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ABSTRACT

INTRODUCTION: The purpose of this review and meta-analysis is to compare tranexamic acid (TXA) admini
stration via the intravenous route (IV-TXA) and topical route (T-TXA), in reducing blood loss in knee arthro-
plasty.

MATERIAL AND METHODS: A systematic literature search was performed using Medline, EMBASE, Scopus 
and CENTRAL databases till December 20, 2021. Outcomes of interest included blood loss, hematocrit and 
hemoglobin drop, and adverse events.

RESULTS: A total of 3,363 patients (n = 1,307 in IV-TXA group; n = 2,056 in T-TXA group) from 23 stu
dies were included. There was no statistically significantly difference between IV-TXA and T-TXA among 
to: total blood loss (874.8 ± 349.7 mL vs 844.9 ± 366.6 mL, respectively; SMD = 0.13; 95% CI: −9.37 to 
85.32; p = 0.15), as well as transfusion needed (10.9% vs 15.4% respectively (RR = 0.79; 95% CI: 0.60 to 
1.04; p = 0.09). Blood loss from the drain in IV-TXA and T-TXA varied and occurred 377.9 ± 191.9 vs 
302.9 ± 182.6 mL for IV-TXA and T-TXA, respectively: (SMD = 0.52; 95% CI: 0.02 to 1.02; p = 0.04).

CONCLUSIONS: Our clinical findings support that TXA can effectively, safely, and decrease the number of 
transfusions without severe side effects in patients undergoing TKA. However, given the reports from in-
dividual single clinical trials of the superiority of T-TXA, further clinical trials and meta-analyses based on 
these findings are needed to standardize the approach to TXA use in patients undergoing knee arthroplasty.

KEY WORDS: arthroplasty; knee; replacement; tranexamic acid; intravenous; topical; systematic review;  
meta-analysis
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INTRODUCTION
Knee arthroplasty (KA) has become a routine ortho-
pedic procedure with tranexamic acid (TXA) used 
to prevent excessive bleeding [1–5]. Knee arthro-
plasty may be associated with blood loss of up to 
800–1800 mL, making allogeneic blood transfu-
sion necessary with a 10% to 62% [6–8]. This may 
expose the patient to related complications such 
as cardiopulmonary embarrassment, disease trans-
mission, immunological reaction, and postoperative 
infection [9, 10]. Observational studies have report-
ed associations between red blood cell transfusion 
and increased postoperative morbidity and mortality 
[11, 12]. Tranexamic acid (TXA) is an anti-fibrinolytic 
that inhibits fibrin’s plasmin-mediated degradation, 
routinely used in KA but has not yet become the 
standard of care [12–14]. The absolute contraindi-
cations of intravenous TXA are not evident, as well 
the dose-related effects of TXA on the coagulation 
system are not clear.

Moreover, the route of TXA application can vary; 
intravenously (IV-TXA), topically (T-TXA), or orally 
[13, 15, 16]. T-TXA is considered to be comparable 
to IV-TXA in reducing postoperative blood loss af-
ter primary KA [17]. Topical administration has the 
theoretical benefits of limiting systemic toxicity and 
the advantage of locally increased concentrations 
compared to IV-TXA. It has been investigated as 
a safe alternative, especially regarding the systemic 
adverse effects of intravenous TXA [18]. However, 
most of those studies collectively focus on KA and 
total hip arthroplasty (THA) [4, 19]. Meta-analyses 
investigating data from two different procedures 
fail to capture the differences between the two pro-
cedures, their extent, and any differences between 
the doses of TXA applied topically. Considerations 
regarding the optimal administration of TXA are 
still controversial due to the still unclear comparison 
of the benefits and risks of using TXA by different 
approaches [16, 20–22].

The purpose of this review and meta-analysis is 
to compare data from various studies comparing in-
travenous and topical administration of TXA, which 
may help guide decisions on the administration of 
TXA during KA.

MATERIAL AND METHODS
The current meta-analysis was conducted according 
to the Preferred Reporting Items for Systematic Re-
view and Meta-Analysis statement [23] and the rec-

ommendations of Cochrane Collaboration. The study 
is a continuation of the authors’ research on the 
effectiveness and safety of TXA in orthopedics [24].

Search strategy
To identify all the eligible studies of IV-TXA versus 
T-TXA in patients with knee arthroplasty, a literature 
search was performed on the following online da-
tabases: Medline, EMBASE, Scopus, and Cochrane 
Central Register of Controlled Trials (CEN-TRAL) from 
database inception to December 20, 2021. The 
following keywords were used as search terms: 
“tranexamic acid” or “TXA” and “intravenous” or 
“topical” or “intraocular” and “knee arthroplasty”.

Additionally, a manual search of the reference 
lists of studies and reviews on this topic was per-
formed to identify additional eligible studies. To 
avoid double data counting, the one with the lar
gest sample size was included when there were 
multiple publications from the same trial sample.

Eligibility criteria
Studies that were included in this meta-analysis had 
to fulfill the following PICOS criteria: (1) Partici-
pants: patients 18 years old or older requiring knee 
arthroplasty; (2) Intervention, tranexamic acid treat-
ment administrated intravenously; (3) Comparison: 
tranexamic acid treatment administrated topically; 
(4) Outcomes: operative data and adverse events 
occurrence; (5) Study design: randomized controlled 
trials and retrospective trials comparing IV-TXA and 
T-TXA care for their effects in patients with knee 
arthroplasty. Animal studies, reviews, case reports, 
letters, conference or poster abstracts, or articles 
not containing original and not published in English 
were excluded.

