingival recession (GR) is defined as the exposure of the root surface as a result of apical migration of the gingival margin
               to the cemento-enamel junction (CEJ).1 GR is induced by a variety of etiological factors some of which includes plaque, calculus, fenestration, dehiscence, tooth
               malpositioning, toothbrush trauma, resorption of alveolar bone at the site, occlusal injury and various iatrogenic or idiopathic
               reasons.2, 3 Clinically it results in sensitivity, unesthetic appearance and if left unchecked may result in extrusion of the tooth, mobility
               and finally tooth loss. 
            

            Sub-epithelial connective tissue grafts (SCTG) along with a coronally advanced flap (CAF) is considered as a gold standard
               for treatment of recession defects.4 Excellent root coverage is achieved with a good thickness of the augmented gingiva. However, it requires a 2nd surgical site.
               
            

            The CAF is considered one of the most suitable surgical procedures in cases where there is adequate keratinized tissue apical
               to the defect. It shows optimal root coverage, great colour blending with adjacent soft tissues, and good re-establishment
               of former soft tissue morphology.5 However, CAF when used alone may not provide with complete root coverage (CRC).6 Hence platelet rich fibrin (PRF) membranes or collagen membranes have been used as an adjunct to CAF to achieve better post-surgical
               outcomes as they do not require a second surgical site.7

            PRF is composed of a fibrin matrix polymerized in a tetra molecular structure and it involves the joining of platelets, leukocytes,
               cytokines, and circulating stem cells.4 Various benefits of PRF comprises wound healing, sealing of wound and haemostasis, bone maturation and growth and provide
               better handling of the graft materials.8

            Earlier, various non-resorbable as well as bioresorbable membranes have been used for root coverage procedures. The major
               problem with the non-resorbable membrane is that it requires an additional surgical procedure to retrieve the membrane which
               may interfere with healing and clinical outcome. To overcome this, equally efficient bioresorbable membranes were developed.
               Among absorbable membranes, type I collagen has been widely studied in the root coverage procedure and proven to be highly
               efficacious in the treatment of gingival recession.9 

         

         
               Measurement of Clinical Parameters

            Clinical parameters were recorded at baseline (just prior to the surgery) as well as at 6- month follow-up for Group I, Group
               II and Group III using a UNC-15 probe. Custom-made self-cured acrylic stents grooved in an occluso-apical direction corresponding
               to the mid-buccal area as a fixed reference point were fabricated to provide reproducible alignments of the probe for each
               patient. The clinical parameters assessed were as follows: Plaque Index (PI), Gingival Index (GI), Gingival Recession Depth
               (GRD) (measured as the distance between the most apical point of the CEJ and the gingival margin), Pocket Probing Depth (PPD)
               (measured from the free gingival margin to the base of the sulcus/pocket), Keratinized Tissue Height (KTH) (measured as the
               distance from mucogingival junction (MGJ) to the gingival margin, with MGJ determined using a visual method), and Clinical
               Attachment Level (CAL) (measured from the cemento-enamel junction to the base of the sulcus/pocket).
            

            
                  Surgical procedure

               The surgical area was anaesthetized using local anaesthesia (2% lignocaine with adrenaline 1:80000). In all the three groups
                  (Group I, Group II, and Group III), the preparation of the recipient site was common using modified triangular coronally advanced
                  flap technique given by Zuchelli et al.10 in 2016. First the length of a curved line parallel to the CEJ connecting the papilla tips and passing through a midpoint
                  
               

               

               
                     
