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SIGNIFICANCE OF RESEARCH 

Since the 1960s, the use of biomaterials for the treatment and replacement of damaged 

organs or their parts has significantly expanded enabling the improvement in the quality of 

life and prolonging the life-span of patients.  

Today, over 40 different materials are used for implants of more than 40 body parts. 

The number of implantations amounts to 4 -5 million worldwide annually [116].  

The rise in the number of implants used in experimental clinical practice has increased 

the temporary or permanent direct contact with blood, thus demanding further investigation 

on the influence of new bio-material on blood cell parameters.  This type of research is 

vitally necessary will promote the development of bioimplant technology [74,112].  

The materials chosen in devices and equipment of implantation which directly interact 

with the biosystem are called biomaterial and they are often made of metal, ceramics, 

polymers or biocomposite materials [3, 14,101,102,114]. 

The biomaterial chosen for implants is determined by several and various factors, 

though the most essential is biocompatibility . Biomaterial is considered biocompatible if it 

is accepted by all the functions in the body and does not cause any problems. [114]. 

Biomaterial implanted into the body is either perpetually or temporarily in contact with 

a living organism's ecosystem, including the blood and affecting blood cells. The bioimplant 

performance may affect the organism, while the implant itself can cause inflammation of 

adjacent tissues and may be rejected [40, 75, 82,103] The total effect of biomaterial results in 

essential changes in tissues and cell composition within the body [17, 114]. 

Implantation always affects the adjacent tissues of the organism [26, 74,114]. 

Therefore biomaterial has a specific bioactivity [9, 10, 16, 86, 99]. This bioactivity can be 

both harmful to a living organism (clotting, the promotion of hemolysis, inflammation, etc.) 

and favourable (cases in the activation of osteogenesis – sediments of hydroxiapatitis on the 

surface of a titanium implant which improve the biological acceptance of the implant [13, 

14]. 

Nowdays with the great variety of bioimplants it becomes a topical issue to ascertain 

the response reaction of adjacent cells. 

Evaluation of the effect of biomaterials is based on in vivo and in vitro experiments to 

determine the general impact of biomaterial on the biosystem [20, 116]. The biosystem's 

response reaction to the bioimplant is investigated using different tests which, depending on 

the aim of implantation, primarily examine the most important biocompatibility issues in 

connection with life-threatening conditions for the patient [12, 20, 24, 52, 53, 56, 62, 70]. For 
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example, the main question in evaluating the effect of blood vessel implants is the 

development of clots and hemolysis.  In cases when an implant is in direct contact with blood 

within blood vessels themselves, investigation methods are divided into three types [11, 

26,112]: in vitro static method; ex vivo dynamic method; in vivo dynamic method. 

  In turn, there is no any investigation method providing estimation of bioimplants in 

vitro in dynamics. The in vitro dynamic method provides a wider spectrum of obtained blood 

parameters over a shorter period of time which is less expensive.  

The moment the bioimplant comes in contact with blood within the body, a 

biocompatibility reaction occurs. When blood protein is absorbed on the surface of the 

bioimplant, it reaches its maximum during 60-120 minutes of incubation [5, 112]. Such 

research data has been published regarding blood protein absorbtion on bioimplants [45, 49, 

66, 77, 114, 116] however, the effect of bioimplants and the changes in blood cell 

haemotological parameters in dynamics have not been evaluated. The absence of such data 

complicates the evaluation of early biocompatilibity . 

 Taking into consideration the aforementioned, the results of the promotion thesis 

devoted to the development of the dynamic testing method used to evaluate the effect of 

bioimplants on blood cell haemotological parameters is topical and will enable the 

assessment of bioimplant early biocompatibility . 

  
GOALS AND OBJCTIVES OF THE PAPER  

 

The aim of the study: 

1) The purpose of the study was to develop an in vitro dynamic testing method for 

evaluation of the bioimplant impact on hematological parameters of the peripheral 

blood cells. 

The study tasks: 

1) To elaborate methodology for this experimental study. 

2) To choose biomplant specimens. 

3) To select and prepare blood specimens. 

4) To choose a hematology analyzer and the method of application.  

5) To detect the repeatibility of experimental variables. 

6) To perform in vitro experiments aimed at detecting blood cell hematological 

parameters after blood/biomplant contact and reveal their changes in dynamics. 

7) To perform data processing, analysis of variables and statistical comparisons. 



 7 

 
SCIENTIFIC NOVELTY AND MAIN RESULTS OF THE RESEARCH  

 

1) “Dynamic testing method in vitro for evaluation of the bioimplant impact on 

hematological parameters of the peripheral blood cells” has been developed. 

2) Statistically significant changes in hematological parameters of different blood cells 

are stated to occur already within an hour after collecting blood specimens. 

3) It is stated that patient blood individual differences affect the experimental variables, 

blood “aging” process (time factor) and, besides, these differences influence the 

blood cell reaction to bioimplant (bioimplant factor) .  

