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of cows that have certain characteristics of effusions in 
the groups based on average ME values above and under 
the median value determined by descriptive statistics has 
been investigated. All statistical analyses were performed 
with Statistica (TIBCO Software Inc., USA) and Microsoft 
Office Excel 2007 (Microsoft Corporation, USA).

RESULTS
Descriptive statistic values based on average ME values 
and distribution of frequency for average ME values are 
presented in Table 1 and Fig. 2. 

Average ME values were between 5.6 and 34.62. Skewness 
and kurtosis indicate that average ME values had normal 
frequency distribution.

Average ME values were correlated with different labora-
tory findings of the effusions (Fig. 3-9, Table 2). Positive 
correlation was found between average ME values and 
concentrations of Tp and uric acid, specific weight, number 
of Er and percentage of Ne. Negative correlation was 
found between average ME values and concentration of 
Glc. There was found significant correlation between the 
number of Le and average ME which is corresponding 
to positive correlation. Another valuable indicator of  
the usability of average ME in evaluation of effusions is the 
difference between laboratory finding values of effusions 
in groups of cows above and under the median value. 
Results showed that there were higher concentrations of 
Tp and uric acid, higher specific weight, higher number 
of Le, higher percentage of Ne and lower concentration

of Glc in the group of cows with average 
ME values above the median value. A 
significant difference in number of Er 
between groups of cows above and under 
the median value was not found (Table 2).

The results in Table 3 show that there is 
a significant difference in the proportion 
of cows with certain characteristics of 
effusions in function of that whether 
the average ME values were high or 
low. In cows, in which higher average 
ME values were found, very viscous 
and viscous consistency, milky yellow 
colour, and poor transparency (blurry) of 
the effusions dominated and in a large 
proportion of the samples there was 
presence of bacteria. On the other hand, 
in cows with lower average ME values 
of ultrasound findings, serous, yellow 
colour, and cloudy or clear effusions 
dominated, and also absence of bacteria 
in a large portion of the samples.

DISCUSSION

Ultrasonography is an ideal, non-invasive 
diagnostic tool for the examination 
and evaluation of musculoskeletal dis-
orders and diseases such as arthritis, 
tenosynovitis, bursitis, hygromas and 
abscesses, because these diseases are 

Fig 2. Distribution of frequency for average ME values

Table 1. Descriptive statistic values based on average ME values

Variable
Descriptive Statistics

N Mean Median Min Max Lower 
Quartile

Upper 
Quartile Std. Dev. Skewness Kurtosis

Mean Echogenicity  (ME) 50 13.02 9 5.6 34.62 7 14 8.95 1.51 0.86

Fig 3. Linear correlation and regression between average mean echogenicity (ME) values and 
concentration of total proteins
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frequently associated with extensive 
soft tissue swelling and inflammatory 
exudation [1,2].

Ultrasonographic examination can povide
valuable information about the type, 
nature, and duration of some inflamma-
tory processes, and these information 
can be helpful in planning proper therapy 
protocols for mentioned diseases [1,2,9,10].

In recent studies [1,2,6-8,11], it was reported 
that evaluation of the echogenicity of 
effusions and flow phenomena in some 
musculoskeletal disorders and diseases, 
which ranges from anechoic to echoic, 
depend on the type and nature of its 
inflammatory content (serous, sero-
fibrinous, fibrinous, purulent). In the 
study with horses [12], the relationship 
between utrasonographic examination 
and the degree of effusion of the 
synovial cavity, the degree of synovial 
membrane thickening and the time of 
the beginning of inflammatory process 
was found. In the study with cows [10], it 
was reported that capsule echogenicity 
instead of capsule thickness is a more 
reliable ultrasonographic parameter for 
determination of the duration of the 
inflammatory process.

