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Venous thromboembolism is one of the serious complications that 
occurs after total hip arthroplasty (THA). Among the risk factors 
may be the presence of disorders of hemostasis and fibrinolysis in 
patients before surgical intervention. The aim of study to identify 
the influence of hip osteoarthritis  III–IV stages on the hemostasis 
of patients before performing THA. Methods. A prospective study 
was conducted with the participation of 60 patients with  hip ostheo-
arthritis III–IV stages and 30 healthy volunteers (control group). 
Blood and urine samples were obtained from all participants (in 
patients — one day before THA). Prothrombin time (PT), activated 
partial thromboplastin time (APTT), fibrinogen, fibrinolytic activity 
(FA), soluble fibrin monomer complexes (SFMCs), glycoproteins, 
sialic acids, chondroitin sulfates (CS), acid and alkaline phos-
phatases, β lipoproteins were determined in the blood; in urine — 
oxyproline, uronic acids, Ca and P. The Pearson correlation co-
efficient (r) was calculated to determine the relationship between 
markers of hemostasis and connective tissue metabolism. Results. 
Compared with the control group, the level of alkaline phosphatase 
in the blood of patients with hip ostheoarthritis level of glycopro-
teins (r = 0.97; p < 0.05), cholesterol (r = 0.91; p < 0.05); the level 
of SFMCs was correlated with the level of glycoproteins (r = 0.99; 
p < 0.05), CS (r = 0.94; p < 0.05). Conclusions. In patients with hip 
ostheoarthritis III-IV stages the levels of connective tissue markers 
(glycoproteins, CS) correlate with the levels of hemostasis markers 
(fibrinogen, SFMCs). This is of clinical significance for the timely 
prevention of the development of thromboembolic complications in 
patients to whom THA is recommended. Key words. Hip replace-
ment, fibrinolysis, fibrinogen, chondroitin sulfates, soluble fibrin 
monomer complexes.

Венозний тромбоемболізм є одним із серйозних ускладнень, 
яке виникає після тотального ендопротезування кульшового 
суглоба (ТЕКС). Серед чинників ризику може бути наявність 
порушень гемостазу та фібринолізу в пацієнтів до хірургіч-
ного втручання. Мета. Виявити вплив наявності коксарт-
розу III–IV ст. на гемостаз хворих до виконання ТЕКС. 
Методи. Проспективне дослідження проведено за участю 
60 пацієнтів із коксартрозом III–IV ст. та 30 здорових доб-
ровольців (контрольна група). У всіх учасників отримали 
зразки крові та сечі (у пацієнтів — за добу до ТЕКС). У крові 
визначали протромбіновий час (ПТ), активований частковий 
тромбопластиновий час (АЧПЧ), фібриноген, фібринолітич-
ну активність (ФА), розчинні фібрин-мономерні комплекси 
(РФМК), глікопротеїни, сіалові кислоти, хондроїтинсульфа-
ти (ХС), кислу і лужну фосфатази, β-ліпопротеїни; у сечі — 
оксипролін, уронові кислоти, Ca та P. Коефіцієнт кореляції 
Пірсона (r) розрахований для визначення взаємозв’язку між 
маркерами гемостазу і метаболізму сполучної тканини. 
Результати. Порівняно з контрольною групою в крові хворих 
на коксартроз рівень лужної фосфатази був вищий у 1,5 рази 
(р < 0,05), кислої — у 1,2 разу (р < 0,05), β-ліпопротеїдів — 
у 1,5 разу (р < 0,05); глікопротеїнів, сіалових кислот і ХС — 
в 1,6; 1,7; 5,1 разу відповідно (р < 0,001). Рівень фібриногену 
в пацієнтів був вищим у 1,2 разу, ФА — в 1,6 (р < 0,001) за 
показники контролю. У сечі пацієнтів рівень гідроксипролі-
ну був вищим у 1,7 разу, Са — в 1,4 (р < 0,05), а фосфору — 
нижчим в 1,5 разу (р < 0,05). У хворих рівень фібриногену 
корелював із рівнем глікопротеїнів (r = 0,97; р < 0,05), ХС 
(r = 0,91; р < 0,05); рівень РФМК — із рівнем глікопротеїнів 
(r = 0,99; р < 0,05), ХС (r = 0,94; р < 0,05). Висновки. У па-
цієнтів із коксартрозом III–IV ст. рівні сполучнотканинних 
маркерів (глікопротеїни, ХС) корелюють із рівнями маркерів 
гемостазу (фібриноген, РФМК). Це має клінічне значення для 
своєчасної профілактики розвитку тромбоемболічних усклад-
нень у хворих, яким рекомендоване ТЕКС. Ключові слова. 
Артропластика кульшового суглоба, фібриноліз, фібриноген, 
хондроїтинсульфати, розчинні фібрин-мономерні комплекси.
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Introduction
Venous thromboembolism, which occurs in 0.6–1.5 % 

