
         
            
               
                  Journal Information

                  
                     Publisher: Innovative Publication
                     

                     Title: IP International Journal of Forensic Medicine and Toxicological Sciences
                     

                     ISSN (print): 2456-9615
                     

                  

               

               
                  Article Information

                  
                     Copyright: 2021
                     

                     Date received: 9 December 2021
                     

                     Date accepted: 18 December 2021
                     

                     Publication date: 21 January 2022
                     

                     Volume: 6
                     

                     Issue: 4
                     

                     DOI: 10.18231/j.ijfmts.2021.031
                     

                  

               

            

         

         

         
            An autopsy study of ligature mark in 634 cases of suicidal hanging

         

         
                     
                           Dinesh Rao
                           ​[image: ORCID][1]

                     Email: drraoforensic@yahoo.com

                     
                        Bio: 

                        
                           Professor & HOD

                        

                     


         
            
                  
               Dept. of Forensic Medicine, The Oxford Medical College, Hospital & Research Centre
               Bangalore 
               India
               
            

         

         Corresponding Author: Dinesh Rao
         

         
            Abstract

            
               
Background: In All Cases of Suspension Deaths, The Study of Ligature Mark form the Important Aspect of External Examination During Autopsy.
                  The Character of Ligature Mark of Self Suspension is not well-defined.
               

               Objective: To Understand the Characteristic features of Ligature Marks in suicidal Hanging.
               

               Materials and Methods: The parameters studied were gender of victim, Knot Type and Its Position, the ligature mark with reference to its site, level,
                  number, continuity and its Shape. Only Suicidal Hanging were included in the study. 
               

               Results: In Partial Hanging, The Major Position of the Ligature Mark, in 86% [n-153] cases was across the Thyroid Cartilage and was
                  Nearly Horizontal in the Front. Wheras, In Complete Hanging Majority of the Ligature Mark, 92% [n-420], were situated above
                  the Thyroid Cartilage. In 81% [n-369] of cases of Complete Hanging and 73% [n-130] of Partial Hanging, the Ligature Mark was
                  Incomplete. In 38% [n-68] of Partial Hanging the Ligature Mark was Limited to the Front of the Neck whereas in 13% [n-59]
                  of Complete Hanging it was limited to the Front of Neck. The Petechial Hemorrhages in Ligature Mark due to Complete hanging
                  were Absent. A Slip Knot was used on 97.73% [n-620] of suspensions. In 78% [n-494] of Suspension the Position of the Knot
                  was situated over the [Typical Hanging] Nape of Neck. 
               

               Conclusion: This Study Highlights the Importance of Characteristic Features of Ligature Mark in Suicidal Hanging, with particular reference
                  to Complete and Incomplete Hanging. The High Number of Cases Studied adds up to the Relevance of the Study.
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               Introduction

            Hanging is a Form of Mechnical Asphyxia, wherein the Constriction of the Neck is from a Ligature Encircling the Neck, the
               Constricting Force being the Weight of the Body [Whole Body weight or Mere Weight of the Head.1 Hanging is a common method of suicide in which a person applies a ligature to the neck and brings about unconsciousness and
               then death by suspension or partial suspension. Hanging is a common suicide method. The materials necessary for suicide by
               hanging are readily available to the average person, compared with firearms or poisons. In Canada, hanging is the most common
               method of suicide,2 and in the U.S., hanging is the second most common method, after self-inflicted gunshot wounds.3 In the United Kingdom, where firearms are less easily available, in 2001 hanging was the most common method among men and
               the second most commonplace among women (after poisoning).4

            Ligature marks on the neck are found in hanging and ligature strangulation. It is also well-known fact that discontinuity
               along the course of the ligature mark is another important criterion while describing ligature mark of hanging or strangulation.5, 6 Authors have mentioned that hanging mark almost never completely encircles the neck.4, 5, 6, 7, 8, 9 Authors have reported that hanging mark is situated obliquely across the circumference of neck.5, 6, 7, 8, 9, 10 Where suspension point is low, the pull on the rope is almost at right angle to the axis of the body, so the resulting mark
               may be almost horizontal. However, exceptions occur if the suspension point is low, a horizontal mark may be produced which
               can be confused with strangulation. In strangulation, the mark is usually horizontal and will not show any rising peak to
               a suspension unlike hanging. 
            