Data extraction
From eligible studies, the following data were ex-
tracted into a predefined Microsoft Excel spreadsheet 
(Microsoft Corp., Redmond, WA, USA): (1) study 
characteristic (i.e., first author, year of publication, 
country, study design, inclusion and exclusion cri-
teria, primary outcomes, findings); (2) participant 
characteristics (i.e., number of participants, age, sex); 
(3) primary study outcomes (i.e., blood volume loss, 
operative time, adverse events, hospital length of 
stay). Data extraction was performed independently 
by two authors (J.P. and M.P.). Potential disagree-
ments were resolved by discussion with a third re-
viewer (L.S.).
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Quality assessment
The quality of each study was independently eva
luated by two authors (J.P. and M.A.-J.) using the 
RoB-2 tool (revised tool for risk of bias in rand-
omized trials) was used to assess the quality of ran-
domized studies [25], or the ROBINS-I tool (tool to 
determine the risk of bias in non-randomized studies 
of interventions) [26]. Any disagreements were re-
solved by discussion with a third author (M.A.-J.). 
The risk of bias assessments was visualized using the 
Robvis application [27].

Statistical analysis
As statistical analyses were performed using the 
Review Manager, version 5.4EN (RevMan; The 
Cochrane Collaboration, Oxford, UK) and STATA sta-
tistical software, version 17EN (StataCorp LLC, TX, 
USA). The results for dichotomous outcomes were 
presented as odds ratios (ORs) or risk ratios (RRs) 
with 95% confidence intervals (CIs). The standard 
mean differences (SMDs) with 95% CI were used 
for continuous outcomes. In case when the contin-
uous outcomes were reported in a study as median, 
range, and inter-quartile range, we estimated means 
and standard deviations using the formula described 
by Hozo et al. [28].

We quantified heterogeneity in each analysis by 
the tau-squared and I-squared statistics. Heteroge-
neity was detected with the chi-squared test with 
n – 1 degree of freedom, which was expressed as 
I2. Values of I2 > 50% and > 75% were considered 
to indicate moderate and significant heterogene-
ity among studies, respectively. A random-effects 
model was used to pool study results independently 
of the p-value for heterogeneity or I2 [29]. All the 
p-values are two-sided, and a p < 0.05 was consid-
ered statistically significant [30].

To evaluate the potential for publication bias, we 
plotted values against associated standard errors [31] 
and used Begg’s test to assess the symmetry of the 
resulting funnel plot [32]. We considered publica-
tion bias present when the p-value was < 0.1 in the 
asymmetry test. However, publication bias was not 
evaluated when a limited number of studies (< 10)  
were included in the analysis.

RESULTS
Study selection
Figure 1 depicts the flow diagram for the search 
process. Overall, the combined search identified 

517 articles, of which 470 were excluded (78 were 
duplicates, and 392 were excluded upon the title 
and abstract evaluation). The remaining 47 articles 
underwent full-text evaluation. Finally, 23 eligible 
articles were found and were included in the quali-
tative and quantitative analyses.

Twenty-three trials [8, 9, 13–16, 20-21, including 
3,363 patients with knee arthroplasty (1,307 with 
IV-TXA and 2,056 with T-TXA application) were pub-
lished between 2012 and 2019. Table 1 displays the 
baseline characteristics of patients who underwent 
Knee arthroplasty and were treated with IV-TXA or 
T-TXA. Twenty-one studies were designed as rand-
omized controlled trials [8, 9, 13–16, 21, 33, 35–42, 
44–48]. The risk of bias among included studies is 
assessed in Figures S1–S4 (see Supplementary file).

There was no statistically significant difference in 
patient baseline characteristics between IV-TXA and 
T-TXA (Tab. 2).

Blood loss from the drain was reported in nine 
studies and was 377.9 ± 191.9 vs 302.9 ± 182.6 mL 
for IV-TXA and T-TXA respectively: (SMD = 0.52; 
95% CI: 0.02 to 1.02; I2 = 92%; p = 0.04; Figure 2).

Fifteen studies reported hemoglobin diffe
rences between pre-surgery and post-surgery 
periods. Pooled analysis of hemoglobin drops in 
IV-TXA and T-TXA was 2.4 ± 1.1 in each group 
(SMD = 0.42; 95% CI: = −0.26 to 1.09; I2 = 98%; 
p = 0.23; Figure 4).

Figure 1. Database search and selection of studies according to 
PRISMA guidelines

https://journals.viamedica.pl/disaster_and_emergency_medicine/article/view/DEMJ.a2022.0025
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Hematocrit difference between pre- and 
post-surgery period was 7.5 ± 2.8% for IV-TXA 
group compared to 8.0 ± 2.9% for T-TXA group 
(SMD = −0.08; 95% CI: −1.42 to 1.26; I2 = 94%; 
p = 0.91; Figure 5).

Pooled analysis of nineteen studies showed that 
the need for transfusion in the IV-TXA and T-TXA 

groups varied and amounted to 10.9% vs 15.4% 
respectively (RR = 0.79; 95% CI: 0.60 to 1.04; 
I2 = 25%; p = 0.09).

A summary of the individual adverse events 
observed in the analyzed articles is presented in 
Table 3. Pooled analysis showed no statistically sig-
nificant differences in the occurrence of particular 

Table 1. Characteristics of included studies

Study Country Study 
design

Intravenous TXA group Topical TXA group

No Age Sex, male No Age Sex, male

Aguilera et al. 2015 Spain RCT 50 72.49 ± 7.68 12 (24.0%) 50 72.53 ± 6.6 18 (36.0%)

Dronos et al. 2016 Greece RCT 30 69.27 ± 7.21 6 (20.0%) 30 71.10 ± 6.32 6 (20.0%)

Hegde et al. 2013 India PCS 30 66.57 ± 8.48 NS 30 65.48 ± 6.53 NS

Keyhani et al. 2016 Iran RCT 40 68.4 ± 10.4 26 (65.0%) 40 67 ± 11.9 23 (57.5%)

Kyriakopoulos et al. 2019 Greece RCT 41 69.73 ± 6.87 NS 42 70.74 ± 6.55 NS

Lacko et al. 2017 Slovakia RCT 30 68.4 ± 7.2 12 (40.0%) 30 67.5 ± 7.7 13 (43.3%)

Laoruengthana et al. 2019 Thailand RCT 76 64.01 ± 7.68 14 (18.4%) 75 64.81 ± 8.06 12 (16.0%)

López-Hualda et al. 2012 Spain RCT 30 73.1 ± 7.3 24 (80.0%) 30 72.9 ± 7.1 19 (63.3%)