of cases, is one of the serious complications after total 
hip replacement [1]. The low incidence is conditioned 
by the use of anticoagulants after surgery to prevent 
venous thromboembolism [2, 3], and in its absence, 
the possibility of complications increases to 50 %. At 
the same time, the use of modern anticoagulants, such 
as factor Xa inhibitors, has a side effect in the form 
of clinically significant bleeding [4]. In this regard, it 
is important to search for factors that influence the de-
velopment of venous thromboembolism, in particular, 
to study the prerequisites for a hypercoagulable state, 
which is one of the causes of venous thromboembo-
lism [5] and may result from hyperactivity of platelets 
in some patients [6]. In patients with coxarthrosis, as 
a result of degenerative changes in articular carti-
lage and subchondral bone, various metabolic com-
pounds are released into the blood, which probably 
affect the hemostasis system. In particular, glycos-
aminoglycans are components of cartilage tissue, and 
some of them (heparin) have an anticoagulant effect 
[7]. Other glycosaminoglycans, such as chondroitin 
sulfates, heparan sulfates, and hyaluronate, can have 
a similar therapeutic effect [8]. Chronic inflammation 
in the joint under the conditions of osteoarthritis [9] 
also negatively affects hemostasis [10, 11], which was 
shown in a study involving patients before total hip 
or knee replacement [12]. In clinical studies, the pre-
sence of disorders in the fibrinolytic system before 
surgical intervention was found in persons who un-
derwent total hip replacement [13, 14].

The search for interrelationships between the he-
mostasis system and metabolic disorders on the part 
of the connective tissue will allow us to gain new 
knowledge about the mechanisms of coagulopa-
thy development in coxarthrosis and reduce the risk 
of thromboembolic complications after endopros-
thetic repair. Timely detection of disorders in the he-
mostasis system based on biochemical studies and 
indicators of fibrinolysis in patients with coxarthrosis 
is a prerequisite for their effective and adequate phar-
macotherapy with direct and indirect anticoagulants 
and thrombolytic drugs to prevent the development 
of thromboembolic complications.

The purpose of the study: to reveal the effect 
of stage III–IV coxarthrosis on hemostasis of patients 
before total hip replacement.

Material and methods
The study was carried out in accordance with 

modern bioethical norms; the design was discussed 
and approved at a meeting of the Bioethics Commit-
tee at the State Institution Professor M. I. Sytenko 
Institute of Spine and Joint Pathology of the National 
Academy of Medical Sciences of Ukraine (Protocol 
No. 224 of 13.06.2022).

The prospective study was conducted in 2018–2020. 
Among the patients who applied to the institution, 
60 individuals with stage III–IV coxarthrosis accord-
ing to Kellgren-Lawrence were selected, who were 
scheduled to undergo total hip replacement. 30 vo-
lunteers without signs of orthopedic diseases were 
included in the control group. Exclusion criteria were 
diseases of the kidneys, liver, tumors, blood coagu-
lation disorders, taking aspirin or other antiplate-
let agents. Patients with coxarthrosis did not differ 
in age and body mass index (BMI) from volunteers 
of the control group (Table 1).

Biochemical methods
Blood and urine samples were taken from all study 

participants for biochemical tests. A blood sample 
of 5 ml was taken from patients with coxarthrosis one 
day before total hip replacement and from healthy 
volunteers in vacuum tubes of Vacutest® (BioLine, 
Ukraine) with a coagulation activator and separating 
gel. After that, the collected blood serum was centri-
fuged for 15 minutes (2,000 rpm).

