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ABSTRACT 

The correct determination of time since death is an important goal in medico-legal investigation. Many 

Recent advances in the methods of estimating time since death have enabled us to determine 

postmortem interval more precisely .Earlier methods were based on the body cooling , rigor mortis, 

changes in the eye, putrefaction and contents of stomach . These methods were not so prominent and 

only an approximate time could be estimated. Due to the lack precision the focus has now been shifted 

to biochemical, entomological and nucleic acid degradation methods which are based on systematic 

pathophysiological changes and found to be more accurate as the effect of external conditions is less in 

these methods. This review describes estimation of time since death through body fluids such as 

vitreous humor, pericardial fluid and synovial fluid due to changes in them, which occur following 

death and relation to postmortem interval. 

INTRODUCTION 

Death is the eradication of life and all associated processes. In spite of the tremendous progress in 

forensics and life science over the past few decades, especially through DNA analysis, time of death 

(TOD) is still a dark spot. The estimation of the time of death, also known as post mortem interval 

(PMI) which helps the police in their investigation when arriving at the scene of a questionable death. 

In the early period, the forensic experts made use of post mortem cooling, postmortem lividity and 

rigor mortis to estimate PMI [1]. Estimation of time since death is an integral part of medico-legal 

investigations. 

Post-mortem Interval is defined as “amount of time that has elapsed since the deathof the decedent”. A 

Preliminary idea about the time of assault or offence can be known by estimating time since death 
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which will also narrow down the field of suspects.  An unambiguous estimation of post-mortem 

interval is important for criminal law as it validates the witness’s statement, limits the number of 

suspects and appraise their alibis. 

Eyewitnesses and scientific techniques are the two sources for determination of time since death. 

Eyewitnesses play an important role in the criminal justice system since it is a readily accepted form of 

evidence. However, eyewitness testimony is considered the most fragile and unreliable evidence by 

the criminal justice system, as it tends to convict innocent individuals in high proportions. The chief 

reasons for making eyewitness evidence as a delicate piece of information is its uncontrollable 

dependence upon factors such as age, health, personal bias, perception problems, discussions with 

other witnesses, stress, etc. Thus, eyewitness testimony should beused in conjunction with other 

evidences in the court of law. 

 Due to these physical, metabolic, autolysis, physiochemical and biochemical process there occur a lot 

of change in the body after death. These changes progress in an orderly manner until the body 

disintegrates. The measurement of these changes along with time is used for estimating time since 

death [2][3]. In the last 60 years many methods have been proposed for the determination of post-

mortem interval by biochemical means. Body fluids such as blood, spinal fluid, aqueous humor and 

vitreous humor of the eye show chemical changes immediately or shortly after death. These changes 

progress in a fairly orderly fashion until the body disintegrates. Each change has its own time factor or 

rate. The determination of these chemical changes helps to estimate time since death more accurately. 

Factors such as pre-existing disorders, cause of death, survival period, environmental factors and 

properties of the anayte under investigation shows variation in biochemical profiles [4-10].  

VITREOUS HUMOR 

VH is a colorless, transparent jelly-like tissue filling the eyeball behind the lens approximately 4–5 ml 

in quantity [11]. It composes of collagen fibers and hydrophilic glycosaminoglycan hyaluronan [12], 

which constitutes a hydrated gel containing few cells [13, 14]. It contains 99% water and solids in the 

form of macromolecular and low molecular weight constituents, such as sugars, urea, creatinine, and 

electrolytes.  Electrolytes that can be measured in VH include sodium, potassium, chloride, calcium, 

and magnesium [15, 16]. Its radial available makes it an interesting medium for postmortem 

biochemical studies owing to its anatomical location and relative resistance to bacterial contaminations 
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over the first week after death and the changes in its biochemical parameter take place gradually. [4] 

Following the pioneering work of Naumann, [17] who estimated the levels of various substances in 

vitreous humor, Jaffe [18] first noticed an increase in potassium level in the vitreous fluid in a regular 

fashion after death. This was later substantiated by other researchers [19, 20,21]. 

 Vitreous potassium has been the most extensively analyzer parameter for estimation of 

postmortem interval [22].  After death Potassium diffuses from the retina and, the lens  into  the  

VH.  The concentration of potassium in VH is slightly higher as in plasma because of an active 

transport of potassium between the ciliary body into the posterior chamber and through the 

anterior capsule of the lens and passive diffusion by the posterior capsule of the lens into the 

vitreous body [23]. After death, there is breakdown of the sodium/potassium ATPase pump  

and  the  loss  of  selective permeability of membrane, the equalization in the concentration 

differences takes place[24,25]. Potassium starts to leave the cells of the body quickly after 

death. As a result of this the concentration of serum potassium enhances very rapidly post-

mortem [24]. In comparison to serum and CSF, vitreous potassium levels gradually rise 

linearly after death [24, 25]. 