            Ligature mark is a vital evidential piece to assess the cause of death, ligature mark depends on the nature and position of
               the ligature used, and the time of suspension of body after death. Ligature mark is found as pressure mark on the neck underneath
               the ligature.11

            Ligature mark is a pressure mark on the neck underneath the ligature produced due to application of Constricting Force. Initially
               it appears as a pale groove which on drying becomes yellowish brown parchment like.12, 13 
            

            In all cases of Hanging Deaths, autopsy surgeon often comes across cases when the only principle external sign present is
               the ligature mark on the neck. It is easy to diagnose hanging in the presence of the characteristic features of their ligature
               mark, which are Typically situated opposite to the Knot or Point of Suspension. However, atypical ligature marks are also
               seen wherin the Knot Marks and Ligature Marks are Situated over Different Regions of Neck along with Multiple Ligature Marks,
               causing difficulty in diagnosing hanging and Ligature strangulation. The distinction between the two types is very important
               because any Misinterpretation would lead to Disastrous Consequences and An Innocent may be Punished. Hence, in All Suicidal
               Hanging it is always important to Study and understand the Ligature Mark to Confirm the Suicidal Act and rule out foul Play.
               It is also essential to rule out Strangulation. Hence, this Study is done to Draw maximum information on the Ligature Mark
               from High Number of Cases so as to better Understand the Character of Ligature Mark in Suicidal Hanging. 

            
                  
                  Figure 1

                  The total suicidal hanging studied during the 2009-2020.
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                  Figure 2

                  Sex distribution in suicidal hanging.
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                  Figure 3

                  Types of suicidal hanging.
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                  Figure 4

                  The position of ligature mark in suicidal hanging.
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                  Figure 5

                  Types of knots in suicidal hanging
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                  Figure 6

                  Different position of knots in suicidal hanging.
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                  Table 1

                  haracters of ligature marks in suicidal hanging.
                  

               

               
                     
                        
                           	
                              
                           
                            Sl no

                           
                        
                        	
                              
                           
                           
                              Ligature Mark
                              
                           

                           
                        
                        	
                              
                           
                           
                              Complete Hanging-456
                              
                           

                           
                        
                        	
                              
                           
                           
                              Partial Hanging-178
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            01

                           
                        
                        	
                              
                           
                           Damage to Skin[Grooving]

                           
                        
                        	
                              
                           
                           98% [n-447]

                           
                        
                        	
                              
                           
                           29% [n-52]

                           
                        
                     

                     
                           	
                              
                           
                            02

                           
                        
                        	
                              
                           
                           Intact Skin

                           
                        
                        	
                              
                           
                           1.3% [n-06]

                           
                        
                        	
                              
                           
                           28.1%[n-50]

                           
                        
                     

                     
                           	
                              
                           
                            03

                           
                        
                        	
                              
                           
                           Hemorrhages at the Margins

                           
                        
                        	
                              
                           
                           NIL

                           
                        
                        	
                              
                           
                           6.2% [n-11]

                           
                        
                     

                     
                           	
                              
                           
                            04

                           
                        
                        	
                              
                           
                           Incomplete Mark, Only 75% of Circumference.