4) It is revealed how to avoid the impact of blood individual differences:  

• by testing both “experimental” and “reference” specimens simultaneously and by 

collecting blood specimens of the control group from the same persons as the 

“experimental” specimens. 

• by using the changes in blood cell hematological parameters from baseline values 

for evaluation of the study results.  

 

PRACTICAL   APPLICATION 

 

The proposed method can be used for: 

1) Testing bioimplants of different materials; 

2) Assessing changes in blood parameters (from the baseline values) occuring over the 

time of exposure to bioimplants  in dynamics (several consecutive times within an 

hour); 

3) Evaluating the bioimplant impact on blood cells in venous blood specimens with the 

baseline variables different from reference values;  

4) Detecting the optimal number of investigations to evaluate the bioimplant impact on 

hematological parameters. 

 

IN THIS PAPER AUTHOR DEFENDS 

 
Developed dynamic in vitro testing method that will allow to assess the implant’s 

effects on the body's response on blood cells and hematological parameters level and will 

enable to assess the early biocompatibility of bioimplant and tissue; 
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PAPER APPROBATION 

 

1) The assessment of the quality of bioimplant material was performed within the 

framework of the European project PERCERAMICS;  

2) The method was used in two research studies at Pauls Stradins Health and Social 

Care College: 

• „The adhesive properties of blood cells”; 

• „The analytical method for evaluation of the affect of titanium and 

hydroxyapatite ceramic layer”.  

The results of the promotion thesis were used in teaching programmes at: 

1) „Pauls Stradins Health and Social Care College”: hematology, coagulogy. 

2) Clinical and Diagnostic laboratory Ltd. „BALT INFO LAB”: advanced training for 

laboratory staff and biomedical lab technician.  

3) The results were used in five Diploma papers and Thesis for Master’s degree. 

The results of the promotion thesis are presented: 

  In 15 publications (7 articles, 8 konference thesis) and at 7 International conferences 

and at 10 scientific seminars (RTU BINI: 6; Pauls Stradins Medical College, University of 

Latvia: 2; Eksperimental and Clinical Medical Institute: 1; Red Cross Medical College: 1).  

Experimental sites: 

1) Riga Technical University, BIN Institute 

2) The Research Institute of Cardiology, University of Latvia (Ethics Committee of the 

Research Institute of Cardiology, University of Latvia for Clinical and Physiological 

Research, and Drug and Pharmaceutical Product Clinical Investigation 

3) Institute of Experimental and Clinical Research 

4) Pauls Stradins Medical College, University of Latvia 

5) Red Cross Medical College 

6) Clinical and Diagnostic laboratory Ltd. „BALT INFO LAB” (Certificate No.L-216) 

where 

254 venous blood samples were collected. 1280 tests of the peripheral blood were 

performed and 19200 hematological parameters were studied using these samples. 
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The bibliography of 120 titles.  
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RESEARCH METHOD AND MATERIALS  

 

Research method 

 

 The study was performed at a Clinical and Diagnostic Laboratory, and approved by 

Ethics Committee of the Research Institute of Cardiology, University of Latvia for Clinical 

and Physiological Research, and Drug and Pharmaceutical Product Clinical Investigation 

(Protocol No.9, the Meeting of the Ethics Committee, October 6, 2010).     

 The experimental design of the study was directed towards evaluating the biomaterial 

impact on blood cell hematological parameters in vitro blood tests.  In total, 254 venous 

blood samples [53] were taken from volunteers (aged 18 to 70 years). Blood samples 

remained anonymous and were used in 1280 tests, and 19200 measurements of blood 

hematological parameters were obtained. 

 Venous blood samples were storaged in Vacutainer tubes (Becton-Dickson) with 

anticoagulant K2EDTA. Each sample contains 3 ml of blood. Samples of blood between the 

tests were stored at room temperature (+18o to +22o C) and tests were performed within an 

hour by an ABX Micros OT hematology analyzer.      

 The analysis was performed at a certified Clinical and Diagnostic Laboratory, Ltd. 

„BALT INFO LAB”. Fifteen  blood hematological parameters conventionally used in clinical 

practice were tested including the count of red blood cells, values of mean red cell volume, 

red cell distribution width, blood hemoglobin level, mean hemoglobin level in red blood 

cells, mean cell hemoglobin concentration in red blood cells, hematocrit, the count of 

platelet, mean platelet volume, platelet distribution width, plateletcrit, the count of white 

blood cells and the % proportion of white blood cells – granulocytes, monocytes, 

lymphocytes [1, 31, 34, 35, 36, 39, 40, 43,50,61,63, 84, 85, 93, 96, 98, 108, 111] .   

 Each of specimens was divided into two parts: reference and experimental samples. 