                     Figure 1

                     Study design
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               located 1mm coronal to the CEJ was measured with an orthodontic wire, which represented the extension of the flap’s marginal
                  perimeter after coronal advancement. The wire was then shifted to the most apical extension of the recession defect and each
                  half of it was bent along the gingival margin of the recession. Two oblique vertical incisions of the triangular flap were
                  given at the ends of the orthodontic wire and extended parallel to the soft tissue margin of the adjacent healthy teeth beyond
                  the mucogingival line. Flap was then elevated following a split-full-split-thickness approach in the coronal to apical direction
                  and was sufficiently mobilized to advance it coronally to cover gingival recession. De-epithelisation of the interdental papilla
                  was done to adapt to the anatomical papilla. Flap was then secured using interrupted suturing technique in Group I (Figure  2). For Group II (Figure  3) the same surgical procedure was followed except platelet rich fibrin (PRF) was adapted over the recession area and interrupted
                  sutures were given. In case of Group III (Figure  4), same surgical technique as in Group I was performed, except Type I collagen membrane (Bio-Gide®) was adapted over the recession
                  area and the flap was secured with the help of interrupted sutures. The subjects were then given post-operative instructions
                  and recalled after 10 days for suture removal. 
               

            

            
                  PRF preparation protocol

               Around 5 ml of whole venous blood was collected in two sterile vacutainer tubes without anticoagulant and were centrifuged
                  at 3000 revolutions per minute (rpm) for 10 minutes. Following this, the centrifuged blood settled into the following layers:
                  red lower fraction containing red blood cells, upper straw-colored cellular plasma and the middle fraction containing the
                  fibrin clot. The upper straw-coloured layer was removed and middle fraction was collected, 2 mm below lower dividing line,
                  which was the PRF. Membrane was then prepared from it by squeezing it between two pieces of moist gauze. PRF membrane was
                  placed over the recession defect just apical to CEJ.
               

               

               

               

               

               

               

               
                     
                     Figure 2

                     PRF Preparation (a) Vacutainer tubes (b) Centrifugation machine (c) & (d) Preparation of platelet rich fibrin membrane.
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                     Figure 3

                     “Group I” (a) Baseline view, (b) Incision, (c) Flap reflection, (d) Suturing, (e) 6-month follow-up view
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                     Figure 4

                     “Group II” (a) Baseline view, (b) Incision, (c) Flap reflection, (d)PRF membrane placed, (e) Suturing, (f) 6-month follow-up
                        view
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                     Figure 5

                     “Group III” (a) Baseline view, (b) Incision, (c) Flap reflection, (d) Collagen membrane (bio-gide) placed, (e) Suturing, (f) 6-month follow-up view
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                     Table 1

                     Inter-group comparison of pocket probing depth between the three groups at various time intervals.
                     

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Pocket Probing Depth
                                 
                              

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               Mean

                              
                           
                           	
                                 
                              
                               Std. Deviation

                              
                           
                           	
                                 
                              
                               Mean Difference

                              
                           
                           	
                                 
                              
                               p-value

                              
                           
                        

                        
                              	
                                 
                              
                              Baseline

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.33

                              
                           
                           	
                                 
                              
                               0.49

                              
                           
                           	
                                 
                              
                               0.20

                              
                           
                           	
                                 
                              
                               0.576

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.13

                              
                           
                           	
                                 
                              
                               0.35

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.33

                              
                           
                           	
                                 
                              
                               0.49

                              
                           
                           	
                                 
                              
                               0.13

                              
                           
                           	
                                 
                              
                               0.950

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.20

                              
                           
                           	
                                 
                              
                               0.41

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.13

                              
                           
                           	
                                 
                              
                               0.35

                              
                           
                           	
                                 
                              
                               -0.07

                              
                           
                           	
                                 
                              
                               0.984

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.20

                              
                           
                           	
                                 
                              
                               0.41

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              3 months

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.20

                              
                           
                           	
                                 
                              
                               0.41

                              
                           
                           	
                                 
                              
                               0.13

                              
                           
                           	
                                 
                              
                               0.950

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.07

                              
                           
                           	
                                 
                              
                               0.26

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.20

                              
                           
                           	
                                 
                              
                               0.41

                              
                           
                           	
                                 
                              
                               0.07

                              
                           
                           	
                                 
                              
                               0.984

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.13

                              
                           