To measure coagulometric indicators, blood was 
drawn into a tube with 3.8 % sodium citrate. The ra-
tio of sodium citrate to blood was precisely 1:9 (1 ml 
of citrate and 9 ml of blood or 0.5 ml of citrate and 
4.5 ml of blood). All blood tests were performed us-
ing a biochemical semi-automatic analyzer StarDust 
MC15 (DiaSys Diagnostic Systems, Germany), with 
measurement limits of (640–920 ± 2) nm. To evaluate 

Parameter Coxarthrosis  (n = 60) Control group  (n = 30)

Gender (men) 30 (30) 15 (15)
Age, years 46.1 ± 0.79 46.2 ± 1.22
Height, cm 167.1 ± 0.89 167.0 ± 1.30
Weight, kg 72.4 ± 1.64 69.4 ± 1.77
BMI (kg/m2) 25.9 ± 0.59 24.9 ± 0.66

Table 1
Characteristics of study participants

Note. Student's t-test; results are presented as 
mean ± standard error. * — differences are significant 
compared to the control group, if p < 0.05. BMI is the body 
mass index.
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indicators in the urine of all study participants, its 24-hour 
collection was performed.

The following biochemical indicators were mea-
sured in blood serum: glycoproteins, chondroitin 
sulfates, sialic acids, acid and alkaline phosphatase 
activity, total protein and calcium, ionized calcium, 
cholesterol, β-lipoproteins. Soluble prothrombin time 
(PT), activated partial thromboplastin time (APTT), 
fibrinogen, fibrinolytic activity (FA), soluble fibrin 
monomer complexes (SFMC) were determined in 
blood plasma. The level of uronic acids, hydroxypro-
line, calcium and phosphorus was evaluated in urine. 
Glycoproteins, sialic acids, chondroitin sulfates in 
blood serum, hydroxyoxyproline and uronic acids in 
urine were measured according to the methods des-
cribed by us earlier [15]. Activity of acid and alka-
line phosphatase, total protein and calcium, ionized 
calcium, cholesterol, β-lipoproteins, coagulometric 
indicators in blood, level of calcium and phosphorus 
in urine were measured according to the instructions 
for the respective kits.

Statistical analysis
Study results are presented as mean ± standard 

error. The normality of the distribution was checked 
using the Kolmogorov-Smirnov method. To deter-
mine the effect of coxarthrosis on the biochemical in-
dicators of patients, a comparative analysis was per-
formed using the Student's t-test method. The search 
for relationships between indicators of hemostasis 
and connective tissue exchange was performed using 
Pearson's correlation analysis. Statistical analysis was 
performed using Statsoft Statistica 6.0 software (Mi-
crosoft Windows, USA). Differences were considered 
statistically significant at p < 0.05.

Results and their discussion
Compared with the control group, the level of al-

kaline and acid phosphatase in the blood of patients 
with coxarthrosis was 1.5 and 1.2 times higher 
(p < 0.05), respectively, and β-lipoproteins were 
1.5 times higher (p < 0.05); the level of glycoproteins, 
sialic acids, chondroitin sulfates 1.6; 1.7; 5.1 times 
(p < 0.001) higher, respectively. Other measured in-
dicators in patients with coxarthrosis did not differ 
significantly from controls (Table 2).

The values of hemostasis markers in the blood 
plasma of patients with coxarthrosis were higher 
compared to the control group: 1.2 times for fibrino-
gen (p < 0.001), 1.6 times for FA and SFMC levels 
(p < 0.001). The parameters of PT and APTT did not 
significantly differ from the control (Table 3).

In the daily urine of patients with coxarthrosis, 
the following levels were higher than those of the con-

trol group: the level of hydroxyproline 1.7 times 
(p <0.05), calcium 1.4 times (p < 0.05); and phospho-
rus 1.5 times lower (р < 0.05). The level of uronic  
acids did not differ significantly from the control 
group (Table 4).