The implants were positioned into experimental sample (the ration of bioimplant/blood 

volume was 1:10). Both experimental and reference samples were tested for several 

consecutive times in dynamics (the baseline measurement – 0, and four times within an hour: 

at 10th, 20th, 40th and 60th minutes after start of the experiment).  

The factors influencing study results [57, 59] were excluded during the development 

of the bioimplant [2, 4, 5, 7, 8, 11, 13, 15, 21, 22, 27, 29, 30, 33, 41, 42, 44] testing method: 
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1. Subjective factor of pre-analytical study phase was excluded using the regulation of 

blood collecting, storage and preparation; 

2. Factors related to analytical phases [13, 28] were stabilized using automated precise 

thechnology. Errors were evaluated by experimental repeatibility [28, 105];  

3. Study factors: blood „aging” in vitro and patient blood individual diferences were 

analysed investigating referent specimens [25, 30, 60, 69, 73, 74, 76, 100]. 

 

Bioimplant material and model 

 

 The bioimplant material for testing was chosen taking into consideration the 

increasingly growing number of transplantation cases. The bioimplant model [110] chosen 

for this study was the titanium fusion Ti6Al4V, which was deposited with hydroxyapatite 

[16, 19, 23, 46, 55, 65, 80, 115, 116.]. The Ti 2mm thick plates (1x2 cm2) were cut off 

titanuim tape which was received in the framework of the European project 

PERCERAMICS.  

Statistical treatment of results 

 

The following statistical parameters were used [6]: Mean value )(x ; Standard 

deviation (SD); Standard error of mean   (SEM); Confidence interval (CI). 

Statistical evaluations of results were performed using: analysis of data 

repeatability, one-way analysis of variance, two-way analysis of variance, linear 

correlation. 

Statistical comparison of results of reference and experimental blood specimen 

treatment was done (95% significance). 

 

 Evaluation of Repeatability 

 

Venous blood sample which was tested 14 times within an hour by a definite ABX 

Micros OT hematology analyser was used in the experiment. The repeatability was 

calculated from the data obtained [28, 105].       

  Blood sample was colleted from the same person, thus, patient blood 

individual differences were excluded. Time interval between the measurement cycles were 4 

minutes and blood „aging” in vitro during a measurement cycle was non significant. 
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Study regulations were strictly observed keeping permanent room temperature (+18 ... 

+22° C), a study-tube stirring regimen and speed (8 turnovers/ 8 seconds). Conditions of 

analytical process during the experiment were constant: the same evaluation methods, 

callibrators, reference materials and reagents.   

The differences in blood sample parameters under these conditions were detected 

during a short time interval (4 min). Taken into consideration the calculated parameter SDa, 

the errors of experiment were within the limits of analyzer manual [28] and they were non 

significant, therefore the method allows to state even minimal changes of blood parameters.   

As the variations of blood parameter repeatability during the 4 minute interval was 

conciderably lower than values of blood parameters, the 4 minute measurements were 

accepted.  Thus, for testing the effect of bioimplant the following intervals: 10, 20, 40 and 60 

minutes were chosen.  

  

The influence of time factor  

 

To evaluate the effect of bioimplant on blood cells, it was necessary to form a reference 

group (for comparison). For this purpose, 111 venous blood samples were collected using 

Vacutainer tubes with K2EDTA. Blood samples were tested two times with one hour interval 

according to the experimental method developed. The referent database (DB.RP) was 

created. 

The effect of time factor on fifteen blood parameters, Fisher criteria („K”) was 

calculated applying one-way analysis of variance (ANOVA).   

Time factor has a statistically significant influence on the blood parameter differences 

[51, 72, 77, 81, 87, 88, 89,90, 92, 97, 104, 106, 107, 109, 113, 118,119]  (DIF.RBC, 

DIF.HGB, DIF.HCT, DIF.MCV, DIF.RDW, DIF.MPV, DIF.PDW) indicating essential 

changes in the values during one hour after blood sample collecting and storaging at room 

temperature  (+18 ... +22 ° C).   

 

Prevention of individual influence of blood samples 

 

To judge about the changes in individual blood parameters (from baseline values), the 

differences in blood sample parameters [DIF] were analysed by the means of histograms. 

They are shown in Fig. 1 – 3: DIF.RBC, DIF.PLT and DIF.WBC, as an example. Two 



 13 

vertical lines in histograms represent Standard deviation limits (SDa) of blood parameter 

repeatability.  

Dispersion of blood parameters was compared with Standard deviation (SDa). The 

analysis of hystograms (Fig. 1-3.) reveal the fact that blood parameter variations are not 

related to errors during testing process in the analyzer. 

To obtain additional arguments for the fact that results obtained are not due to testing 

errors, linear correlation coefficients between the changes in the count of three blood cell 

types were calculated (Table 1.). The correlation proves to be statistically significant. This 

indicates that changes were related to blood cells per se, because the processing of them was 

methologically independent. 
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Fig.1. DIF.RBC histogram 

 

 

 

 

 

 

 

 

Fig.2. DIF.PLT histogram  
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Fig. 3. DIF.WBC histogram 

 

Table 1. 