Maniar et al. 2012 India RCT 40 67.3 ± 9.1 10 (25.0%) 40 67.4 ± 7.9 6 (15.0%)

Mehta et al. 2018 India RCT 100 62.86 ± 6.08 41 (41.0%) 100 61.85 ± 4.81 44 (44.0%)

Oztas et al. 2015 Turkey RCT 30 68.56 ± 5.38 5 (16.7%) 30 67.06 ± 6.54 4 (13.3%)

Pitta et al. 2015 USA RS 202 65.3±10.6 61 (30.2%) 201 65.8 ± 10.9 68 (33.8%)

Sahin et al. 2019 Turkey RCT 67 66.7 ± 9.5 8 (11.9%) 33 68 ± 7.5 4 (12.1%)

Sarzaeem et al. 2014 Iran RCT 50 66.9 ± 7.2 7 (14.0%) 50 68.1 ± 6.8 7 (14.0%)

Seo et al. 2013 South Korea RCT 50 66.8 ± 6.3 6 (12.0%) 50 67.5 ± 6.6 5 (10.0%)

Song et al. 2016 Korea RCT 50 69.2 ± 6.4 6 (12.0%) 50 69.8 ± 6.8 8 (16.0%)

Tzatzairis et al. 2016 Greece RCT 40 69.55 ± 6.61 9 (22.5%) 40 69.10 ± 8.68 7 (17.5%)

Uğurlu et al. 2016 Turkey RCT 40 69.4 ± 7.5 11 (27.5%) 42 70.6 ± 8.6 9 (21.4%)

Wang et al. 2017 China RCT 50 67.42 ± 8.202 14 (28.0%) 50 67.98 ± 5.971 14 (28.0%)

Wang et al. 2018 China RCT 60 66.90 ± 9.48 15 (25.0%) 60 63.20 ± 11.75 16 (26.7%)

Yen et al. 2017 Taiwan RCT 31 69.13  
(7.94; 51–85)

4 (12.9%) 32 69.66  
(5.53; 59–84)

13 (40.6%)

Yuan et al. 2017 China RCT 140 63.74 ± 8.05 67 (47.9%) 140 63.26 ± 6.99 63 (45.0%)

Zekcer et al. 2016 Brazil RCT 30 NS 6 (20.0%) 30 NS 9 (30.0%)
NS — not specified; PCS — prospective comparative study; RCT — randomized controlled trial; RS — retrospective study

Figure 2. Forest plot of blood volume loss from the drain among IV-TXA and T-TXA groups. The center of each square represents the 
weighted standard mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The 
diamonds rep-resent pooled results
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Table 2. Pooled analysis of patient characteristics among included trials

Outcome No. of 
studies

Events / Participants 
or Mean ± SD Events Heterogeneity 

between trials
P-value for
differences

across 
groupsIV-TXA T-TXA OR 

or SMD 95%CI P-value I2 
statistic

Age, years 22 66.6 ± 8.5 66.5 ± 8.7 0.00 −0.08 to 0.08 0.94 0% 0.98

Sex female, n (%) 22 327/1,208
(27.1%)

351/1,173
(29.9%)

1.13 0.94 to 1.36 0.80 0% 0.20

BMI 17 28.6 ± 6.2 28.1 ± 5.4 0.07 −0.18 to 0.33 < 0.001 86% 0.59

ASA

   1 class 5 67/321
(20.9%)

56/322
(17.4%)

1.34 0.85 to 2.11 0.92 0% 0.21

   2 class 6 240/351
(68.4%)

247/352
(70.2%)

0.91 0.65 to 1.28 0.57 0% 0.59

   3 class 5 39/321
(12.1%)

44/322
(13.7%)

0.87 0.54 to 1.41 0.43 0% 0.57

   4 class 5 1/321
(0.3%)

1/322
(0.3%)

1.00 0.06 to 16.44 NA NA 1.00

Pre-surgery hemoglobin, g/dL 19 13.1 ± 1.4 13.1 ± 1.6 0.00 −0.08 to 0.08 0.73 0% 0.99

Pre-surgery hematocrit, % 11 40.1 ± 3.5 40.1 ± 4.1 0.06 −0.09 to 0.22 0.18 27% 0.44
ASA — The American Society of Anesthesiologists physical status classification system; BMI — body mass index; CI — confidence interval; MD — mean difference; NA — not applicable

Figure 3. Forest plot of total blood volume loss among IV-TXA and T-TXA groups. The center of each square represents the weighted 
standard mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds 
represent pooled results

Figure 4. Forest plot of hemoglobin difference between pre-surgery and post-surgery period among IV-TXA and T-TXA groups. The 
center of each square represents the weighted standard mean differences for individual trials, and the corresponding horizontal line 
stands for a 95% confidence interval. The diamonds represent pooled results

Figure 5. Forest plot of hematocrit difference between pre-surgery and post-surgery period among IV-TXA and T-TXA groups. The center 
of each square represents the weighted standard mean differences for individual trials, and the corresponding horizontal line stands for  
a 95% confidence interval. The diamonds represent pooled results
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types of adverse events between IV-TXA and T-TXA 
(p > 0.05 for every adverse event type).

Both the duration of the operation and the 
length of hospital stay between examined groups 
(IV-TXA and T-TXA) showed no statistically signifi-
cant differences (p > 0.05; Figures S5–S6, see Sup-
plementary file).

DISCUSSION
Knee arthroplasty can be associated with signifi
cant blood loss. Surgical primary concerns are in-
traoperative and postoperative period blood loss 
and secondary acute anemia [7]. Adequate use 
of antifibrinolytics contributes to decreased blood 
loss, and TXA has been used widely in total joint ar-
throplasty through intravenous or topical admini- 
stration [10]. Routine use of TXA not only appears 
to increase a patient’s prospects for faster and less 
complicated recovery subsequent to KA but also 
results in lower direct hospital charges by reduc-
ing costs associated with blood transfusion, lab-
oratory testing, and room & board. Gillette et al. 
[48] report that hospitalization costs for a patient 
undergoing primary total hip or knee arthroplasty 
with TXA are lower by nearly $900. However, this 
study treats THA and KA collectively and refers to 
a single route of TXA administration. Also, Kyria- 
kopoulos et al. [36] describe the cost reduction 
of KA with TXA, and the estimated saving is 
€386 per patient.