According to the results of the correlation analy-
sis in patients with coxarthrosis, the level of fibrino-
gen was correlated with the level of glycoproteins 
(r = 0.97; p < 0.05) and chondroitin sulfates (r = 0.91; 
p < 0.05); the level of SFMC also correlated with 
the level of glycoproteins (r = 0.99; p < 0.05) and 
chondroitin sulfates (r = 0.94; p < 0.05). In the control 
group, no significant correlation with the level of gly-
coproteins or chondroitin sulfates was found either 
for fibrinogen (for glycoproteins r = 0.002; p > 0.05; 
chondroitin sulfates r = 0.14; p > 0.05) or for SFMC 
(for glycoproteins r = –0.29; p > 0.05; chondroitin sul-
fates r = –0.17; p > 0.05).

Besides, in patients with coxarthrosis, the le-
vel of fibrinogen correlated with the level of SFMC 
(r = 0.98; p < 0.05), while this was not found in 
the control group (r = 0.06; p > 0.05).

Discussion
A comprehensive laboratory study, which includ-

ed an assessment of biochemical indicators of the me-
tabolism of connective tissue and the hemostasis sys-
tem in patients with coxarthrosis before performing 
total hip replacement, showed a simultaneous viola-
tion of hemostasis and an increase in the blood level 
of markers of inflammatory and destructive processes 
of cartilage and bone tissue.

Table 2
Markers of connective tissue metabolism in the blood 

serum of patients with stage III–IV coxarthrosis 
compared to healthy individuals

Biochemical index Control group  
(n = 30)

Coxarthrosis  
(n = 60)

Total protein, g/l 78.10 ± 1.400 73.29 ± 0.83
Total calcium, mmol/l 2.510 ± 0.040 2.39 ± 0.01
Ionized calcium, mmol l 1.16 ± 0.020 1.17 ± 0.01
Phosphorus, mmol/l 1.46 ± 0.120 1.26 ± 0.02
Alkaline phosphatase, unit/l 165.50 ± 11.050 245.73 ± 7.50*
Acid phosphatase, unit/l 3.75 ± 0.210 4.61 ± 0.12*
Cholesterol, mmol/l 4.97 ± 0.200 4.83 ± 0.14
β lipoproteins, g/l 4.91 ± 0.200 7.39 ± 0.32*
Glycoproteins, g/l 0.68 ± 0.010 1.10 ± 0.01**
Sialic acids, mmol/l 2.00 ± 0.030 3.31 ± 0.16**
Chondroitin sulfates, g/l 0.08 ± 0.004 0.41 ± 0.03**

Note. Student's t-test; results are shown as mean ± 
standard error. Differences are significant compared to 
the control group: * — p < 0.05; ** — p < 0.001.
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The detected changes in the biochemical pa-
rameters of the blood serum are probably due to 
the presence of degenerative disorders in the joint. 
The development of coxarthrosis is accompanied by 
destructive processes in the tissues of the joint, which 
is confirmed by a significant increase in the activity 
of alkaline and acid phosphatases (1.5 and 1.2 times 
respectively) in blood serum compared to healthy in-
dividuals. An increase in acid phosphatase activity is 
associated with degenerative changes in the subchon-
dral bone of the joints, as this enzyme is secreted by 
osteoclasts during bone resorption. Also, a significant 
amount of acid phosphatase is contained in plate-
lets, the indicator of which increases in patients with 
coxarthrosis [11]. Presumably, the increase in acid 
phosphatase activity occurs due to its release from 
platelets, as they have procoagulant activity during 
interaction with thrombin and collagen [16]. The time 
course of the increase in this indicator may be re-
lated to changes in coagulation under the conditions 
of stage III–IV coxarthrosis.

The indicators of connective tissue metabo-
lism in blood serum (glycoproteins, sialic acids and 
chondroitin sulfates) in patients with coxarthro-
sis were significantly higher compared to controls. 
The level of chondroitin sulfates differed the most 
(by 5.1 times), which is caused by the degeneration 
of articular cartilage [17], as they are one of the main 
components of its matrix.