 The concentration of sodium and chloride were found by others researchers to be relatively 

constant in the early post-mortem interval, and thus may be useful in the determining the 

manner of death [26]. Studies have shown that the levels of sodium and chloride fall slowly 

after death, while potassium slowly rises [22], these changes are reported to be in proportion to 

the PMI [25]. However, it was also found that the correlation between vitreous electrolytes and 

time since death was not statistically significant [22]. It has been concluded that the sodium, 

calcium, and chloride levels do not playing active role in estimating PMI [27]. 

A MEDICOLEGAL STUDY OF DETERMINATION OF TIME SINCE DEATH FROM 

POTASSIUM LEVEL: 

A number of cases were brought and then divided into two sub groups: and some of them were taken 

as control group with pre-knowledge time of post mortem interval and another study group with 

unknown time of death. 

METHODOLOGY OF VITREOUS HUMOR COLLECTION: 
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Vitreous   humor   was   collected   from   the   posterior chamber  of  the  eye,  slowly  and  gradually  

avoiding  the tearing of loose fragments of tissues by needle aspiration through  a  puncture  made  5-6  

mm  away  from  the  limbs using 10 ml syringe and 20 gauze needles and poured in a sterile  test  tube  

with  rubber  stopper.  The concentration of solute in the vitreous humor next to retina is different than 

in the center portion occupied by the eye globe so much of the vitreous humor can be removed [28]. 

Liquid  paraffin  gel  was injected in the  posterior  chamber  of  eye  for  cosmetic  purposes.  The 

samples    were    taken    immediately for analysis. The potassium and urea concentration were  

determined by   auto-analyser.   Advantages of auto-analyser   over conventional flame-photometry 

are: 

 Dilution  of  serum  is  not  required  which avoids  the manual error 

 Determination   of   electrolytes   is   independent   of variation  in  protein  and  lipid  

concentration  in  the sample 

 Time   required   for   determination   of   electrolyte concentration    is    less    as    compared    

to    flame photometry. 

Through studies found followings inference in control samples: 

 The minimum and maximum values of actual postmortem interval were 2.55 hours and 42.40 

hours  respectively 

 The minimum and maximum values of ages noted were 2 and 76 years respectively. 

 The no. of cases in different modes of death were 30 of asphyxia, 29 of syncope and 41 of 

coma. 

Hence, it was observed that there was highly significant association between vitreous potassium level 

and PMI. 

 

SYNOVIAL FLUID 

Synovial fluid, also called synovia, is a viscous fluid found in the cavities of synovial joints. The egg 

white–like consistency, [29] reduces friction between the articular cartilage of synovial joints during 
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movement. Synovial fluid is a small component of the transcellular fluid and helps to lubricate and 

cushion your joints [30]. 

Synovial is a well investigated compartment in rheumatology [31] and handbooks of joint analysis are 

available [32]. However, area of medico-legal interest on synovial dealing with alcohol concentration 

[33, 34], drug distribution into synovial  [35], and postmortem chemistry regarding the cause of death 

[36,37]is not so wide . There are some studies which dealt with the estimation of post-mortem interval 

according to time course of potassium ion activity in cadaveric synovial [38] and other on the 

distribution of various analytes which are helpful in post-mortem chemistry. 

A STUDY OF SYNOVIAL FLUID ON POTASSIUM : 

Many studies derived different regression equations with the synovial fluid of cadaver and potassium 

concentration and post mortem time have been estimated by investigators. These studies showed that 

synovial fluid could be used as a tool for post mortem time estimation compared to the vitreous humor 

and the values was comparable in all other electrolytes examined [40]. 

Different formula has been derived from different studies for determining postmortem interval from 

cadaveric synovial   fluid [40-42]. 

Some scientist such as Madea in 2001 derived regression equation for death interval was (45 * 

7.69·potassium), Sahoo in 1997 derived equation was( 2.94 * 0.113·potassium) and Sheikh in 

2007derived regression equation from the same was (5.28 * 2.20·potassium), all the studies were 

performed over different populations. 

Potassium Intracellular concentration is higher as 2–40 times as compared to the plasma potassium 

concentration. As the pumping mechanism of the cell become inactive after death and cell wall ion 

channels become semi- permeable from active permeable(active transport) , so the potassium is leak 

form these channels to reach the equilibrium [43, 44] . Same as in case of vitreous humor, the synovial 

fluid is well protected anatomically and it is preserved at postmortem in the cases of drugs but can be 

used for post-mortem interval. Synovial fluid has less chances to contaminate as in blood and CSF. 