                           	
                                 
                              
                               0.35

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.07

                              
                           
                           	
                                 
                              
                               0.26

                              
                           
                           	
                                 
                              
                               0.06

                              
                           
                           	
                                 
                              
                               0.990

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.13

                              
                           
                           	
                                 
                              
                               0.35

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Baseline-3 months

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               0.13

                              
                           
                           	
                                 
                              
                               0.35

                              
                           
                           	
                                 
                              
                               0.06

                              
                           
                           	
                                 
                              
                               0.990

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               0.07

                              
                           
                           	
                                 
                              
                               0.26

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               0.13

                              
                           
                           	
                                 
                              
                               0.35

                              
                           
                           	
                                 
                              
                               0.06

                              
                           
                           	
                                 
                              
                               0.990

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               0.07

                              
                           
                           	
                                 
                              
                               0.26

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               0.07

                              
                           
                           	
                                 
                              
                               0.26

                              
                           
                           	
                                 
                              
                               0.00

                              
                           
                           	
                                 
                              
                               1.000

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               0.07

                              
                           
                           	
                                 
                              
                               0.26

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                     
                  

               

               
                     
                     Table 2

                     Inter-group comparison of clinical attachment level between the three groupsat various time intervals.
                     

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Clinical Attachment Level
                                 
                              

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               Mean

                              
                           
                           	
                                 
                              
                               Std. Deviation

                              
                           
                           	
                                 
                              
                               Mean difference

                              
                           
                           	
                                 
                              
                               p-value

                              
                           
                        

                        
                              	
                                 
                              
                              Baseline

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               3.33

                              
                           
                           	
                                 
                              
                               0.98

                              
                           
                           	
                                 
                              
                               0.60

                              
                           
                           	
                                 
                              
                               0.105

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               2.73

                              
                           
                           	
                                 
                              
                               0.59

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               3.33

                              
                           
                           	
                                 
                              
                               0.98

                              
                           
                           	
                                 
                              
                               0.07

                              
                           
                           	
                                 
                              
                               0.984

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               3.27

                              
                           
                           	
                                 
                              
                               0.59

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               2.73

                              
                           
                           	
                                 
                              
                               0.59

                              
                           
                           	
                                 
                              
                               -0.53

                              
                           
                           	
                                 
                              
                               0.199

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               3.27

                              
                           
                           	
                                 
                              
                               0.59

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              3 months

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.73

                              
                           
                           	
                                 
                              
                               1.16

                              
                           
                           	
                                 
                              
                               0.53

                              
                           
                           	
                                 
                              
                               0.607

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.20

                              
                           
                           	
                                 
                              
                               1.01

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.73

                              
                           
                           	
                                 
                              
                               1.16

                              
                           
                           	
                                 
                              
                               0.20

                              
                           
                           	
                                 
                              
                               0.870

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.53

                              
                           
                           	
                                 
                              
                               1.06

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.20

                              
                           
                           	
                                 
                              
                               1.01

                              
                           
                           	
                                 
                              
                               -0.33

                              
                           
                           	
                                 
                              
                               0.709

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.53

                              
                           
                           	
                                 
                              
                               1.06

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Baseline-3 months

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.60

                              
                           
                           	
                                 
                              
                               1.30

                              
                           
                           	
                                 
                              
                               0.07

                              
                           
                           	
                                 
                              
                               0.984

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.53

                              
                           
                           	
                                 
                              
                               0.83

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.60

                              
                           
                           	
                                 
                              
                               1.30

                              
                           
                           	
                                 
                              
                               -0.13

                              
                           
                           	
                                 
                              
                               0.902

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.73

                              
                           
                           	
                                 
                              
                               1.03

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.53

                              
                           
                           	
                                 
                              
                               0.83

                              
                           
                           	
                                 
                              
                               -0.20

                              
                           
                           	
                                 
                              
                               0.843

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.73

                              
                           
                           	
                                 