The established higher level of β-lipoproteins in 
the blood serum of patients with coxarthrosis com-
pared to the control group indicates a concomitant 
metabolic syndrome and inflammation in the joint 
[18, 19]. An increase in the level of β-lipoproteins 
may be associated with damage to the vascular endo-
thelium and an increase in the risk of thrombosis [20].

Assessment of the level of excretion of uronic 
acids, hydroxyproline, calcium and phosphorus in 
patients with coxarthrosis also revealed differen-
ces from the control group. In particular, the level 
of excretion of hydroxyproline with urine exceeded 
the control indicator, suggesting an activation of col-
lagen metabolism with a huge predominance of its ca-
tabolism. The higher level of calcium and lower level 
of phosphorus in the urine of patients compared to 
healthy individuals is probably explained by the dis-
turbance of phosphorus-calcium metabolism.

Evaluation of hemostasis indicators in the blood 
plasma of patients with coxarthrosis showed higher 
levels of fibrinogen, SFMC and higher fibrinolytic ac-
tivity, as well as the absence of a significant difference 
for indicators of PT and APTT compared to the control 
group. S. Wanderling with co-authors [14] also showed 
a 1.2 times higher level of fibrinogen in patients before 
total hip replacement compared to healthy individuals. 
In another study, an elevated level of fibrinogen was 
determined in 20 % of patients before total hip replace-
ment [21]. G. Mitana et al. [22] showed that the level 
of SFMC correlates with the development of deep vein 
thrombosis in patients after total knee replacement. 
Contrary to this, H. Watanabe et al. [23] did not find 
a significant difference in the level of SFMC in patients 
before total knee replacement depending on the subse-
quent occurrence of asymptomatic venous thrombo-
embolism. At the same time, the time course of SFMC 
in patients before the specified surgical intervention is 
poorly studied.

Under the conditions of coxarthrosis, the revealed 
relationship between the indicators of connective 
tissue markers (glycoproteins, chondroitin sulfates) 
and indicators of hemostasis (fibrinogen, SFMC) 
confirms our hypothesis about the relationship bet-
ween the time course of fibrinolysis indicators and de-
generative changes in the bone and cartilage tissues 
of the joints. The general link that explains the detected 

Note. Student's t-test; results are shown as mean ± 
standard error. Differences are significant compared 
to the control group: * — p < 0.001. APTT — activated 
partial thromboplastin time; SFMC— soluble fibrin 
monomer complexes.

Table 3
Markers of blood hemostasis in patients 

with stage III-IV coxarthrosis 
compared to healthy individuals

Marker Control group 
(n = 30)

Coxarthrosis 
(n = 60)

Prothrombin time, sec 16.40 ± 0.34 15.60 ± 0.74
APTT, sec 29.50 ± 5.00 29.7 ± 1.74
Fibrinogen, g/l 2.52 ± 0.12 3.11 ± 0.30*
Fibrinolytic activity, min 6.53 ± 0.34 10.48 ± 0.25*
SFMC, mg/100 g 3.33 ± 0.05 5.50 ± 0.88*

Table 4
Markers of excretion of connective tissue metabolites 

in patients with stage III-IV coxarthrosis 
compared to healthy individuals

Marker Control group  
(n = 30)

Coxarthrosis  
(n = 60)

Oxproline, mg/day 25,00 ± 1,40 41,60 ± 1,30*
Uronic acids, mg/day 4,50 ± 0,22 4,34 ± 0,32
Calcium, mg/day 125,00 ± 7,90 172,00 ± 8,90*
Phosphorus, mg/day 1,06 ± 0,09 0,71 ± 0,09*