In order to compare the efficacy of the routes 
of administration of TXA used in KA, we conducted 
a meta-analysis in which eight parameters com-
pared from individual studies were included; total 
blood loss, blood loss from the drain, hemoglo-
bin drop difference between pre-surgery and post- 
-surgery period, hemoglobin difference between 
pre- and post-surgery period, need of a transfusion, 
summary of the individual adverse events, duration 
of the operation and the length of postal stay.

A meta-analysis of 14 randomized con-
trolled trials conducted by Alshryda et al. [49] in 
2014 showed that T-TXA significantly reduced the 
rate of blood transfusions. Also, in a study by 
Hamlin et al. [50], it was reported that after T-TXA 
none of the patients required blood transfusion, 
while in the IV-TXA group, 2.4% of patients re-
quired transfusion. However, these findings are not 
consistent with our meta-analysis. In 19 analyzed 
studies, 10.8% of patients in the IV-TXA group 
required blood transfusion compared to 15.2% 
in the T-TXA group, and the hemoglobin differ-
ence between pre- and post-surgery period was 
7.5 ± 2.8% for the IV-TXA group compared to 
8.0 ± 2.9% for T-TXA group. These differences, 
however, must be considered concerning the other 
data analyzed and cannot unequivocally prove the 
superiority of IV-TXA because total blood loss in 
this group was higher than in the T-TXA group 
(874.8 ± 349.7 mL vs 844.9 ± 366.6 mL). Also, 
blood loss from drainage reported in ten analyzed 

Table 3. Pooled analysis of adverse events occurred among analyzed trials

Adverse event type No. of 
studies

Events / Participants Events Heterogeneity 
between trials

p-value for
differences

across 
groupsIV-TXA T-TXA RR 95%CI p-value I2 

statistic

DVT 6 4/345
(1.2%)

4/342
(1.2%)

1.10 0.26 to 4.62 0.37 7% 0.89

Pulmonary embolus 5 0/331
(0.0%)

0/332
(0.0%)

NE NE NA NA NA

Wound infection 3 0/230
(0.0%)

1/230
(0.4%)

0.33 0.01 to 8.02 NA NA 0.50

Atrial fibrillation 1 0/50
(0.0%)

1/50
(2.0%)

0.33 0.01 to 7.99 NA NA 0.50

Hematoma 2 7/91
(7.7%)

6/91
(6.6%)

1.17 0.43 to 3.19 0.90 0% 0.76

Gastric hemorrhage 1 0/60
(0.0%)

0/60
(0.0%)

NE NE NA NA NA

CI — confidence interval; DVT — deep vein thrombosis; NA — not applicable; NE — not estimable

https://journals.viamedica.pl/disaster_and_emergency_medicine/article/view/DEMJ.a2022.0025)
https://journals.viamedica.pl/disaster_and_emergency_medicine/article/view/DEMJ.a2022.0025)
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studies indicates an advantage of topical adminis-
tration (377.9 ± 191.9 vs 302.9 ± 182.6 mL for 
IV-TXA and T-TXA, respectively).

Topical TXA application has the theoretical ad-
vantage of limiting systemic toxicity and benefits of 
locally increased concentrations, and it can poten-
tially avoid the complications of intravenous TXA 
[51]. Topical intraoperative applications are easy to 
perform and therefore seem to be practical. Topical 
TXA rapidly diffuses into the synovial fluid and syno-
vial membranes until the concentration of the TXA in 
synovial fluid reaches the concentration of serum, its 
biological half-life in the joint fluid is about 3 hours 
[52]. To maintain microvascular hemostasis, it is 
necessary to reach maximum concentrations at the 
surgical site. The minimum plasma concentration of 
TXA needed to inhibit fibrinolysis is 5–10 mg/L [53]. 
The potential mechanism and advantage of topical 
application of TXA into the surgical field is to directly 
reach the bleeding site, attenuating the marked in-
crease in local fibrinolysis associated with a release 
of the tourniquet [54]. However, as mentioned, the 
additional costs after TKA are mainly generated by 
the postoperative need for blood transfusions, and 
thus analyzing the topic in terms of financial bene-
fits indicates the advantage of IV-TXA again.

It is also valuable to point out that although 
absolute contraindications of intravenous TXA are 
not evident, one should remember about relative 
contraindications for TXA use, such as recent cere-
brovascular accidents, deep vein thrombosis (DVT) 
or pulmonary embolism (PE) [48]. To evaluate the 
risk of adverse events, we summarized the individual 
adverse events, including DVT and PE. Pooled ana
lysis showed no statistically significant differences in 
the occurrence of particular types of adverse events 
between IV-TXA and T-TXA. No statistical difference 
was also found in assessing the duration of the 
operation and the length of postal stay between 
the examined groups. However, TXA is not consid-
ered thrombogenic and prevents the degradation 
of existing blood clots, and some studies suggest 
no increase in the incidence of venous thrombosis 
among patients treated with TXA, even in patients 
at higher risk, and administration of IV-TXA does not 
necessarily correlate with an increased risk of venous 
thromboembolism [55, 56].

There are limitations to the meta-analysis con-
ducted. First, there is a limitation in how results are 
reported. The different doses and administration 
times of TXA can contribute to confusion when 

comparing data. Moreover, there was substantial 
heterogeneity in the meta-analysis of several out-
comes, such as differences in surgical time, tech-
nique, approaches, and postoperative measures. The 
meta-analysis conducted by our team does not al-
low concluding unequivocally on the superiority of 
one of the TXA application routes. The analyzed 
parameters of total blood loss and blood loss from 
the drain point favors T-TXA; however, the sum-
mary analysis of the need for transfusion points in 
favor of IV-TXA. Considering that the requirement 
for transfusion reflects the more severe condition of 
the patient after the procedure and carries the risk 
of post-transfusion complications, and is associated 
with additional costs, it seems that intravenous TXA 
may carry more benefits.