Correlation between the changes in three blood parameters 

                         

Differences in blood 

parameters [DIF] 

Ststistical 

values 

DIF.RBC 

[10 12/l] 

DIF.PLT 

[10 9/l] 

DIF.WBC 

[10 9/l] 

DIF.RBC [10 12/l] r 1 0,248(**) 0,319(**) 

  p-value . 0,009 0,001 

  N 111 111 111 

DIF.PLT [10 9/l] r 0,248(**) 1 0,361(**) 

  p-value ,009 . 0,000 

  N 111 111 111 

DIF.WBC [10 9/l] r 0,319(**) 0,361(**) 1 

  p-value 0,001 0,000 . 

  N 111 111 111 

                        ** Correlation is statistically significant  (p < 0.01). 

Close positive correlation (p < 0.01) between the difference in the count of  red and white 

blood cells (DIF.RBC un DIF.WBC), red blood cells and platelet (DIF.RBC un DIF.PLT) as 

well as white blood cells and platelet (DIF.WBC un DIF.PLT) was found (Table 1). This 

proves that consistent changes in blood parameters can be evoked by storaging samples for 

an hour in vitro at a room temperature independendly of methodological approach but they 

were related to blood sample individual characteristics.   

To prevent the influence of blood sample individual characteristics on bioimplant 

effect, testing of experimental and referent blood samples has to be performed 

simultaneously.  Control group samples have to be collected from the same person blood. In 

addition, the analysis of changes in blood parameters from the baseline values has to be 

performed.  The baseline values (blood parameter individual diferences) are taken to be zero 

allowing to eliminate the effect of individual diferences.   



 15 

THE EFFECT OF BIOIMPLANT MODEL ON BLOOD CELL 

PARAMETERS   

Titanium implant deposited with hydroxyapatite  

 

Venous blood samples of 70 volunteers (males and females) were collected in 

Vacutainer tubes with K2EDTA and investigated according to the aforementioned 

experimental method and equipment and 15 blood parameters were detected. 

The initial test values were marked with an index „0”. For example, RBC0 is the count 

of red blood cells at the baseline measurement. After gentle stirring of Vacutainer tubes, 

collected specimens were divided into two parts. One portion represents an experimental 

blood specimen (EP) where the bioimplant is positioned, but the other portion remains as a 

reference (control) specimen (RP) 

Blood samples were stored at a room temperature for 10 minutes and then 15 

hematological parameters were detected for both groups, namely, reference and experimental 

specimens. Now the measurements got test index „10” (RBC10, WBC10, HGB10 utt.). Blood 

parameter testing were similarly performed after 20, 40 and 60 minutes of incubation/storage 

periods and marked with indexes, respectively,  „20”, „40”, „60”. The measurements 

obtained served as a database (DB.TEST). 

Mean values for each blood parameter at every test and for both reference and 

expererimental samples were calculated with confidence interval 95%. 

Time-dependent increase for each blood parameter was calculated by comparing the 

obtained parameters with baseline values. This difference („DIF”) was found out by 

subtracting test measurements from the baseline value, for example, an increase in the count 

of red blood cell DIF.RBC10 = RBC10 – RBC0, i.e., the count of red blood cells 10 minutes 

after the initial measurement (RBC10)  is subtracted from the baseline count of red cells 

(RBC0). The differences in other measurements were calculated likewise:   

DIF.RBC20 = RBC 20 – RBC 0 

DIF.RBC 40 = RBC 40 – RBC 0 

DIF.RBC 60 = RBC 60 – RBC 0 

In this case DIF.RBC 0 = RBC0 – RBC0 = 0. Differences were calculated for all 15 

blood parameters. Two factors were found to be involved into the changes of blood 

parameters —time factor and bioimplant factor . Therefore, two-way analysis of variance 

was used for absolute parameter values as well as for differences in parameter measurements 
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as dependent variables, and „time”  („K” factor) and „bioimplant”  („B” factor) factors 

served as independent values in both calculations.  

Testing time („K” factor) according to study design was divided into classes and each 

class possesses its value which equals to the time interval between the test measurement time 

and the initial test time (the initial value „0”) of the collected specimens from each person: 

 „10” – the measurement performed 10 minutes after the start of the experiment;  

„20” – the measurement performed 20 minutes after the start of the experiment; 

„40” – the measurement performed 40 minutes after the start of the experiment;    

„60” – the measurement performed 60 minutes after the start of the experiment.  

Bioimplant  („B” factor) has two levels: „0” – referent blood sample, „1” – 

experimental blood sample with the bioimplant plate. 

Table 2. 

Effect of time factor (K) and bioimplant factor (B) on changes in blood parameters.  