                              
                               1.03

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                     
                  

               

               
                     
                     Table 3

                     Inter-group comparison of gingival recession depth between the three groupsat various time intervals
                     

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Gingival Recession Depth
                                 
                              

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               Mean

                              
                           
                           	
                                 
                              
                               Std. Deviation

                              
                           
                           	
                                 
                              
                               Mean difference

                              
                           
                           	
                                 
                              
                               p-value

                              
                           
                        

                        
                              	
                                 
                              
                              Baseline

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.73

                              
                           
                           	
                                 
                              
                               0.59

                              
                           
                           	
                                 
                              
                               0.13

                              
                           
                           	
                                 
                              
                               0.925

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.60

                              
                           
                           	
                                 
                              
                               0.63

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.73

                              
                           
                           	
                                 
                              
                               0.59

                              
                           
                           	
                                 
                              
                               -0.33

                              
                           
                           	
                                 
                              
                               0.602

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               2.07

                              
                           
                           	
                                 
                              
                               0.80

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.60

                              
                           
                           	
                                 
                              
                               0.63

                              
                           
                           	
                                 
                              
                               -0.47

                              
                           
                           	
                                 
                              
                               0.245

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               2.07

                              
                           
                           	
                                 
                              
                               0.80

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              3 months

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               0.73

                              
                           
                           	
                                 
                              
                               0.46

                              
                           
                           	
                                 
                              
                               0.13

                              
                           
                           	
                                 
                              
                               1.000

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               0.60

                              
                           
                           	
                                 
                              
                               0.51

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               0.73

                              
                           
                           	
                                 
                              
                               0.46

                              
                           
                           	
                                 
                              
                               0.07

                              
                           
                           	
                                 
                              
                               0.984

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               0.67

                              
                           
                           	
                                 
                              
                               0.49

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               0.60

                              
                           
                           	
                                 
                              
                               0.51

                              
                           
                           	
                                 
                              
                               -0.07

                              
                           
                           	
                                 
                              
                               0.984

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               0.67

                              
                           
                           	
                                 
                              
                               0.49

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Baseline-3 months

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.00

                              
                           
                           	
                                 
                              
                               0.53

                              
                           
                           	
                                 
                              
                               0.00

                              
                           
                           	
                                 
                              
                               1.000

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.00

                              
                           
                           	
                                 
                              
                               0.38

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               1.00

                              
                           
                           	
                                 
                              
                               0.53

                              
                           
                           	
                                 
                              
                               -0.40

                              
                           
                           	
                                 
                              
                               0.178

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.40

                              
                           
                           	
                                 
                              
                               0.63

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               1.00

                              
                           
                           	
                                 
                              
                               0.38

                              
                           
                           	
                                 
                              
                               0.40

                              
                           
                           	
                                 
                              
                               0.178

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.40

                              
                           
                           	
                                 
                              
                               0.63

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                     
                  

               

               
                     
                     Table 4

                     Inter-group comparison of keratinised tissue height between the three groupsat various time intervals
                     

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Keratinised Tissue Height
                                 
                              

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               Mean

                              
                           
                           	
                                 
                              
                               Std. Deviation

                              
                           
                           	
                                 
                              
                               Mean difference

                              
                           
                           	
                                 
                              
                               p-value

                              
                           
                        

                        
                              	
                                 
                              
                              Baseline

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               5.33

                              
                           
                           	
                                 
                              
                               1.23

                              
                           
                           	
                                 
                              
                               -0.40

                              
                           
                           	
                                 
                              
                               0.895

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               5.73

                              
                           
                           	
                                 
                              
                               0.96

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               5.33

                              
                           
                           	
                                 
                              
                               1.23

                              
                           
                           	
                                 
                              
                               0.47

                              
                           
                           	
                                 
                              
                               0.689

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               4.87

                              
                           
                           	
                                 
                              
                               0.83

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               5.73

                              
                           
                           	
                                 