                           
                        
                        	
                              
                           
                           81% [n-369]

                           
                        
                        	
                              
                           
                           73%[n-130]

                           
                        
                     

                     
                           	
                              
                           
                            05

                           
                        
                        	
                              
                           
                           Complete Mark 

                           
                        
                        	
                              
                           
                           19% [n-87]

                           
                        
                        	
                              
                           
                           27%[n-48]

                           
                        
                     

                     
                           	
                              
                           
                            06

                           
                        
                        	
                              
                           
                           Oblique

                           
                        
                        	
                              
                           
                           99%[n-451]

                           
                        
                        	
                              
                           
                           86%[n-153]

                           
                        
                     

                     
                           	
                              
                           
                            07

                           
                        
                        	
                              
                           
                           Horizontal

                           
                        
                        	
                              
                           
                           01%[n-05]

                           
                        
                        	
                              
                           
                           14%[n-25]

                           
                        
                     

                     
                           	
                              
                           
                            08

                           
                        
                        	
                              
                           
                           Knot Mark 

                           
                        
                        	
                              
                           
                           03%[n-14]

                           
                        
                        	
                              
                           
                           05%[n-09]

                           
                        
                     

                     
                           	
                              
                           
                            09

                           
                        
                        	
                              
                           
                           Multiple Ligature Mark with slippage of Ligature.

                           
                        
                        	
                              
                           
                           1.5%[n-07]

                           
                        
                        	
                              
                           
                           1%[n-02]

                           
                        
                     

                     
                           	
                              
                           
                            10

                           
                        
                        	
                              
                           
                           Only Limited to Front of Neck

                           
                        
                        	
                              
                           
                            13%[n-59]

                           
                        
                        	
                              
                           
                           38%[n-68]

                           
                        
                     

                     
                           	
                              
                           
                            11

                           
                        
                        	
                              
                           
                           Friction Burn of Ligature Mark

                           
                        
                        	
                              
                           
                            95.4%[n-435]

                           
                        
                        	
                              
                           
                           25.8%[n-46]

                           
                        
                     

                     
                           	
                              
                           
                            12

                           
                        
                        	
                              
                           
                           Self Inflicted Nail Marks over Neck and Chin

                           
                        
                        	
                              
                           
                            0.5%[n-02]

                           
                        
                        	
                              
                           
                           Nil

                           
                        
                     

                  
               

            

         

         
               Materials and Methods

            These Prospective study was conducted between 2009 and 2020 at various regions, Kingston & Bangalore. A total of 9684 Autopsies
               were conducted of which Suicidal
            

            Hanging contributed to 6.5% (n — 634) of cases. Autopsies were conducted with enmasse removal of Cranial Cavity Brain, Thoracic
               and Abdominal Organs and the neck was the last to be dissected after Exploring all the body Cavities. External findings of
               the ligature mark were described, photographed and sketched along with Taping of the Mark to correlate with the Possible Suspension
               Material. Internal findings of the neck studied layer by layer dissection of the neck. For Understanding of the Ligature Mark
               of Front of Neck, the Neck was Virtually divided into Three, considering the Thyroid Cartilage as Midline. Tapes were Used
               to Measure the Length of Ligature Mark along the Circumference of the Neck. Magnifying Glass Used to Understand the Skin Changes
               over the Ligature Mark. The parameters studied were gender of victim, Knot Type and Its Position, the ligature mark with reference
               to its site, level, number, continuity and its Shape. The findings were recorded both in the Post-Mortem Report and the Same
               were Analyzed during the Period of Study. At Times Black and White Photography used to understand the Diffuse Ligature marks
               because this helped to differentiate the Dark and Pale regions arising out of Skin changes as a result of Neck Compression.
               All Data Obtained in Each Suicidal Hanging were Documented Separately in a Standard Format and the same were Analysed at the
               end of the Study.
            

         

         
               Results

            This Prospective Study was carried out during the period 2009 to 2020. A total of 9684 cases were Autopsied during this period
               of Study [Figure  1]. A Total of 634 cases were studied during the period of 11years. Suicidal Hanging contributed to 6.5% [n-634] of the Cases.
               Males accounted for 38% cases [n-240] [Chart no 02] and Females accounted for 62% cases [n-394]. Complete Hanging contributed
               to 71.9% of cases [n-456] and Partial Hanging in 28.1% of cases [n-178] [Figure  3].
            