Two-way analysis of variance for DIF 

 “K” factor “B” factor 
DIF 

n  F p  F p 

DIF.RBC 700  3,05 0,016  6,72 0,010 

DIF.HGB 700  3,3 0,010  6,5 0,011 

DIF.HCT 700  1,48 0,206  4,27 0,039 

DIF.MCV 700  1,46 0,212  3,02 0,083 

DIF.MCH 700  2,45 0,044  0,041 0,840 

DIF.MCHC 700  2,396 0,049  0,250 0,617 

DIF.RDW 700  11,9 0,000  0,048 0,827 

DIF.PLT 700  0,41 0,800  12,9 0,000 

DIF.PCT 700  2,3 0,054  6,9 0,009 

DIF.MPV 700  11,2 0,000  0,526 0,469 

DIF.PDW 700  0,62 0,648  0,26 0,611 

DIF.WBC 700  0,7 0,557  0,10 0,752 

DIF.LY 698  15,2 0,000  14,5 0,000 

DIF.MON 698  20,3 0,000  20,6 0,000 

DIF.GRA 698  7,843 0,000  4,643 0,032 

 

The results obtained by two-way analysis of variance of absolute values of blood 

parameters indicate non significant changes (p > 0.05) referring both to time factor and 

bioimplant factor. Whereas two-way analysis of variance for differences in blood parameters 

(DIF) reveals statistically significant effect of both factors (time factor and bioimplant 

factor) on several blood parameters (Table 2).  For example, Fig. 4 -11 illustrate dynamics of 
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blood parameter DIF in EP and RP specimens during the study period of an hour. Standard 

error of mean (SEM) was calculated for each blood sample DIF taking into consideration 5 

test measurements of EP and RP blood samples separately. The SEM obtained was doubled 

(according to mathematical standard of error summing) and depicted in Figures:  
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Fig.4. The changes of red blood cell difference (DIF) in RP and EP blood samples 
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           Fig.5.The changes of difference of hemoglobin level (DIF) in RP and EP blood samples   
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Fig.6.The changes of difference (DIF) of HCT values in RP and EP blood samples 
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Fig.7. The changes of difference (DIF) of the count of platelet in  RP and EP blood samples  
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Fig.8.The changes of difference (DIF) of PCT values in RP and EP blood samples 
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Fig. 9.The changes of difference (DIF) of lymfocyte % in RP and EP blood samples 

-2,00

-1,60

-1,20

-0,80

-0,40

0,00

0,40

0 10 20 30 40 50 60 70

L a iks  (m in)

RP E P

 

Fig.10. The changes of diference (DIF) of monocyte % in RP and EP blood samples 
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Fig.11.The changes of difference (DIF) of granulocyte % in RP and EP blood samples 

Evaluating the difference in blood parameters (DIF) in EP and RP blood samples, it 

could be concluded that just this difference in EP and RP samples demonstrantes the 

substantial effect of the bioimplant (Ti-HAP) on blood parameters: DIF.RBC (p <0.010), 

DIF.HGB (p <0.011), DIF.HCT (p <0.039), DIF.PLT (p <0.001), DIF PCT (p <0.009), 

DIF.LY (p <0.001), DIF.MON (p <0.001) and DIF.GRA (p <0.032). 

The changes in the count of platelet were significantly different in reference and 

experimental samples. This indicates they were evoked by the bioimplant (Ti-HAP) and 

could occur due to disaggregation process of platelets or the bioimplant evoked platelet 

antiaggregation, or because of partly degenerated red blood cells (3-4 times the size of 

platelets), and these small particles were counted as platelets by analyzer.  This process could 

be related to blood cell/hydroxyapatite contact because hydroxyapatite is known as bioactive 

[16].  
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There were observed pronounced changes in the count of red blood cells. Judging by 

two-way analysis of variance, the count of DIF.RBC is time-dependent both in experimental 

and reference specimens. But the increase in the count of red blood cells depends on blood 

cell contact with the bioimplant which delays this process: bioimplant factor has statistically 

significant effect (p < 0.010). 

The data observed coincide with the results obtained during the study where the 

stiffness of red blood cell membrane was measured by a atomic force microscopy [71]. The 

results of this investigation testify that red cell membrane became „harder” if Ti-HAP plate 

was positioned into the blood sample. This shows that red blood cell membrane is treated 

by the contact with the bioimplant.   

White blood cells (the greater in size among blood cells) seem to be inert against time 

(p = 0,557 > 0.05) and bioimplant factors (p = 0,752 > 0.05). The changes in white blood 

cell subpopulation % were time-dependent (time factor p < 0.001 for DIF.LY, DIF.GRA and 

DIF.MON). The increase in the count of smaller white blood cell — DIF.LY was followed by 

the decrease in the count of white blood cell of bigger size (DIF.GRA and DIF.MON 

subpopulations). This agrees with the literature data [76]. This process is substantially 

affected by blood cell/bioimplant contact (bioimplant factor p < 0.001 for DIF.LY and 

DIF.MON, and p < 0.032 for DIF.GRA).  