It has been also mentioned that ultra- 
sonography cannot definitely characterize 
the composition of the content and the 
type of effusion by itself. In that purpose, 
it was recommended to perform 
centesis of the inflammatory process 
and laboratory analysis of aspirated fluid 
samples [1,2,5-8].

In our study we investigated correlations 
between echogenicity of effusions on 
ultrasound images and laboratory finding 
values obtained from aspirated fluid 
samples. In order to investigate these 
correlations, we used medical image 
analyser and quantified echogenicity of 
effusions. Up to our knowledge, it could 
not be found that researchers quantified 
the echogenicity of effusions in their 
studies about musculoskeletal disorders 
in cattle such as arthritis, tenosynovitis, 
bursitis, hygromas and abscesses, and 
only descriptive methods were used for 
their evaluation.

Rohde et al.[13], defined some laboratory 

Fig 4. Linear correlation and regression between average mean echogenicity (ME) values and 
concentration of glucose

Fig 5. Linear correlation and regression between average mean echogenicity (ME) values and 
concentration of uric acid

Fig 6. Linear correlation and regression between average mean echogenicity (ME) values and 
percentage of Ne

Fig 7. Linear correlation and regression between average mean echogenicity (ME) values and 
number of Er
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parameters in their study, and gave some recommendations 
about their values in synovial fluid which distinguish 
infectious from non-infectious processes. These re-
commendations helped us to define which laboratory 
parameters we should use in our study.

In the study with horses [12], relations between ultra-
sonographic findings and white blood cell count have been 
described. The authors reported that ultrasonographic 
findings were not conditioned by white blood cell count. 

In conclusion, according to our results, evaluation of 
echogenicity of effusions and determination of ME values 
could be useful in the purpose of evaluation of musculo-

skeletal disorders and diseases in cattle 
which are associated with extensive 
soft tissue swelling and inflammatory 
exudation. It could be possible to 
correlate ME values with laboratory para-
meters such as concentrations of Tp and 
uric acid, specific weight and percentage 
of Ne. 

Our results could be used for confirmation 
of clinical cases of effusions in cattle and 
evaluation of therapy effects. That means 
that those patients with higher ME values 
could be in higher risks to have effusions 
with septic process in it, and according to 
that, it could define a therapy protocol, 
evaluation and prognosis of a diagnosed 
diseases.

In future studies, the limits of ME that 
allow detection of different types of 
effusions should be examined and 
validated.
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Table 2. Laboratory parameters of effusions in two groups classified as above or below median of average ME values

Parameter
Average ME Values

P
Above Median Below Median

Total protein (g/dL) 5.75±2.33 2.14±1.05 <0.000001

Glucose (mmol/L) 1.32±0.82 1.94±0.9 <0.05

Uric acid (µmol/L) 216.44±160.18 68.46±27.28 <0.00005

Leukocyte (109/L) 87.05±107.57 0.62±0.8 <0.0005

Neutrophils (%) 59.36±36.15 16.88±22.23 <0.00005

Erythrocyte (1012/L) 0.31±0.28 0.13±0.34 >0.05

Specific weight 1.03±0.01 1.02±0.006 <0.000005

Fig 8. Linear correlation and regression between average mean echogenicity (ME) values and 
specific weight

Fig 9. Correlation and regression between average mean echogenicity (ME) values and 
number of Le
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Table 3. Connection between average ME values and physical characteristic and presence of bacterial cell in effusions

Characteristics of 
Effusions Category

 Number of Cows According to Average ME Values
χ2 Test

Above the Median Value Under the Median Value

Viscosity 

very viscous 7 0

P<0.0005
viscous 7 1

sero-viscous 6 7

serous 5 17

Colour

milky yellow 9 0

P<0.005yellow 10 18

red 6 7

Clarity

blurry 16 4

P<0.005
blurred 7 10

slightly cloudy 2 3

clear 0 8

Presence of bacteria 
(Gram stain)

Presence of bacteria 16 3
P<0.0005 

Absence of bacteria 9 22