            In Partial Hanging, the Position of Ligature Mark in 86% [n-153] cases was across the Thyroid Cartilage and was Nearly Horizontal
               in the Front. In 12% [n-21] of cases the Ligature Mark was situated Above the Thyroid Cartilage and was Oblique. In Only 2%
               [n-4] of cases the Ligature Mark was situated Below the Thyroid Cartilage and was Oblique in Shape.[Figure  4] In complete Hanging,92% [n-420]of cases the Ligature Mark was Situated Above the Thyroid Cartilage and was Oblique in Shape,
               only in 08%[n-36]of cases the Ligature Mark was situated across the Thyroid Cartilage. In None of the cases The Ligature Mark
               was situated below the Thyroid Cartilage and the 99% of the Ligature mark was Oblique Shaped.[Figure  4] 
            

            In 98% of Complete Suspension, The Skin over the Ligature Mark Showed Heaping up of Epithelium at the Margins and in all cases
               of Suspension the Displaced Epithelium is Directed Upwards and Downwards. In 29% of Partial Hanging the Heaping of Epithelium
               and Displaced Epithelium was well appreciated.[Table  1] In 6.2% [n-11]cases of Partial Suspension there were Isolated Hemorrhages at the Margins. In none of the Cases of Complete
               Suspension, Hemorrhages were noted at the Margins of the Ligature Mark. [Table  1] In Complete hanging, 81% [n-369] of cases the Ligature Mark was Incomplete encircling of the Neck and comprised only 75%
               of the Circumference of the Neck. In 19%[n-87] the Ligature mark completely encircled the Neck, wheras in 13% [n-59] of cases
               the Ligature Mark was Limited to the Front of the Neck. In 03% [n-14] of cases Oval Shaped Contused Abrasions due to Knot
               Impressions were present. Multiple Ligature Mark & Slippage of Ligature Mark was observed in 1.5% [n-7] of the Suspensions.
               In 95.4% (n-435) of the cases in Complete suspension, the ligature mark showed Blackening of Skin (friction burn). Only 1.3%
               (n-06) of Hanging showed intact skin. Self Inflicted Nail Abrasion present in 0.5% [n-2] of the cases, and they were situated
               across the Neck and Chin region. [Table  1] In Partial hanging, 73%[n-130] of cases the Ligature Mark was Incomplete encircling the Neck and comprised only 75% of the
               Circumference of the Neck. In 27%[n-48] the Ligature mark completely encircled the Neck, whereas in 38%[n-68] of cases the
               Ligature Mark was Limited to the Front of the Neck. In 5,0% [n-9] of cases Oval Shaped Contused Abrasions due to Knot Impressions
               were present. Multiple Ligature Mark & Slippage of Ligature Mark was observed in 1% [n-02] of the Suspensions.[Table  1] In 25.8% (n-46) of the cases in Partial suspension, the ligature mark showed Blackening of Skin (friction burn). In 28.1%
               (n-50) of Hanging showed intact skin. Partial Hanging Reported No Cases of Self Inflicted Nail Abrasion over the Neck and
               Chin region.[Table  1] A Slip Knot was used on 97.73% of suspensions [Figure  5]. In 78% of Suspension the Position of the Knot was situated over the [Typical Hanging] Nape of Neck [Figure  6].
            

         

         
               Discussion

            This prospective study was conducted between 2009 and 2020. A total of 9684 cases were autopsied during this period, of which
               deaths due to hanging comprised 6.5% (n — 634) of Autopsies. Similar studies conducted by Hassan et al.14 in a two-year period in Kuwait reported a total of 118 cases. In another study conducted by Kumar and Verma 15 in Lucknow (India) a total of 4405 cases were autopsied in a five-year period of which Hanging contributed to 10% of cases.
               Dean et al.16 had studied on 229 cases. This Variations in the Number of Cases per Thousand Autopsies is possibily due to Regional Variations,
               Influence of Cultural and socioeconomic factors. Hence, the present study is Important for its high Number of Cases Studied
               as compared to other Studies, this makes it more Relavent & Unique in its Nature. 
            