Chemical changes also occur in synovial fluid but with slow rate as than blood or CSF, due to this 

reason this fluid extends the period of time during which it could be used to estimate postmortem 

interval. . 
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METHOD AND FINDINGS: 

Cases were examined and studied with respect to different age and sex at different time of death 

intervals. The details of age, sex, date and time of death, the circumstances, and the history are 

extracted from the panchanama (inquest papers), reports related to medico-legal cases and death 

certificate are issued from the hospital. 

The estimated time since death varied from 01.45 to 35.18 h. The concentration of potassium in 

synovial fluid and death interval was significantly correlated. The following equation was derived foe 

death interval: (2.83*potassium - 15.41). 

The postmortem changes in biochemical electrolytes particularly in potassium occur with breakdown 

of the metabolite mainly due to anaerobic glycolysis due to which active membrane transport fails to 

work and loss selective permeability of membrane which leads to non-active transport i.e. semi-

permeability of membrane, and results of this process diffusion of ions according to their 

concentration gradients starts [41].  From the autolysis of the cell membrane of the synovium it was 

attributed that the rise in the potassium level in the synovial fluid. The synovial composition having a 

homogeneous distribution of cations like potassium throughout showed a stronger correlation 

coefficient with time since death [43, 44]. 

PERICARDIAL FLUID 

A pericardial effusion is excess fluid between the heart and the sac surrounding the heart, secreted by 

the serous layer of the pericardium into the pericardial cavity. The pericardium consists of two layers, 

an outer fibrous layer and the inner serous layer. This serous layer has two membranes which enclose 

the pericardial cavity into which is secreted the pericardial fluid. The fluid is similar to the 

cerebrospinal fluid of the brain which also serves to cushion and allow some movement of the organ 

[45]. 

Pericardial fluid, a relatively unexplored vista in estimating time since death. The  advantages  of  

pericardial  fluid over  VH  and  CSF  are  the  easy  access and  large  volume;  and  over  blood  it 

have  decreased  tendency  to microbial  contamination  and  bacterial  degradation.  This feature 

allows large number of tests to be  conducted  on  each  specimen because of large volume of fluid 

available [46]. 
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Many studies showed that Potassium ion concentration increases with time since death.   There is  no  

effect  of  other  parameters  like  age,  sex  on the variation of levels of potassium . There is  no  

variation  among  different  causes  of  death in terms of pericardial potassium level .The  

determination  of  TSD  is  a  challenging  job  for  the  Forensic  Pathologist  because  of  varied  

reasons.  Many  factors  are  responsible  for  these  variations  resulting  difficulties  in  exactly  

pinpointing  TSD.  

 Electrolyte  imbalance  following  death  is  also  taken  as  tool  by  different workers  for  estimating  

TSD;  the present  studies  reflects  the  same.  K+  level  reflect  a  positive  finding  in  estimating  

TSD  especially  within  24hr  following  death.  More  &  more  works  have  been  suggested,  taking  

up  more  &  more  electrolytes  equal  in  no  in  various  body  fluids  using  modern  techniques  for  

the  purpose  to estimate time since death [47] .In some studies the reliability  of  pericardial  fluid  

parameters  like  pH,  pO2,  pCO2,  and HCO3 is determined for estimating postmortem interval. The 

wide variations of the various parameters can be attributed to various   factors   like   the   presence   or   

absence   of   non-cardiac endocrine  diseases,  built  of  the  individual,  age,  sex  and  climatic 

condition,  and  the  different  analytical  technique  adopted  for  the analysis  of  the  pericardial  

fluid.  The time lag  between  collection and analysis of fluid also be a variable for the wide variations 

in the results of our study [48]. 

Hence, Pericardial fluid can be used for determining time since death due to the assumption that it is 

well protected in pericardial sac and hardly gets affected by post-mortal changes [48]. 

CONCLUSION 

The ever-increasing crime rate is demanding fast and sensitive methods for determining time since 

death. An appreciable extent of work has been carried out by researchers to accurately estimate post-

mortem interval. Recent developments of biochemical methods have completely changed the phase of 

determination of time since death. The biochemical methods are more sensitive, systematic and less 

prone to errors. The conventional methods are affected by conditions such as environmental 

temperature, humidity, position of body, presence of infections or diseases. This disadvantage has been 

overcome by the use of biochemical methods since such methods investigate the pathophysiological 

changes occurring in the body. 

Biochemical methods have been developed today but few of them are being incorporated into daily 
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course work. The main reasons for this are the high cost involved in carrying out the experiments, 

sparse availability of highly technical professionals, time-consuming methodology and lack of 

standardized procedures. 

Despite several advancements in the techniques for determination of post mortem interval, the 

accuracy of these methods still leaves room for improvement. The development of more reliable 

techniques will not only be an achievement in the forensic science field but will also prove to be 

beneficial in the court of law as it would reduce the period of trial and the number of wrong 

convictions. 
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