                              
                               0.96

                              
                           
                           	
                                 
                              
                               0.87

                              
                           
                           	
                                 
                              
                               0.097

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               4.87

                              
                           
                           	
                                 
                              
                               0.83

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              3 months

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               5.93

                              
                           
                           	
                                 
                              
                               0.96

                              
                           
                           	
                                 
                              
                               -0.40

                              
                           
                           	
                                 
                              
                               0.709

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               6.33

                              
                           
                           	
                                 
                              
                               0.98

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               5.93

                              
                           
                           	
                                 
                              
                               0.96

                              
                           
                           	
                                 
                              
                               -0.07

                              
                           
                           	
                                 
                              
                               0.984

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               6.00

                              
                           
                           	
                                 
                              
                               0.76

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               6.33

                              
                           
                           	
                                 
                              
                               0.98

                              
                           
                           	
                                 
                              
                               0.33

                              
                           
                           	
                                 
                              
                               0.954

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               6.00

                              
                           
                           	
                                 
                              
                               0.76

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Baseline-3 months

                              
                           
                           	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               0.60

                              
                           
                           	
                                 
                              
                               0.51

                              
                           
                           	
                                 
                              
                               0.00

                              
                           
                           	
                                 
                              
                               1.000

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               0.60

                              
                           
                           	
                                 
                              
                               0.63

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               0.60

                              
                           
                           	
                                 
                              
                               0.51

                              
                           
                           	
                                 
                              
                               -0.53

                              
                           
                           	
                                 
                              
                               0.038*

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.13

                              
                           
                           	
                                 
                              
                               0.52

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF+ PRF)

                              
                           
                           	
                                 
                              
                               0.60

                              
                           
                           	
                                 
                              
                               0.63

                              
                           
                           	
                                 
                              
                               -0.53

                              
                           
                           	
                                 
                              
                               0.038*

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF+ Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.13

                              
                           
                           	
                                 
                              
                               0.52

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                     
                  

                  

               

               

               
                     
                     Table 5

                     Intra group comparison of PPD, CAL, GRD and KTH between the three groupsat various time intervals.

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Groups
                                 
                              

                              
                           
                           	
                                 
                              
                                Pocket Probing Depth (PPD)

                              
                           
                           	
                                 
                              
                                Clinical Attachment Level (CAL)

                              
                           
                           	
                                 
                              
                               Gingival Recession Depth (GRD)

                              
                           
                           	
                                 
                              
                               Keratinised Tissue Height (KTH)

                              
                           
                        

                        
                              	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               Mean  ± SD

                              
                           
                           	
                                 
                              
                               P -value

                              
                           
                           	
                                 
                              
                               Mean  ± SD

                              
                           
                           	
                                 
                              
                               P -value

                              
                           
                           	
                                 
                              
                               Mean  ± SD

                              
                           
                           	
                                 
                              
                               P -value

                              
                           
                           	
                                 
                              
                               Mean  ± SD

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               P -value

                              
                           
                        

                        
                              	
                                 
                              
                              Group 1 (mtCAF alone)

                              
                           
                           	
                                 
                              
                               Baseline

                              
                           
                           	
                                 
                              
                               6 months

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               Baseline

                              
                           
                           	
                                 
                              
                               6 months

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                           	
                                 
                              
                               Baseline

                              
                           
                           	
                                 
                              
                               6 months

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                           	
                                 
                              
                               Baseline

                              
                           
                           	
                                 
                              
                               6 months

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                        

                        
                              	
                                 
                              
                               1.33±0.49

                              
                           
                           	
                                 
                              
                               1.20±0.41

                              
                           
                           	
                                 
                              
                               0.089

                              
                           
                           	
                                 
                              
                               3.33±0.98

                              
                           
                           	
                                 
                              
                               1.73±1.16

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               1.73±0.59

                              
                           
                           	
                                 
                              
                               0.73±0.46

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               5.33±1.23

                              
                           
                           	
                                 