            The present study also indicated the fact that 72% of the hangings were complete [n — 456], these results are close to the
               observations made by Sharma et al.17 and Saisudheer and Nagaraja, 18 in their study, 68% and 64% of the cases respectively were due to Complete Hanging, however these observations are contrary
               to those made by Dean et al.16 They observed that 83.4% [n– 229] and 47.37% of their cases were due to Partial Hanging, all these observations highlight
               the regional influence, lifestyle and to a certain extent the type of residence. 
            

            In the present study females were the Major Victims comprising 62% [n-393] of cases and males contributing to 48% of Cases.
               These results are contrary to the claims made by Jayprakash and Sreekumar 19 and Sharma et al.17 wherein, the male to female victim ratio was 2:1. However, their observations closely matched with the age group involved.
               The observations made by Kurtulus et al.,20 Jayaprakash and Sreekumaran,19 Abd-Elwahab et al.,21 Suminska-Ziermann22 and Al Madni et al. 23 are more deviating as they found that the Males were more affected than females in the ratio 3:1. This wider variation in
               the sex group is possibly due to the cultural, religious, economic and lifestyle factors driving the individual to Suicidal
               Hanging.  In the present study the most preferred knot was the Slip knot, contributing to 97.73% (n — 620) of cases. These
               results were contrary to those made by Sharma et al.17 wherein they had concluded 71% of their victims had fixed knot. The observation made by Saisudheer and Nagaraja18 was close to the observations made in the present study. 
            

            Hence, the type of knot determine the ligature mark and its continuity over the neck. In the present study, 78% (n — 494)
               of the victims had their knots over the Nape of the neck (typical hanging), Contrary to the views of Saisudheer and Nagaraja18 and Sharma et al.17 who had opined that 89% and 88% of the cases respectively, were Atypical Hanging [knot over the sides of neck]. This is an
               area which need to be Studied Furhter, the possibility of Psychological Factors influence cannot be ruled out. And the other
               possible factors like the victim tying the noose around his neck during the time of suspension and then jumping over it, and
               the other possibility is that the Changing Knot position after suspension. The study highlights the influence of regional,
               religious, cultural, socioeconomic factors and demographic factors responsible for Suicidal Hanging. It also encourages further
               research into these factors so as to Understand Suicidal Hanging. In the present study, Majority of the Position of the Knot
               77% (n — 488) of the victims Were situated over the Nape of the Neck and only 18%[n-114] over placed over the Sides of the
               Neck, this is Contrary to the Observations made by Saisudheer and Nagaraja 18 and Sharma et al.17 who had opined that 89% and 88% of the cases respectively, were Atypical Hanging [knot over the sides of neck]. This is possibly
               due to the victim tying the noose around his neck during the time of suspension and then jumping over it, the other possibility
               is that the knot position changing after suspension during the terminal phases of hanging. In the Present Study the Situation
               of Ligature Mark in reference to the Thyroid Cartilage for both Complete Hanging and Partial Hanging was Made,hence this makes
               the Study Unique to other Studies wherein this Differentiation was not Observed. The majority of the ligature marks [92%]
               in complete Hanging were Situated Above the Thyroid Cartilage Wheras in Partial Hanging the Majority of Ligature Mark were
               Situated across the Thyroid Cartilage in86% of cases. This Study differs and Varies with that of Study conducted by  Saisudheer
               and Nagaraja 18 & Sharma et al. 17, Their Results show no differentiation on the Hanging Type,however, their results are also Contrary to those made in the
               present study. 
            