CONCLUSIONS
In conclusion, our clinical findings support that TXA 
can effectively, safely, and decrease the number of 
transfusions without severe side effects in patients 
undergoing TKA. However, given the reports from 
individual single clinical trials of the superiority of 
T-TXA, further clinical trials, and meta-analyses 
based on these findings are needed to standar
dize the approach to TXA use in patients undergo-
ing TKA.

Author contributions
Conceptualization, J.P. and L.S.; methodology, J.P. 
and L.S.; software, L.S.; validation, J.P., M.A.-J. and 
L.S.; formal analysis, J.P. and L.S.; investigation, J.P., 
M.P., M.A.-J. and L.S.; resources, J.P.; data curation, 
J.P. and L.S.; writing — original draft preparation, 
J.P., L.S., MM., M.K. and E.M.; writing — review 
and editing, J.P., M.A.-J., M.M., M.P., A.M., M.K., 
E.M., J.S. and L.S.; visualization, L.S.; supervision, 
L.S.; project administration, J.P. and L.S.; funding 
acquisition, A.M. All authors have read and agreed 
to the published version of the manuscript.

Funding
This research received no external funding.

Acknowledgements
The study was supported by the Polish Society of 
Disaster Medicine.

Conflicts of interest
The authors declare no conflict.



Jaroslaw Pecold et al.,Tranexamic acid in knee arthroplasty

173www.journals.viamedica.pl

REFERENCES
1.	 Gillespie R, Shishani Y, Joseph S, et al. Neer Award 2015: A rand-

omized, prospective evaluation on the effectiveness of tranexamic acid 

in reducing blood loss after total shoulder arthroplasty. J Shoulder El-

bow Surg. 2015; 24(11): 1679–1684, doi: 10.1016/j.jse.2015.07.029, 

indexed in Pubmed: 26480877.

2.	 Li GL, Li YM. Oral tranexamic acid can reduce blood loss after total knee 

and hip arthroplasty: A meta-analysis. Int J Surg. 2017; 46: 27–36, 

doi: 10.1016/j.ijsu.2017.08.009, indexed in Pubmed: 28797918.

3.	 Xiong H, Liu Yi, Zeng Yi, et al. The efficacy and safety of combined 

administration of intravenous and topical tranexamic acid in primary 

total knee arthroplasty: a meta-analysis of randomized controlled 

trials. BMC Musculoskelet Disord. 2018; 19(1): 321, doi: 10.1186/

s12891-018-2181-9, indexed in Pubmed: 30193586.

4.	 Anand A, Melvin JS. Tranexamic Acid in Hip and Knee Arthroplasty. 

J Am Acad Orthop Surg. 2016; 24(6): e59, doi: 10.5435/JAA-

OS-D-15-00708, indexed in Pubmed: 27135795.

5.	 Goldstein M, Feldmann C, Wulf H, et al. Tranexamic Acid Prophylaxis 

in Hip and Knee Joint Replacement. Dtsch Arztebl Int. 2017; 114(48): 

824–830, doi: 10.3238/arztebl.2017.0824, indexed in Pubmed: 

29249226.

6.	 George J, Eachempati KK, Subramanyam KN, et al. The comparative 

efficacy and safety of topical and intravenous tranexamic acid for 

reducing perioperative blood loss in Total knee arthroplasty- A rand-

omized controlled non-inferiority trial. Knee. 2018; 25(1): 185–191, 

doi: 10.1016/j.knee.2017.11.006, indexed in Pubmed: 29343449.

7.	 Karam JA, Bloomfield MR, DiIorio TM, et al. Evaluation of the efficacy 

and safety of tranexamic acid for reducing blood loss in bilateral 

total knee arthroplasty. J Arthroplasty. 2014; 29(3): 501–503, doi: 

10.1016/j.arth.2013.08.005, indexed in Pubmed: 24051240.

8.	 Zekcer A, Del Priori R, Tieppo C, et al. Topical vs. intravenous ad-

ministration of tranexamic acid in knee arthroplasty and prevalence 

of deep venous thrombosis: a randomized clinical trial. J Vasc Bras. 

2016; 15(2): 120–125, doi: 10.1590/1677-5449.007515, indexed in 

Pubmed: 29930576.

9.	 Yen SH, Lin PC, Chen B, et al. Topical Tranexamic Acid Reduces 

Blood Loss in Minimally Invasive Total Knee Arthroplasty Receiv-

ing Rivaroxaban. Biomed Res Int. 2017; 2017: 9105645, doi: 

10.1155/2017/9105645, indexed in Pubmed: 29410968.

10.	 Maempel JF, Wickramasinghe NR, Clement ND, et al. The pre-operative 

levels of haemoglobin in the blood can be used to predict the risk of 

allogenic blood transfusion after total knee arthroplasty. Bone Joint 

J. 2016; 98-B(4): 490–497, doi: 10.1302/0301-620X.98B4.36245, 

indexed in Pubmed: 27037431.

11.	 Aguilera X, Martínez-Zapata MJ, Hinarejos P, et al. Topical and 

intravenous tranexamic acid reduce blood loss compared to routine 

hemostasis in total knee arthroplasty: a multicenter, randomized, 

controlled trial. Arch Orthop Trauma Surg. 2015; 135(7): 1017–1025, 

doi: 10.1007/s00402-015-2232-8, indexed in Pubmed: 25944156.

12.	 Glance LG, Dick AW, Mukamel DB, et al. Association between 

intraoperative blood transfusion and mortality and morbidity in 

patients undergoing noncardiac surgery. Anesthesiology. 2011; 

114(2): 283–292, doi: 10.1097/ALN.0b013e3182054d06, indexed 

in Pubmed: 21239971.

13.	 Öztaş S, Öztürk A, Akalin Y, et al. The effect of local and systemic appli-

cation of tranexamic acid on the amount of blood loss and allogeneic 

blood transfusion after total knee replacement. Acta Orthop Belg. 

2015; 81(4): 698–707, indexed in Pubmed: 26790793.