Note. Student's t-test; results are shown as mean ± standard 
error. Differences are significant compared to the control 
group: * — p < 0.05.
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correlation is probably the «plasminogen activator / 
plasmin» system [24]. It regulates fibrinolysis by 
converting plasminogen to plasmin, the active form 
that causes thrombolysis, and also promotes tissue re-
modeling by destroying the extracellular matrix by 
activating metalloproteinases [25]. One of the compo-
nents of this system, which regulates the conversion 
of plasminogen to plasmin, an inhibitor of plasmino-
gen activator-1, is contained in platelets, leads to in-
creased biosynthesis of metalloproteinases-13, -3, -9 
by chondrocytes, affecting the degradation of the car-
tilage matrix in osteoarthritis [26]. At the same time, 
the inhibitor of plasminogen activator-1 after release 
from platelets can participate in inflammation regard-
less of its effect on plasminogen activators [25]. That 
is, inflammation in the joint in osteoarthritis causes 
an increase in the synthesis of metalloproteinases and 
the entry into the blood of cartilage matrix degrada-
tion products (chondroitin sulfates). At the same time, 
an excessive amount of «acute phase proteins» — 
glycoproteins that are inhibitors of proteolysis, in-
cluding fibrinolysis — accumulates in the blood. [27]. 
Some glycoproteins prevent fibrinolysis by primarily 
binding the active form of plasminogen — plasmin. 
[28]. As a result, fibrin is not used as a substrate for 
plasmin [29], and this probably leads to the accumu-
lation of fibrinogen, SFMC in the blood plasma and 
an increase in fibrinolytic activity.

Conclusions
In patients with stage III-IV coxarthrosis, the levels 

of connective tissue markers (glycoproteins, chondroitin 
sulfates) correlate with the levels of hemostasis markers 
(fibrinogen, SFMC). This is of clinical importance for 
the timely prevention of thromboembolic complications 
in patients who are recommended total hip replacement.
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interest.

References
1. An update on venous thromboembolism rates and prophy-

laxis in hip and knee arthroplasty in 2020 / D. C. Santana, 
A. K. Emara, M. N. Orr [et al.] // Medicina (Lithuania). — 2020. — 
Vol. 56 (9). — P. 1–14. — DOI: 10.3390/medicina56090416.

2. Kim J.-S. Deep vein thrombosis prophylaxis after total hip 
arthroplasty in asian patients / J.-S. Kim // Hip & Pelvis. — 
2018. — Vol. 30 (4). — Article ID: 197. — DOI: 10.5371/
hp.2018.30.4.197.

3. Prevention of VTE in orthopedic surgery patients / Y. Falck-
Ytter, C. W. Francis, N. A. Johanson [et al.] // Chest. — 
2012. — Vol. 141 (2). — P. e278S‒e325S. — DOI: 10.1378/
chest.11-2404.

4. A prospective cohort comparative study of rivaroxaban, dabi-
gatran, and apixaban oral thromboprophylaxis in 2431 hip and 
knee arthroplasty patients: primary efficacy outcomes and safety 
profile / A. J. Highcock, M. As-Sultany, R. Finley, N. J. Don-
nachie // Journal of Arthroplasty. — 2020. — Vol. 35 (11). — 

P. 3093–3098. — DOI: 10.1016/j.arth.2020.06.032.
5. Trends in deep vein thrombosis prophylaxis and deep vein 

thrombosis rates after total hip and knee arthroplasty / H. Bawa, 
J. W. Weick, D. R. Dirschl, H. H. Luu // Journal of the American 
Academy of Orthopaedic Surgeons. — 2018. — Vol. 26 (19). — 
P. 698–705. — DOI: 10.5435/JAAOS-D-17-00235.

6. The role of platelet hyperreactivity in venous thromboembo-
lism after total knee arthroplasty in elderly population without 
pharmacologic prophylaxis: A single-center study / Y. Kim, 
Y. Park, Y. Joo [et al.] // International Journal of Laboratory 
Hematology. — 2019. — Vol. 41 (1). — P. 102–108. — DOI: 
10.1111/ijlh.12932.

7. Onishi A. Heparin and anticoagulation / A. Onishi, K. St Ange, 
J. S. Dordick, R. J. Linhardt // Frontiers in Bioscience. — 
2016. — Vol. 21 (7). — P. 1372–1392. — DOI: 10.2741/4462.

8. Lima M. New applications of heparin and other glycosamino-
glycans / M. Lima, T. Rudd, E. Yates // Molecules. — 2017. — 
Vol. 22 (5). — DOI: 10.3390/molecules22050749.

9. Chow Y. Y. The role of inflammation in the pathogenesis 
of osteoarthritis / Y. Y. Chow, K. Y. Chin // Mediators of Inflam-
mation. — 2020. — Vol. 2020. — DOI: 10.1155/2020/8293921.