            The presence of ligature mark above the thyroid cartilage is due to the yielding soft tissue between upper bony margin of
               the jaw and the lower protruding thyroid cartilage besides the concentration of a larger force on small area of the neck.
               The angle of Mandible acts as the Resting Point and act as weight bearing in Suspensions, this are the major factors responsible
               for the Ligature Mark in High number [92%]of cases in Complete Hanging to be situated above the thyroid Cartilage.In the present
               study, 81% (n — 369) of the Complete Hanging & 73%[n-130] Of Partial Hanging Victims showed discontinuity (incomplete) in
               Ligature Marks, similar were the observations made by Jayprakash & Sreekumar19 and Saisudheer & Nagaraja. 18 They had concluded that 78% and 82% of their victims, respectively showed incomplete ligature marks., though, the Hanging
               Type Specific Information was not available. 
            

            In the present study the most preferred knot was the Slip knot, contributing to 89% [n-564] of cases These results were contrary
               to those made by Sharma et al.17 wherein they had concluded 71% of their victims had fixed knot. The observation made by Saisudheer and Nagaraja 16 was close to the observations made in the present study. In the present study Obliquity of the ligature mark present in 99%[n-45]1
               and 86% [n-153]of the Complete and Incomplete Hanging Respectively, wheras Horizontal Ligature Marks was Noticed in 1% and
               14% of Complete and Incomplete Hanging, similar were the observations made by Jayprakash and Sreekumar 21,however the Horizontal ligature mark was noted in Partial Hanging. The type of knot, continuity of mark and completeness
               of hanging are important in determining the ligature mark over the neck. In a Complete Hanging wherein the body is completely
               suspended with a slip knot the ligature mark will be oblique and continues without disruptions, whereas in fixed knot non
               continuity of the mark is common though Obliquity is maintained in Complete Hanging. In Partial Hanging with Slip knot the
               continuity is maintained but the mark is situated horizontally whereas in fixed knot with partial suspension horizontal mark
               is present over front of the neck and missing over the nape of the neck. Hence, the type of knot and type of suspension determine
               the ligature mark and its continuity over the neck. The morphology of the ligature mark highlighted that 98% (n – 447)  &
               29% [n-52]of the ligature mark  in Complete and Incomplete Hanging Respectively,Table-1,showed grooving, contrary to the claims
               made by Saisudheer and Nagaraja 18 wherein they had observed grooving in 54% of their cases. The possibility of not differentiating between Complete and Incomplete
               Hanging may be the possible reason for the similarilty and contrasting results. In the present study a unique pattern was
               noticed with grooving that the grooving was associated with heaping up of the epithelium, Blackening,due to displacement of
               the superficial skin in a directional fashion. Majority of these displacements were toward the Margins of the Mark wheras
               in in 1.4% and 24% of Complete and Incomplete Hanging Respectively,showed Intact skin. The displacement was due to the friction
               movement of the ligature against the skin surface of the neck during the process of decorticate and decerebrate rigidity during
               the process of Suspension by a ligature around the neck. This also indirectly confirms the ante mortem nature of Suspension,
               however further study in this area is required. The blackening or dark Brownish appearence of the displaced skin  is possibly
               due to heat generated during the friction of ligature material against the skin surface. The author considers these observations
               as one of the factors in determining the ante mortem nature of hanging; these observations were not found in similar studies
               done elsewhere. The Present study also reported in 0.5%[n-02] cases their were Nail Marks[Scratch Abrasions] over the front
               of Neck and Chin ,a strange observations in contrast to similar studies done elsewhere.the injuries resulting due to attempt
               of the victim to Ward of the Ligature Compression cannot be ruled out. Hence this Study with many unique observations has
               helped understand the Ligature Mark in Suicidal Hanging.It also at the same time indicates the need for Further Research to
               understand the varied incidences and characters in Suicidal Hanging.
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