The decrease of monocyte size up to lymfocyte size results in changes in automated 

recognizing and classification of blood cells. This can be explained by blood cell recruitment 

in subpopulation group of smaller white blood cells. Dynamic changes in lymphocytes and 

monocytes of white blood cell subpopulation are closely related to time factor (p < 0.001) 

but their intensity is modulated by the presence of the bioimplant (p < 0.001).  

 

 Verification of testing times depending on the number of tests 

  

70 blood samples were tested 5 times within an hour and 15 blood parameters were 

detected. Analysis of variance was used to evaluate the effect of time factor („K” factors) 

and bioimplant factor („B” factor) and p-values were calculated (Table 3). The analysis of 

variance was repeated 4 times in different combination of blood testing times. There were 

used the following combinations of testing time intervals: 

1) Combination of two tests (baseline test and 60 minutes after the start of the experiment);   
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2) Combination of three tests (baseline test and 40 and 60 minutes after the start of the 

experiment);   

3) Combination of four tests  (baseline test and 20,  40 and 60 minutes after the start of 

the experiment);   

4) Combination of five tests (baseline test and 10, 20,  40 and 60 minutes after the start 

of the experiment);   

The results of a 2-test combination performed with an interval of an hour show 

greater 

 difference between blood parameters of referent and experimental groups (in contrast to a 5-

test combination). This could be explained by a maximum time of exposure of the bioimplant 

to blood whereas the test number is the lowest. 

In case with a 5-test combination, the test number is the highest for statistical analysis 

while the difference between the test results is the smallest because of the short intervals 

betwen the tests (the time diference is shorter). P-values obtained using two-way analysis of 

variance characterizing time factor („K” factor) and bioimplant factor  („B” factor) show 

the essential effect of these factors on 15 parameters.  

This is reflected in table 3. If p < 0.05, the effect of the factor is considered as 

significant.  The factor effect increases with the decrease in significance (p-value). At p >  

0.05 , the factor effect was not found. 

Table 3 reveals p-values calculated using two-way analysis of variance and 

characterising the difference in blood parameters. It is shown that p-value characterising the 

bioimplant effect is the lowest at a 5-time testing and the highest at a 2-time testing (an hour 

interval between the tests). P-value is the lowest for time factor in case the analysis includes 

a 2-time test: the results of the baseline test and values obtained at the end of the experiment 

(after 60 minutes). 

The most precise results of the bioimplant effect can be obtained by a 5-time test, 

whereas two-way analysis of variance for a 2-time test (interval 60 minutes) gives the best 

picture of time factor effect on blood parameters. 

The results of two-way analysis of variance allow to conclude that combinations with 

different testing time intervals do not exhibit similar sentivity against time factor and 

bioimplant factor . 
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                                                                                                                                    Table  3.   

Time („K”)  and bioimplant („B”) factor effect on blood parameters of Ti:HAP and control blood 

samples at different combinations of testing time intervals. Two-way analysis of variance for DIF. 

Combinations of different testing time intervals   

(p-values of independent variable)  Blood parameters 

(dependent 

variable) 

Test factors 

(independent 

variable) 
0. and 60. 

min. tests 

0., 40. and 

60. min. 

tests 

0., 20., 40. 

and 60. 

min. tests 

0., 10., 20., 

40. and 60. 

min. tests 

„K” factor 0.001 0.001 0.006 0.016 
DIF.RBC [10 12/l] 

„B” factor 0.049 0.030 0.016 0.010 

„K” factor 0.008 0.018 0.007 0.010 
DIF.HGB [g/l] 

„B” factor 0.297 0.159 0.023 0.011 

„K” factor 0,013 0,062 0,160 0,206 
DIF.HCT [%] 

„B” factor 0,187 0,077 0,058 0,039 

„K” factor 0,003 0,028 0,109 0,212 
DIF.MCV [µm3] 

„B” factor 0,244 0,115 0,106 0,083 

„K” factor 0,182 0,432 0,019 0,044 
DIF.MCH [pg] 

„B” factor 0,260 0,439 0,866 0,840 

„K” factor 0,942 0,982 0,019 0,049 
DIF.MCHC [g/dl] 

„B” factor 0,346 0,790 0,673 0,617 

„K” factor 0,001 0,001 0,001 0,001 
DIF.RDW [%] 

„B” factor 0,848 0,870 0,849 0,827 

„K” factor 0,937 0,506 0,727 0,800 
DIF.PLT [10 9/l] 

„B” factor 0,511 0,057 0,017 0,001 

„K” factor 0,006 0,012 0,029 0,054 
DIF.PCT [%] 

„B” factor 0,915 0,285 0,147 0,009 

„K” factor 0,001 0,001 0,001 0,001 
DIF.MPV [µm3] 