10. Platelets contribute to the accumulation of matrix metallopro-
teinase type 2 in synovial fluid in osteoarthritis / A. Alunno, 
E. Falcinelli, F. Luccioli [et al.] // Thrombosis and Haemo-
stasis. — 2017. — Vol. 117 (11). — P. 2116–2124. — DOI: 
10.1160/TH17-06-0379.

11. Association between platelet count and osteoarthritis in 
women older than 50 years / Y. J. Kwon, I. H. Koh, K. Chung 
[et al.] // Therapeutic Advances in Musculoskeletal Disease. — 
2020. — Vol. 12. — Article ID : 1759720X20912861. — DOI: 
10.1177/1759720X20912861.

12. Altered regulation of in-vivo coagulation in orthopedic pa-
tients prior to knee or hip replacement surgery / S. Craven, 
L. Dewar, X. Yang [et al.] // Blood Coagulation and Fibrinoly-
sis. — 2007. — Vol. 18 (3). — P. 219–225. — DOI: 10.1097/01.
mbc.0000264704.90039.5d.

13. Fibrinolytic dysregulation in total joint arthroplasty patients: 
potential clinical implications / N. Guler, A. Burleson, D. Syed 
[et al.] // Clinical and Applied Thrombosis/Hemostasis. — 2016. — 
Vol. 22 (4). — P. 372–376. — DOI: 10.1177/1076029615597060.

14. Dysregulation of tissue factor, thrombin-activatable fibrinolysis 
inhibitor, and fibrinogen in patients undergoing total joint 
arthroplasty / C. Wanderling, J. Liles, E. Finkler [et al.] // 
Clinical and Applied Thrombosis/Hemostasis. — 2017. — 
Vol. 23 (8). — P. 967–972. — DOI: 10.1177/1076029617700998.

15. Morozenko D. V. Research methods markers of connective 
tissue metabolism in modern clinical and experimental medi-
cine [Metody doslidzhennya markeriv metabolizmu spoluch-
noyi tkanyny u klinichniy ta eksperymentalʹniy medytsyni] / 
D. V. Morozenko, F. S. Leontieva // Molodyy vchenyy. — 
2016. — No. 2 (29). — P. 168–172. (in Ukrainian)

16. Polasek J. Platelet lysosomal acid phosphatase enzyme activ-
ity as a marker of platelet procoagulant activity / J. Polasek // 
Blood Transfusion. — 2009. — Vol. 7 (2). — P. 155‒156. — 
DOI: 10.2450/2008.0053-08.

17. Multivariable logistic and linear regression models for iden-
tification of clinically useful biomarkers for osteoarthritis / 
Y. Liem, A. Judge, J. Kirwan [et al.] // Scientific Reports. — 
2020. — Vol. 10 (1). — DOI: 10.1038/s41598-020-68077-0.

18. The relation between the inflammatory status of human end 
stage OA synovium and levels of low density lipoprotein / 
N. Kruisbergen, M. van den Bosch, A. Blom, P. van Lent // 
Osteoarthritis and Cartilage. — 2019. — Vol. 27. — P. S88– S89. — 
DOI: 10.1016/j.joca.2019.02.125.

19. High systemic levels of low-density lipoprotein cholesterol: Fuel 
to the flames in inflammatory osteoarthritis? / W. De Munter, 
P. M. Van der Kraan, W. B. Van den Berg, P. L. E. M. Van Lent // 
Rheumatology (United Kingdom). — 2016. — Vol. 55 (1). — 



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022.  № 3–4

* Stanislav Bondarenko, MD, DMSi in Traumatology and Orthopaedics: bondarenke@gmail.com 
* Volodymyr Filipenko, MD, Prof. in Orthopaedics and Traumatology: filippenko1957@gmail.com 
* Dmytro Morozenko: Doctor of Veter. Sci.: d.moroz.vet@gmail.com 
* Frieda Leontyeva, PhD in Biol. Sci: alwisia@i.ua 
* Oleksandr Vysotskyi, MD: vavkherson@gmail.com 
* Valentyna Maltseva, Phd in Biol. Sci.: maltseva.val.evg@gmail.com