14.	 Maniar RN, Kumar G, Singhi T, et al. Most effective regimen of 

tranexamic acid in knee arthroplasty: a prospective randomized 

controlled study in 240 patients. Clin Orthop Relat Res. 2012; 470(9): 

2605–2612, doi: 10.1007/s11999-012-2310-y, indexed in Pubmed: 

22419350.

15.	 Şahin IG, Akalin Y, Çevik N, et al. Tranexamic acid in total knee 

replacement which protocol? which application form? A prospective 

randomised study. Acta Orthop Belg. 2019; 85(4): 484–493.

16.	 Lacko M, Cellar R, Schreierova D, et al. Comparison of intravenous and 

intra-articular tranexamic acid in reducing blood loss in primary total 

knee replacement. Eklem Hastalik Cerrahisi. 2017; 28(2): 64–71, doi: 

10.5606/ehc.2017.54914, indexed in Pubmed: 28760121.

17.	 Pinsornsak P, Rojanavijitkul S, Chumchuen S. Peri-articular tranexamic 

acid injection in total knee arthroplasty: a randomized controlled trial. 

BMC Musculoskelet Disord. 2016; 17: 313, doi: 10.1186/s12891-016-

1176-7, indexed in Pubmed: 27455842.

18.	 Wong J, Abrishami A, El Beheiry H, et al. Topical application of 

tranexamic acid reduces postoperative blood loss in total knee 

arthroplasty: a randomized, controlled trial. J Bone Joint Surg Am. 

2010; 92(15): 2503–2513, doi: 10.2106/JBJS.I.01518, indexed in 

Pubmed: 21048170.

19.	 Emara WM, Moez KK, Elkhouly AH. Topical versus intravenous 

tranexamic acid as a blood conservation intervention for reduction 

of post-operative bleeding in hemiarthroplasty. Anesth Essays Res. 

2014; 8(1): 48–53, doi: 10.4103/0259-1162.128908, indexed in 

Pubmed: 25886103.

20.	 Pitta M, Zawadsky M, Verstraete R, et al. Intravenous administration 

of tranexamic acid effectively reduces blood loss in primary total knee 

arthroplasty in a 610-patient consecutive case series. Transfusion. 

2016; 56(2): 466–471, doi: 10.1111/trf.13354, indexed in Pubmed: 

26509250.

21.	 Yuan X, Li B, Wang Q, et al. Comparison of 3 Routes of Administration 

of Tranexamic Acid on Primary Unilateral Total Knee Arthroplasty:  

A Prospective, Randomized, Controlled Study. J Arthroplasty. 2017; 

32(9): 2738–2743, doi: 10.1016/j.arth.2017.03.059, indexed in 

Pubmed: 28455182.

22.	 Zhang LK, Ma JX, Kuang MJ, et al. Comparison of oral versus 

intravenous application of tranexamic acid in total knee and hip 

arthroplasty: A systematic review and meta-analysis. Int J Surg. 

2017; 45: 77–84, doi: 10.1016/j.ijsu.2017.07.097, indexed in 

Pubmed: 28755884.

23.	 Page MJ, McKenzie JE, Boyssuyt PM, et al. The PRISMA 2020 state-

ment: an updated guideline for reporting systematic reviews. BMJ. 

2021; 372(71), doi: https://doi.org/10.1136/bmj.n71.

http://dx.doi.org/10.1016/j.jse.2015.07.029
https://www.ncbi.nlm.nih.gov/pubmed/26480877
http://dx.doi.org/10.1016/j.ijsu.2017.08.009
https://www.ncbi.nlm.nih.gov/pubmed/28797918
http://dx.doi.org/10.1186/s12891-018-2181-9
http://dx.doi.org/10.1186/s12891-018-2181-9
https://www.ncbi.nlm.nih.gov/pubmed/30193586
http://dx.doi.org/10.5435/JAAOS-D-15-00708
http://dx.doi.org/10.5435/JAAOS-D-15-00708
https://www.ncbi.nlm.nih.gov/pubmed/27135795
http://dx.doi.org/10.3238/arztebl.2017.0824
https://www.ncbi.nlm.nih.gov/pubmed/29249226
http://dx.doi.org/10.1016/j.knee.2017.11.006
https://www.ncbi.nlm.nih.gov/pubmed/29343449
http://dx.doi.org/10.1016/j.arth.2013.08.005
https://www.ncbi.nlm.nih.gov/pubmed/24051240
http://dx.doi.org/10.1590/1677-5449.007515
https://www.ncbi.nlm.nih.gov/pubmed/29930576
http://dx.doi.org/10.1155/2017/9105645
https://www.ncbi.nlm.nih.gov/pubmed/29410968
http://dx.doi.org/10.1302/0301-620X.98B4.36245
https://www.ncbi.nlm.nih.gov/pubmed/27037431
http://dx.doi.org/10.1007/s00402-015-2232-8
https://www.ncbi.nlm.nih.gov/pubmed/25944156
http://dx.doi.org/10.1097/ALN.0b013e3182054d06
https://www.ncbi.nlm.nih.gov/pubmed/21239971
https://www.ncbi.nlm.nih.gov/pubmed/26790793
http://dx.doi.org/10.1007/s11999-012-2310-y
https://www.ncbi.nlm.nih.gov/pubmed/22419350
http://dx.doi.org/10.5606/ehc.2017.54914
https://www.ncbi.nlm.nih.gov/pubmed/28760121
http://dx.doi.org/10.1186/s12891-016-1176-7
http://dx.doi.org/10.1186/s12891-016-1176-7
https://www.ncbi.nlm.nih.gov/pubmed/27455842
http://dx.doi.org/10.2106/JBJS.I.01518
https://www.ncbi.nlm.nih.gov/pubmed/21048170
http://dx.doi.org/10.4103/0259-1162.128908
https://www.ncbi.nlm.nih.gov/pubmed/25886103
http://dx.doi.org/10.1111/trf.13354
https://www.ncbi.nlm.nih.gov/pubmed/26509250
http://dx.doi.org/10.1016/j.arth.2017.03.059
https://www.ncbi.nlm.nih.gov/pubmed/28455182
http://dx.doi.org/10.1016/j.ijsu.2017.07.097
https://www.ncbi.nlm.nih.gov/pubmed/28755884
http://dx.doi.org/https:/doi.org/10.1136/bmj.n71


Disaster and Emergency Medicine Journal 2022, Vol. 7, No. 3

174 www.journals.viamedica.pl

24.	 Pecold J, Al-Jeabory M, Krupowies M, et al. Tranexamic Acid for 

Shoulder Arthroplasty: A Systematic Review and Meta-Analysis. 

