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AbsTrAcT 
the viscosity of synovial fluid is known to depend mainly on its components: high-polymer 

glycosaminoglycans and, above all, hyaluronic acid. it should be noted that the synovial fluid 
was not specially studied in forensic-medical practice in the aspects of establishing specificity of 
autolytic processes, which occur in the composite components of the joint synovial environment) 
within the specific time intervals of autolytic reactions. 

From our point of view: viscometric characteristics of synovial fluid might be rather informa-
tive in determining the time of death, because the processes of autolysis in composite components 
of the joints synovial environment cannot but impact the structural characteristics of glycopro-
tein complexes responsible for viscosity of the synovial fluid. in this context, first of all, the dy-
namics of changes in the values of synovial fluid viscosity should be determined depending on the 
time of death. the synovial fluid from knee joints of 16 mature cows at the age of 5 years served 
as the matter of study. 

viscometric indices proved to be rather informative in determination of precise time of death, 
since during the first five days after slaughter of animals there was a rather clearly visible dy-
namics of shifts manifested as a steady rise in synovial fluid viscosity indices. 
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vial fluid was not the subject of a special study in 
forensic-medical practice in aspects of establish-
ing the specificity of autolytic processes occurring 
in the composite components of the joints’ syno-
vial environment in the specific time interval of 
autolytic reactions. Meanwhile, it is precisely in 
the synovial fluid that autolytic processes should 
differ in a specific “autonomous” course, since the 
joint unit itself is a relatively autonomous system. 
Therefore, in many cases post-mortem biochemi-
cal, immunological and morphological changes in 
the synovial fluid depend on the decay of cellular 
and non-cellular structures localized in the 
synovium and articular cartilage. The synovial 
fluid is known as a high-polymer compound. Its 
viscosity mainly depends on synovial fluid compo-
nents: high-polymer glycosaminoglycans and, 
above all, hyaluronic acid.

It is considered to be established that hyaluronic 
acid depolymerization is accompanied by a signifi-
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introDuction

Currently, in forensic-medical practice there 
are no criteria for laboratory determination of the 
time of death. Numerous studies conducted over a 
relatively long period of time to determine the na-
ture and features of autolytic processes in various 
organs and tissues did not lead to positive results, 
because in most cases no correlation dependence 
was found between the course of autolytic pro-
cesses in specific organs and tissues and the exact 
time of death. In this aspect, the results of bio-
chemical, cytological, endocrinological and im-
munological studies on such biological media as 
blood, cerebrospinal, intraocular, lachrymal, gin-
gival fluids turned to be not informative. At the 
same time, it should be emphasized that the syno-
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cant decrease in viscosity of the synovial fluid and 
occurrs at different diseases of musculoskeletal sys-
tem: arthroses and arthrites of infectious and non-in-
fectious etiology (rheumatoid arthritis, rheumatism, 
spondiloarthritis, osteoarthritis, juvenile, brucellous and 
syphilitic arthrites, osteoporosis, etc.) [Sinyachenko o., 
1998; Bobkov v. et al., 2000; Fukui n. et al., 2001; 
Kazakov v. et al., 2003; yoshida m. et al., 2004; 
ciurtin c. et al., 2006; maury e., Flores r., 2006; 
Fam h. et al., 2007; ostalowska a. et al., 2007].

According to authors, in this group of diseases the 
decrease of synovial fluid viscosity features is due to 
severe activation of catabolic processes in the 
synovium and articular cartilage. Indeed, these pro-
cesses in the cellular elements in both composite 
components of joints synovial environment is also 
accompanied with significant increase in the activity 
of hyaluronidase either in the above mentioned tis-
sues, or in the synovial fluid. Moreover, the degree of 
synovial fluid depolymerization accompanied with 
significant decrease in its viscosity (due to the decay 
of hyaluronic acid that is part of the glycoproteins), 
clearly correlated with the activity degree of pathology 
processes in the musculoskeletal apparatus.

At the same time, from our point of view, visco-
metric characteristics of the synovial fluid can be 
rather informative in determining the time of death, 
because the processes of autolysis in composite 
components of the joints synovial environment can-
not but have impact on the structural characteristics 
of glycoprotein complexes, which are responsible 
for the condition of viscosity in the synovial fluid.

In this context, first of all, the dynamics of 
changes in synovial fluid viscosity indices should 
be determined, depending on the time of death.