ANALYSIS OF THE RELATIONSHIP BETWEEN DEGENERATIVE CHANGES  
IN THE JOINT UNDER CONDITIONS OF HIP OSTEOARTHRITIS  
WITH HEMOSTASIS DISORDERS IN PATIENTS BASED ON THE RESULTS  
OF A BIOCHEMICAL STUDY
S. Ye. Bondarenko 1, V. A. Filipenko 1, D. V. Morozenko 2,  

F. S. Leontyeva 1, O. V. Vysotskyi 3 , V. Ye. Maltseva 1

1 Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv 
2 National University оf Pharmacy, Kharkiv. Ukraine 
3 Kherson Regional Clinical Hospital. Ukraine

The article has been sent to the editors 04.10.2022

P. 16–24. — DOI: 10.1093/rheumatology/kev270.
20. Badimon L. LDL-cholesterol versus HDL-cholesterol in 

the atherosclerotic plaque: Inflammatory resolution versus 
thrombotic chaos / L. Badimon, G. Vilahur // Annals of the New 
York Academy of Sciences. — 2012. — Vol. 1254 (1). — 
P. 18–32. — DOI: 10.1111/j.1749-6632.2012.06480.x.

21. Thrombotic activation before and after total hip arthroplasty. 
A prospective cohort study / M. Burbul, D. Tomaszewski, 
A. Rogalska [et al.] // BMC Musculoskeletal Disorders. — 
2021. — Vol. 22 (1). — Article ID :691. — DOI: 10.1186/
s12891-021-04566-1.

22. Associations between venous thromboembolism onset, D-
dimer, and soluble fibrin monomer complex after total knee 
arthroplasty / G. Mitani, T. Takagaki, K. Hamahashi [et al.] // 
Journal of Orthopaedic Surgery and Research. — 2015. — 
Vol. 10 (1). — Article ID: 172. — DOI: 10.1186/s13018-015-
0315-4.

23. Predictive blood coagulation markers for early diagnosis of ve-
nous thromboembolism after total knee joint replacement / 
H. Watanabe, S. Madoiwa, H. Sekiya [et al.] // Thrombosis 
Research. — 2011. — Vol. 128 (6). — P. e137‒43. — DOI: 
10.1016/j.thromres.2011.07.030.

24. Luyendyk J. P. The multifaceted role of fibrinogen in tissue 

injury and inflammation / J. P. Luyendyk, J. G. Schoenecker, 
M. J. Flick // Blood. — 2019. — Vol. 133 (6). — P. 511–520. —
DOI: 10.1182/blood-2018-07-818211.

25. Therapeutics targeting the fibrinolytic system / H. Lin, L. Xu, S. 
Yu [et al.] // Experimental and Molecular Medicine. — 2020. — 
Vol. 52 (3). — P. 367–379. — DOI: 10.1038/s12276-020-0397-x.

26. Plasminogen activator inhibitor-1 is involved in interleukin-
1β-induced matrix metalloproteinase expression in murine 
chondrocytes / A. Moritake, N. Kawao, K. Okada [et al.] // 
Modern Rheumatology. — 2019. — Vol. 29 (6). — P. 959– 963. — 
DOI: 10.1080/14397595.2018.1525018.

27. The biomarker GlycA is associated with chronic inflammation 
and predicts long-term risk of severe infection / S. C. Ritchie, 
P. Würtz, A. P. Nath [et al.] // Cell Systems. — 2015. — 
Vol. 1 (4). — P. 293–301. — DOI: 10.1016/j.cels.2015.09.007.

28. Yasuda S. β2-glycoprotein I, anti-β2-glycoprotein I, and fibri-
nolysis / S. Yasuda, T. Atsumi, M. Ieko, T. Koike // Thrombosis 
Research. — 2004. — Vol. 114 (5-6). — P. 461–465. — DOI: 
10.1016/j.thromres.2004.07.013.

29. Baker S. K. A critical role for plasminogen in inflammation / 
S. K. Baker, S. Strickland // Journal of Experimental Medi-
cine. — 2020. — Vol. 217 (4). — Article ID: e20191865. — 
DOI: 10.1084/jem.20191865. 