J Clin Med. 2021; 11(1), doi: 10.3390/jcm11010048, indexed in 

Pubmed: 35011788.

25.	 Sterne JAC, Hernán M, Reeves B, et al. ROBINS-I: a tool for assessing 

risk of bias in non-randomised studies of interventions. BMJ. 2016; 

355: i4919, doi: 10.1136/bmj.i4919.

26.	 Sterne J, Savović J, Page M, et al. RoB 2: a revised tool for assessing 

risk of bias in randomised trials. BMJ. 2019; 366: l4898, doi: 10.1136/

bmj.l4898.

27.	 McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R 

package and Shiny web app for visualizing risk-of-bias assessments. 

Res Synth Methods. 2021; 12(1): 55–61, doi: 10.1002/jrsm.1411, 

indexed in Pubmed: 32336025.

28.	 Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance 

from the median, range, and the size of a sample. BMC Med Res 

Methodol. 2005; 5: 13, doi: 10.1186/1471-2288-5-13, indexed in 

Pubmed: 15840177.

29.	 Ades AE, Lu G, Higgins JPT. The interpretation of random-effects 

meta-analysis in decision models. Med Decis Making. 2005; 25(6): 

646–654, doi: 10.1177/0272989X05282643, indexed in Pubmed: 

16282215.

30.	 Szarpak L, Lapinski M, Gasecka A, et al. Performance of Copeptin for 

Early Diagnosis of Acute Coronary Syndromes: A Systematic Review 

and Meta-Analysis of 14,139 Patients. J Cardiovasc Dev Dis. 2021; 

9(1), doi: 10.3390/jcdd9010006, indexed in Pubmed: 35050216.

31.	 Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis 

detected by a simple, graphical test. BMJ. 1997; 315(7109): 629–634, 

doi: 10.1136/bmj.315.7109.629, indexed in Pubmed: 9310563.

32.	 Begg C, Mazumdar M. Operating Characteristics of a Rank Correlation 

Test for Publication Bias. Biometrics. 1994; 50(4): 1088–1101, doi: 

10.2307/2533446.

33.	 Drosos GI, Ververidis A, Valkanis C, et al. A randomized comparative 

study of topical versus intravenous tranexamic acid administration 

in enhanced recovery after surgery (ERAS) total knee replacement. 

J Orthop. 2016; 13(3): 127–131, doi: 10.1016/j.jor.2016.03.007, 

indexed in Pubmed: 27222617.

34.	 Hegde C, Wasnik S, Kulkarni S, et al. Simultaneous bilateral computer 

assisted total knee arthroplasty: the effect of intravenous or intraar-

ticular tranexamic acid. J Arthroplasty. 2013; 28(10): 1888–1891, 

doi: 10.1016/j.arth.2013.03.018, indexed in Pubmed: 23642448.

35.	 Keyhani S, Esmailiejah AA, Abbasian MR, et al. Which Route of 

Tranexamic Acid Administration is More Effective to Reduce Blood 

Loss Following Total Knee Arthroplasty? Arch Bone Jt Surg. 2016; 

4(1): 65–69, indexed in Pubmed: 26894222.

36.	 Kyriakopoulos G, Oikonomou L, Panagopoulos A, et al. Transfusion 

rate, hospital stay and cost-effectiveness of intravenous or local 

administration of tranexamic acid in total hip and knee arthroplasty: 

A single-center randomized controlled clinical study. Orthop Rev 

(Pavia). 2019; 11(2): 7866, doi: 10.4081/or.2019.7866, indexed in 

Pubmed: 31210910.

37.	 Laoruengthana A, Rattanaprichavej P, Rasamimongkol S, et al. 

Intra-Articular Tranexamic Acid Mitigates Blood Loss and Morphine 

Use After Total Knee Arthroplasty. A Randomized Controlled Trial.  

J Arthroplasty. 2019; 34(5): 877–881, doi: 10.1016/j.arth.2019.01.030, 

indexed in Pubmed: 30755381.

38.	 López-Hualda Á, Dauder-Gallego C, Ferreño-Márquez D, et al. Efficacy 

and safety of topical tranexamic acid in knee arthroplasty. Med Clin 

(Barc). 2018; 151(11): 431–434, doi: 10.1016/j.medcli.2018.01.017, 

indexed in Pubmed: 29496242.

39.	 Maniar RN, Kumar G, Singhi T, et al. Most effective regimen of tranexam-

ic acid in knee arthroplasty: a prospective randomized controlled study 

in 240 patients. Clin Orthop Relat Res. 2012; 470(9): 2605–2612, doi: 

10.1007/s11999-012-2310-y, indexed in Pubmed: 22419350.

40.	 Mehta N, Goel N, Goyal A, et al. A prospective comparative study 

between intravenous and intraarticular tranexamic acid administration 

in decreasing the perioperative blood loss in total knee arthroplasty. 

Journal of Arthroscopy and Joint Surgery. 2019; 6(1): 70–73, doi: 

10.1016/j.jajs.2018.11.002.

41.	 Sarzaeem MM, Razi M, Kazemian G, et al. Comparing efficacy of three 

methods of tranexamic acid administration in reducing hemoglobin drop 

following total knee arthroplasty. J Arthroplasty. 2014; 29(8): 1521–1524, 

doi: 10.1016/j.arth.2014.02.031, indexed in Pubmed: 24726174.