Prior to research on autopsy material, we found it 
useful to determine viscosous properties of the syno-
vial fluid of the knee joints of mature cows at the age 
of 5 years, taking into consideration the specific 
timeframe of slaughter. Similar studies in healthy 
animals served as a necessary step in the implemen-
tation of scientific investigation aimed at search for 
informative indicators determining the time of death.

material anD methoDS

The synovial fluid of the knee joints of 16 ma-
ture cows at the age of 5 years served as an object of 
the study. The animals were divided into four 
groups. In the first group the synovial fluid of the 

knee joints was removed with puncture needle im-
mediately after the slaughter; in the second group it 
was done on the day after slaughter; in the third 
group the fluid was drawn on the fourth day after 
the slaughter, and in the fourth group it was done on 
the fifth day after slaughter. As a result, during dif-
ferent time intervals the synovial fluid was extracted 
from four knee joints of every animal. Samples of 
the synovial fluid of the first study group animal 
knee joints, i.e. specimens obtained immediately 
after slaughter, were delivered in the cold container 
to the Scientific-Research Center of the Yerevan 
State Medical University after M. Heratsi. Samples 
of synovial fluid from animals of the 2nd, 3rd  and 
4th study groups were obtained from resected knee 
joints, which were preliminary kept at room tem-
perature 2, 4, and 5 days, respectively.

All samples were subjected to viscometry and 
biochemical analysis for glucose determination. 
The relative viscosity of the synovial fluid was de-
termined by medical viscometer VK-4 (Russia) 
and expressed as mini-Pascal/second (mpa/s). The 
level of glucose was determined using a spectro-
photometer KFK-2 (Russia), using an appropriate 
kit (“Delta”, Armenia) and expressed in mmol/l. 
Statistical analysis was performed using Student’s 
criteria with the help of IBM SPSS Statistic 20 
program (one-sample t-test and paired t-test).

reSultS 
The results of studies to determine the degree of 

viscosity and glucose levels in the synovial fluid 
are given in the table below.

As obvious from the Table, upon determination of 
synovial fluid viscose properties, on the second, fourth 
and fifth days after the slaughter relatively high values 
of viscosity were registered. In particular, on the day 
after the slaughter, i.e. in animals of the second study 
group, indices of viscosity in the synovial fluid of knee 
joints were 4.5 times higher than those in the synovial 
fluid of the first study group animals and 3.9 and 11.6 
times above indices revealed in animals of the third 
and fourth study groups, respectively.

In addition, the results of statistic analysis 
showed that on the fifth day after slaughter the 
highest indices of viscosity were determined to be 
2.6 and 2.9 times higher than the corresponding 
indices in the synovial fluid of animals from the 
second and third groups, respectively.



63

the New ArmeNiAN medicAl JourNAl, vol.6 (2012), no 4, p. AVAgyAN s.A. et al. 61-64

At the same time, on the third day after the 
slaughter lower indices were recorded in the syno-
vial fluid in comparison with indices of the second 
study group. 

Unlike the results of viscometry, at determina-
tion of glucose levels in the synovial fluid from 
knee joints the diametrically opposite picture was 
observed. Thus, in a day after the slaughter, i.e. in 
the second study group, indices of glucose levels 
did not differ from those identified in the synovial 
fluid from knee joints of the first study group ani-
mals. However, there was a noticeable decrease in 
glucose levels among animals of the third and 
fourth groups, i.e. on the fourth and fifth days after 
slaughter. Glucose values in mentioned time inter-
vals were almost similar, but 1.4 and 1.5 times 
lower than those recorded in animals from the first 
study group, respectively.

DiScuSSion of reSultS

Summarizing the results of the studies per-
formed, the following conclusion might be drawn. 

Viscometric indices proved to be very informa-
tive for determination of the precise time of death, 
since during the first five days after slaughter of 

animals we observed very clearly visible dynamics 
of shifts: with steady rise in viscosity indices of 
the synovial fluid. Moreover, the comparative sta-
tistical analysis showed that the viscometric indi-
ces in each study group were specific to a particu-
lar group. This latter also allowed regarding these 
values as an objective criteria for determination of 
death prescription.