„B” factor 0,143 0,276 0,198 0,469 

„K” factor 0,296 0,606 0,704 0,648 
DIF.PDW [%] 

„B” factor 0,191 0,446 0,359 0,611 

„K” factor 0,376 0,475 0,697 0,557 
DIF.WBC [10 9/l] 

„B” factor 0,670 0,942 0,836 0,752 

„K” factor 0,001 0,001 0,001 0,001 
DIF.LY [%] 

„B” factor 0,010 0,001 0,001 0,001 

„K” factor 0,001 0,001 0,001 0,001 
DIF.MON [%] 

„B” factor 0,001 0,001 0,001 0,001 

„K” factor 0,001 0,001 0,001 0,001 
DIF.GRA [%] 

„B” factor 0,105 0,070 0,090 0,032 
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The effect of the bioimplant on blood with lowered hemoglobin level  

 In the previous chapters of the thesis it was stated that changes occur in hematological 

parameters if blood samples are stored for an hour in vitro at room temperature. Blood cells 

react differently if blood cells are in contact with bioimplant.  

                                                                                                                                 Table 4.   

Significant differences in blood sample parameters between Ti:HAP („ B” factor) and control 

treatments in blood with lowered HGB level (HGB ≤ 12.5 g/dl). Analysis of variance for DIF of 15 

blood parameters  at a 5-time testing.  

Blood parameters 

(dependent variable) 

Test factors  

 (independent variables) 

p-values of independent 

factor variables 

DIF.RBC [ ·10 12/l] „B” factor 0,053 

DIF.HGB [g/l] „B” factor 0,048 

DIF.HCT [%] „B” factor 0,090 

DIF.MCV [µm3] „B” factor 0,540 

DIF.MCH [pg] „B” factor 0,629 

DIF.MCHC [g/dl] „B” factor 0,784 

DIF.RDW [%] „B” factor 0,357 

DIF.PLT [ ·10 9/l] „B” factor 0,020 

DIF.PCT [%] „B” factor 0,029 

DIF.MPV [µm3] „B” factor 0,154 

DIF.PDW [%] „B” factor 0,070 

DIF.WBC [·10 9/l] „B” factor 0,524 

DIF.LY [%] „B” factor 0,020 

DIF.MON [%] „B” factor 0,008 

DIF.GRA [%] „B” factor 0,283 

 

It could by suggest that blood with parameters different from referent values could 

contain blood cells with altered membrane penetrability affecting the response to the implant. 

To ascertain this assumption, evaluation of the changes in blood parameters were performed 

in dynamics in vitro in blood sample with lowered hemoglobin level.  

A group of blood samples (20 specimens) from patients with frequent pathology 

(lowered hemoglobin level ≤ 12.5 g/dl) was tested. According to the developed dynamic 

testing method, 15 blood parameters were measured at the start and then at 5 consecutive 

times during the experiment in agreement with the study design.  
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         Each blood sample was devided into two portions: referent and experimental portion. 

Titanuim specimens deposited with hydroxyapatite were positioned into experimental blood 

samples. All blood samples were tested at the 10th, 20th, 40th and 60th minute after the start of 

the experiment. For statistical comparisons two-factor analysis of variance was used. 

Table 4 shows p-values of bioimplant factor  in the group of blood samples with 

lowered hemoglobin level being in contact with Ti:HAP plate.  

1.  There were observed a statistically significant response to the bioimplant in blood 

samples with lowered hemoglobin level being in contact with Ti-HAP:  DIF.RBC (p = 

0.053), `DIF.HGB (p = 0.048), DIF.HCT (p = 0.090), DIF.PLT (p = 0.020), DIF.PCT (p = 

0.029), DIF.LY (p = 0.020) un DIF.MON (p = 0.008). 

2. The developed dynamic testing method in vitro was stated to be used as a useful tool 

for evaluation of the effect of the bioimplant not only in normal blood samples but also in 

blood samples with hematological parameters different from referent values. 

 

Titanium implant 

Blood sample group (16 blood specimens) was used to test the effect of the titanium 

implant (HAP-free) on blood parameters. According to the developed dynamic testing 

method, 15 blood parameters were measured at the start of the experiment.  

Each blood sample was devided into two portions: reference and experimental samples. 

The titanium plate was positioned into experimental blood samples. All blood samples were 

tested 10, 20, 40 and 60 minutes after the start of the experiment. For statistical comparisons 

one-way analysis of variance (ANOVA) was used.  

Substantial effect of bioimplant (Table 5) is found in values of red blood cell 

parameters – DIF.HGB (p< 0,021), DIF.HCT (p < 0,053), DIF.MCV (p < 0,003) and 

DIF.MCH (p < 0,029).  