                              
                               5.93±0.96

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                              Group 2 (mtCAF +PRF)

                              
                           
                           	
                                 
                              
                               1.13±0.35

                              
                           
                           	
                                 
                              
                               1.07±0.26

                              
                           
                           	
                                 
                              
                               0.118

                              
                           
                           	
                                 
                              
                               2.73±0.59

                              
                           
                           	
                                 
                              
                               1.20±1.01

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                           	
                                 
                              
                               1.60±0.63

                              
                           
                           	
                                 
                              
                               0.60±0.51

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                           	
                                 
                              
                               5.73±0.96

                              
                           
                           	
                                 
                              
                               6.33±0.94

                              
                           
                           	
                                 
                              
                               0.003*

                              
                           
                        

                        
                              	
                                 
                              
                              Group 3 (mtCAF + Collagen membrane)

                              
                           
                           	
                                 
                              
                               1.20±0.41

                              
                           
                           	
                                 
                              
                               1.13±0.35

                              
                           
                           	
                                 
                              
                               0.101

                              
                           
                           	
                                 
                              
                               3.27±0.59

                              
                           
                           	
                                 
                              
                               1.53±1.06

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                           	
                                 
                              
                               2.07±0.80

                              
                           
                           	
                                 
                              
                               0.67±0.49

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                           	
                                 
                              
                               4.87±0.83

                              
                           
                           	
                                 
                              
                               6.00±0.76

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                        

                     
                  

                  

               

               

            

         

         
               Results

            No statistically significant difference in PPD was found between and within Group I, Group II, and Group III (p>0.05) at baseline
               and 6 months (Table  1 andTable  5). While comparing CAL within Group I, Group II and Group III, statistically significant difference (p<0.05) was found from
               baseline to 6 months (Table  5). However, while comparing between the three groups no statistical significance (p>0.05) was seen from baseline to 6 months
               (Table  2). In case of GRD, there was a significant decrease from baseline to 6 months within Group I, Group II and Group III (Table  5). But intergroup comparison did not show any significant values from baseline to 6 months (Table  3). When comparing within and between the groups, a significant increase (p<0.05) in KTH was seen in Group I, Group II, and
               Group III (Table  4 and Table  5). The mean difference in Keratinized Tissue Height at baseline and 6 months was significantly more among Group III as compared
               to Group I and Group II.
            

         

         
               Discussion

            Periodontal plastic surgical procedures are aimed at treatment of marginal tissue recession leading to complete regeneration
               of the periodontium, resulting in coverage of the exposed root surfaces esthetically as well as in a functional manner.
            

            Zucchelli et al. in 201610 compared the triangular design with the trapezoidal design in CAF procedures and found comparable results. While root coverage
               showed no difference between the CAF groups, the colour match and contiguity showed better score for the triangular CAF. 
            

            In the triangular CAF the shape of the surgical papillae is the same as the anatomical papillae, thus a precise soft tissue
               adaptation in the interdental area aided in camouflaging of the treated site with respect to the adjacent teeth after surgery.
               Also, the risk of scarring is considerably lower in triangular CAF as at the end of the surgical procedure the releasing incisions
               are inside the de-epithelized recipient bed and are covered by the flap making it aesthetically more pleasing as compared
               to the trapezoidal CAF procedure.
            

            While comparing the PPD within Group I, Group II and Group III, slight reduction in values were seen at 6 months from baseline,
               however the results were not statistically significant. This is in accordance with a study by Trombelli et al. 199411 who stated that no significant difference in probing depth reduction was noted between membrane treated group and non-membrane
               groups. A study by Tunali et al. 201512 showed non-significant reduction in probing depth at 6 months in PRF and CAF treated group as compared to CAF group alone.
               On intergroup comparison between the three groups, no significant difference were seen at baseline and 6 months. This was
               found in accordance with a study done by Shalaby et al. 201913