Glucose values determined in the synovial fluid 
of animal knee joints were relatively less informa-
tive. In particular, on the day after slaughter, i.e., 
in animals of the second study group glucose val-
ues in the synovial fluid practically did not differ 
from those detected in the synovial fluid of the 
knee joint fluid of the first study group animals. 
However, in animals of the third and fourth study 
groups, i.e. on the fourth and fifth days after the 
slaughter there was a marked decrease in glucose 
levels. Thus, glucose values in mentioned time in-
tervals were almost similar; however they re-
mained 1.4 and 1.5 times below the analogous val-
ues recorded in animals of the first study group. 

what are the possible mechanisms underlying 
the increase of viscose properties of synovial fluid? 
As known, the synovial fluid is characterized by a 
rather high viscosity degree, the indices of which 
in normal conditions are 20% higher than the val-
ues for blood [Sinyachenko o., 2008]. The de-
crease in degree of synovial fluid viscose proper-
ties is associated with depolymerization of hyal-
uronic acid or formation of low-molecule hyaluro-
nates due to derangement of hyaluronic acid po-
lymerization processes.

The decay process of hyaluronic acid high-poly-
mer compounds, which are complexed with proteins 
to form glycopolymer complexes in tissues and 
body fluids, depends on numerous factors. 

First of all, this process depends on balanced syn-
thesis of high-polymer hyaluronidases. Therefore, 
“hyperactivity” “of hyaluronidase is fraught with 
decay of glycoprotein complexes accompanied with 
decrease in viscosity of the body fluids, and, above 
all, of the synovial fluid. In mammals the macro-
phages, fibroblasts and endothelial cells are the main 
cells responsible for synthesis of hyaluronidase. 
These cells, apart the numerous other functions, are 
also responsible for hyaluronic acid degradation.

Secondly, the processes of synovial fluid depo-
lymerization can be caused by the action of micro-

TAble.
Indices of viscometry and glucose levels in sy-

novial fluid of experimental animals 

Study Groups
Parameters Studied

Viscometry Glucose

First Group 0.054±0.002 3.3±0.1

Second Group 0.243±0.0035
p1<0.0005

3.2±0.1
0.25> p1>0.1

Third Group 
0.214±0.003
p1 < 0.0005
p2< 0.0005

2.3 ± 0.2
p1 < 0.0005
p2 <0,0005

Fourth Group 
0.628±0.005
p1 < 0.0005
 p3<0.0005

2.2 ± 0.8
0.05 <p1< 0.10

p3<0.4
Notes: 
p1 – indices of the second, third and fourth 

groups in relation to the first group;
p2 - indices of the third group in relation to 

the second group;
p3 – indices of the fourth group in relation to 

the third group.
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somal enzymes and peroxide radicals. In particu-
lar, there was revealed a direct correlation between 
the viscosity of the synovial fluid and its phago-
cytes content, which are characterized by a devel-
oped lysosomal apparatus comprising a wide range 
of hydrolytic enzymes [Fukui n. et al., 2001].

It should be emphasized that the viscose proper-
ties of synovial fluid in the dynamics of the auto-
lytic processes development were not the subject of 
special studies in forensic medicine for determina-
tion of the time of death. Therefore, to a known ex-
tent, our research in this direction is priority-driven.

As shown above, with the increase of period 
after slaughter rather high viscose properties were 
recorded in the synovial fluid of animals. It is not 
ruled out that with development of autolytic reac-
tions in joints synovial environment the high-poly-
mer glycosaminoglycans balanced synthesis and 
degradation processes are disrupted; this latter un-
doubtedly cannot but affect on viscosity of the sy-
novial fluid. At autolytic processes developed in 

composite components of the joints synovial envi-
ronment, in the synovial membrane and articular 
cartilage, due to the decay of hyaluronidase selec-
tively synthesizing cells (synoviocytes, leucocyttes, 
macrophages, endotheliocytes, chondrocytes), the 
regulatory role in the maintenance of optimum vis-
cosities of glycoprotein complexes is “leveled”. 
Therefore, at a certain stage of autolytic reactions 
development the processes of depolymerization are 
suspended, and thus cause high degree of synovial 
fluid viscosity. In addition, with the enhancement of 
autolytic processes in composite components of the 
joints synovial environment, processes of dehydra-
tion quite naturally occur in the synovium and ar-
ticular cartilage; this latter in its turn is fraught with 
higher viscose properties of the synovial fluid.

Undoubtedly, our results obtained at evaluation 
of the synovial fluid viscosity, despite the high in-
formativity, are preliminary, as they should be con-
firmed on autopsy material that be the goal of our 
future research. 
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