The fact that the titanium bioimplant exhibits pronounced effect only on the parameters 

of red blood cells is in accordance with literature data confirming the titanium bioimplant 

possesses lower bioactivity in comparison with the titanium deposited with hydroxyalatite. 

The results obtained during the study testify that the dynamic testing method developed 

for evaluation of blood cell parameters in vitro  can be used for testing different bioimplants.  
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    Table 5. 

Comparison of RP and EP samples (HAP- free)  

One-way analysis of variance 

Blood parameters  n 

Fisher 

statistic 

Significance 

 (p-value) 

DIF.RBC [10 12/l]  158 2,375 0,125 

DIF.HGB [g/l]  158 5,406 0,021 

DIF.HCT [%]  158 3,799 0,053 

DIF.MCV [µm3] 158 9,200 0,003 

DIF.MCH [pg] 158 4,829 0,029 

DIF.MCHC [g/dl] 158 0,739 0,391 

DIF.RDW [%] 158 0,136 0,713 

DIF.PLT [10 9/l]  158 0,018 0,895 

DIF.PCT [%] 158 0,001 0,971 

DIF.MPV [µm3] 158 0,366 0,546 

DIF.PDW [%] 158 0,135 0,713 

DIF.WBC [10 9/l]  158 0,069 0,792 

DIF.LY [%] 158 3,556 0,061 

DIF.MON [%] 158 1,756 0,187 

DIF.GRA [%] 158 1,533 0,218 

 

Dynamic testing method  
 

The influence of different bioimplants on blood parameters was evaluated in in vitro 

experiments and procedure of dynamic testing method was developed.   
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CONCLUSIONS 

1. „Dynamic testing method for evaluation of bioimplant effect on hemotological 

parametrs” has been developed.  

• According to the developed testing method  254  venous blood  specimens  were  

collected. Peripheral blood tests (1280) were performed using these samples and 19200 

hematological parameters were investigated. Fifteen blood parameters were detected in each 

blood sample. Measurements were significant at p < 0.05. 

• It was stated that to exclude the influence of blood individual differences on blood 

hematological parameters investigating the bioimplant effect, referent and experimental 

specimen groups should be formed. Moreover, blood samples of the control group should be 

taken from the same persons as the experimental samples and tested simultaneously. 

• It was detected that blood hematological parameters should be controlled by 

differences in  blood characteristics  from baseline values.  

• It was clarified that statistically significant changes in various blood parameters 

already occur within the first hour after blood collecting. This means that the optimal length 

of the experiment should be an hour with at least 5 consecutive measurements for 15 blood 

parameters providing adequate number of measurements for statistical analysis alongside the 

bioimplant contact with blood should be at maximum duration.  

2. The method was found to be used for evaluation of the effect of different material 

implants.  For example, the Ti-HAP implant affects the following blood parameters: RBC, 

HGB, HCT, PLT, PCT, LY , MON and GRA, but the titanium implant affect: HGB, HCT, 

MCV, MCH.  

3.  It was stated that the method can be used for evaluation of early bioimplant 

biocompatibility in vitro not only for samples with normal blood parameters but also for 

samples with blood parameter values different from reference level used in clinical practice. 

For example, the effect of the bioimplant on blood samples with low hemoglobin level was 

found to evoke changes in the following blood parameters:   RBC, HGB, HCT, PLT, PCT, 

LY  and MON. 

4.  The Ti-HAP bioimplant provokes platelet antiaggregation and protects red blood 

cells.  Under the effect of the bioimplant % division of white blood cell subpopulation in 

vitro within an hour was found to change significanly (p < 0.05).   
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Abbreviations and symbols 

DIF. RBC Difference in red blood cell count from baseline value   

DIF. WBC Difference in white blood cell count from baseline value  

DIF. LY Difference in Lymphocyte count from baseline value 

DIF.GRA Difference in Granulocyte count from baseline value 

DIF.MON Difference in Monocyte count from baseline value 

EDTA Ethylenediaminetetraacetic acid 

F Fisher statistic  

fl Femtolitre (volume measurement, 1fl = 10-15 l)  

GRA% Granulocyte (%) 

GRA# Granulocytes (absolute count, 10 9/l) 

HAP Hydroxyapatite 

HCT Hematocrit  (%) 

HGB             Hemoglobin (g/l)    

MCH Mean red cell hemoglobin level (pg-pikograms)  

MCHC        Mean red blood cell hemoglobin concentration (g/dl) 

MPV Mean platelet volume (µm3) 

LY% Lymphocyte (%) 

LY# Absolute number of lymphocytes (109/l) 

MON% Monocyte (%) 

MON# Monocytes (absolute count, 109/l) 

p Statistical significance level  

PDW Platelet distribution width (%) 

PCT Plateletcrit (%) 

PTL             Platelets  (10 9/l) 

RBC             Red blood cells (10 12/l) 

RDW Red cell distribution width (%) 

SD Standard deviation  

WBC White blood cells (109/l)  
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