            On comparing the CAL and GRD between the three groups no statistically significant difference was observed from baseline to 6 months. It is in accordance
               to a study by Raval et al. 202214 which showed statistically no significant p-value while comparing the effect of PRF and Xenogenic collegen member in the treatment
               of gingival rcession using coronally advanced flap. On intragroup comparison of CAL and GRD within Group I, Group II and Group III, a statistically significant reduction was seen in all the three groups from baseline
               which is also in accordance to the study by Raval et al. 202214 
            

            Upon comparing the KTH, statistically significant difference was found between Group I, Group II and Group III at baseline
               and 6 months. It was significantly more among Group III compared to Group I and Group II. This increase in KT has been suggested
               to occur due to formation of new connective tissue which is in accordance to a study by Jepsen et al. 201315 which showed better keratinised tissue gain in CAF+CM when compared to CAF alone. The use of a xenogeneic collagen matrix
               as an adjunct to the CAF procedure may be helpful because the CAF surgical procedure has demonstrated very good results in
               the treatment of localized gingival recessions, in terms root coverage and aesthetic outcomes (PiniPrato et al. 199516). 
            

            Geislich Bio-Gide® due to its cross-linked structure slows the degradation rate therefore the membrane stays for an adequate
               period of time beneath the flap which prevents the apical migration of epithelial cells during healing hence discouraging
               the formation of long junctional epithelial attachment and favouring development of connective tissue attachment.17 Due to its bilayered structure, the membrane prevents ingrowth of soft tissue into the augmented site and also acts as a guide
               for bone, soft tissue as well as blood vessel development. Also, collagen membrane provides a collagenous scaffold for tissue
               repair as well as augmenting the gingival tissue thickness. Also, the membrane being semi-permeable, allows exchange of gases
               and nutrient passage thus ensuring better flap healing. It is easy to manipulate and well tolerated by the patients with no
               negative response in post-operative healing. These findings were also supported in a study by Wang et al. 19948

            The results of the present study suggested that both PRF and bioresorbable collagen membrane (Bio-Gide®) can produce predictable
               root coverage with modified triangular coronally advanced flap technique in the treatment of gingival recession. Although
               the use of collagen membrane offered greater advantage in terms of increase in keratinised tissue height, use of PRF also
               showed comparable improvement in clinical parameters when compared to baseline. The variation in the results suggest that
               root coverage procedures are technique sensitive, and success of root coverage may be influenced by the condition of surgical
               sites, such as soft-tissue thickness.18

         

         
               Conclusion

            This randomized controlled clinical trial suggests that all the three groups showed improvement in the clinical parameters
               from baseline, however the use of collagen membrane showed an additional benefit of enhanced keratinized tissue width as compared
               to PRF group or mtCAF alone group. Thus, we can conclude that modified triangular coronally advanced flap technique can be
               used for the treatment of Miller’s Class I and Class II gingival recession either alone or in combination with PRF and type
               I collagen membrane. However, we are in further need of similar longitudinal studies to evaluate the long-term effects of
               this surgical procedure.
            

         

         
               Limitations

            Certain limitations of our study were short follow-up period, and absence of histological analysis. Moreover, the soft tissue
               thickness and gingival biotype was not evaluated in this study. Hence, the ability to directly compare the amount of root
               coverage between this study and previous human clinical trials is limited. Within the limitations of the present study, it
               can be concluded that all the three treatment modalities are feasible options for predictable aesthetic root coverage in Miller’s
               Class I and Class II recession defects. However, the use of type I collagen membrane along with mtCAF provided an additional
               benefit of enhanced keratinized tissue width as compared to mtCAF with or without PRF.
            

         

         
               Future Consideration

            The use of collagen membrane as well as platelet rich fibrin has high potential for use as an adjunct in periodontal plastic
               surgeries without any side effects. PRF can be a cost-effective alternative to collagen membrane since it is prepared using
               patient’s own blood without any anticoagulant, which minimises the risk of cross contamination.
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