42.	 Seo JG, Moon YW, Park SH, et al. The comparative efficacies of 

intra-articular and IV tranexamic acid for reducing blood loss during 

total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc. 2013; 

21(8): 1869–1874, doi: 10.1007/s00167-012-2079-2, indexed in 

Pubmed: 22729012.

43.	 Song EK, Seon JK, Prakash J, et al. Combined Administration of IV and 

Topical Tranexamic Acid is Not Superior to Either Individually in Primary 

Navigated TKA. J Arthroplasty. 2017; 32(1): 37–42, doi: 10.1016/j.

arth.2016.06.052, indexed in Pubmed: 27633946.

44.	 Tzatzairis TK, Drosos GI, Kotsios SE, et al. Intravenous vs Topical 

Tranexamic Acid in Total Knee Arthroplasty Without Tourniquet 

Application: A Randomized Controlled Study. J Arthroplasty. 2016; 

31(11): 2465–2470, doi: 10.1016/j.arth.2016.04.036, indexed in 

Pubmed: 27267228.

45.	 Uğurlu M, Aksekili MA, Çağlar C, et al. Effect of Topical and Intra-

venously Applied Tranexamic Acid Compared to Control Group on 

Bleeding in Primary Unilateral Total Knee Arthroplasty. J Knee Surg. 

2017; 30(2): 152–157, doi: 10.1055/s-0036-1583270, indexed in 

Pubmed: 27135960.

46.	 Wang J, Wang Q, Zhang X, et al. Intra-articular Application is More 

Effective Than Intravenous Application of Tranexamic Acid in Total 

Knee Arthroplasty: A Prospective Randomized Controlled Trial. J Arthro-

plasty. 2017; 32(11): 3385–3389, doi: 10.1016/j.arth.2017.06.024, 

indexed in Pubmed: 28697863.

47.	 Wang D, Wang HY, Cao C, et al. Tranexamic acid in primary total 

knee arthroplasty without tourniquet: a randomized, controlled trial 

of oral versus intravenous versus topical administration. Sci Rep. 

2018; 8(1): 13579, doi: 10.1038/s41598-018-31791-x, indexed in 

Pubmed: 30206267.

http://dx.doi.org/10.3390/jcm11010048
https://www.ncbi.nlm.nih.gov/pubmed/35011788
http://dx.doi.org/10.1136/bmj.i4919
http://dx.doi.org/10.1136/bmj.l4898
http://dx.doi.org/10.1136/bmj.l4898
http://dx.doi.org/10.1002/jrsm.1411
https://www.ncbi.nlm.nih.gov/pubmed/32336025
http://dx.doi.org/10.1186/1471-2288-5-13
https://www.ncbi.nlm.nih.gov/pubmed/15840177
http://dx.doi.org/10.1177/0272989X05282643
https://www.ncbi.nlm.nih.gov/pubmed/16282215
http://dx.doi.org/10.3390/jcdd9010006
https://www.ncbi.nlm.nih.gov/pubmed/35050216
http://dx.doi.org/10.1136/bmj.315.7109.629
https://www.ncbi.nlm.nih.gov/pubmed/9310563
http://dx.doi.org/10.2307/2533446
http://dx.doi.org/10.1016/j.jor.2016.03.007
https://www.ncbi.nlm.nih.gov/pubmed/27222617
http://dx.doi.org/10.1016/j.arth.2013.03.018
https://www.ncbi.nlm.nih.gov/pubmed/23642448
https://www.ncbi.nlm.nih.gov/pubmed/26894222
http://dx.doi.org/10.4081/or.2019.7866
https://www.ncbi.nlm.nih.gov/pubmed/31210910
http://dx.doi.org/10.1016/j.arth.2019.01.030
https://www.ncbi.nlm.nih.gov/pubmed/30755381
http://dx.doi.org/10.1016/j.medcli.2018.01.017
https://www.ncbi.nlm.nih.gov/pubmed/29496242
http://dx.doi.org/10.1007/s11999-012-2310-y
https://www.ncbi.nlm.nih.gov/pubmed/22419350
http://dx.doi.org/10.1016/j.jajs.2018.11.002
http://dx.doi.org/10.1016/j.arth.2014.02.031
https://www.ncbi.nlm.nih.gov/pubmed/24726174
http://dx.doi.org/10.1007/s00167-012-2079-2
https://www.ncbi.nlm.nih.gov/pubmed/22729012
http://dx.doi.org/10.1016/j.arth.2016.06.052
http://dx.doi.org/10.1016/j.arth.2016.06.052
https://www.ncbi.nlm.nih.gov/pubmed/27633946
http://dx.doi.org/10.1016/j.arth.2016.04.036
https://www.ncbi.nlm.nih.gov/pubmed/27267228
http://dx.doi.org/10.1055/s-0036-1583270
https://www.ncbi.nlm.nih.gov/pubmed/27135960
http://dx.doi.org/10.1016/j.arth.2017.06.024
https://www.ncbi.nlm.nih.gov/pubmed/28697863
http://dx.doi.org/10.1038/s41598-018-31791-x
https://www.ncbi.nlm.nih.gov/pubmed/30206267


Jaroslaw Pecold et al.,Tranexamic acid in knee arthroplasty

175www.journals.viamedica.pl

48.	 Gillette BP, Maradit Kremers H, Duncan CM, et al. Economic impact 

of tranexamic acid in healthy patients undergoing primary total hip 

and knee arthroplasty. J Arthroplasty. 2013; 28(8 Suppl): 137–139, 

doi: 10.1016/j.arth.2013.04.054, indexed in Pubmed: 23886409.

49.	 Alshryda S, Sukeik M, Sarda P, et al. A systematic review and 

meta-analysis of the topical administration of tranexamic acid 

in total hip and knee replacement. Bone Joint J. 2014; 96-B(8): 

1005–1015, doi: 10.1302/0301-620X.96B8.33745, indexed in 

Pubmed: 25086114.

50.	 Hamlin BR, DiGioia AM, Plakseychuk AY, et al. Topical versus intra-

venous tranexamic acid in total knee arthroplasty. J Arthroplasty. 

2015; 30(3): 384–386, doi: 10.1016/j.arth.2014.10.007, indexed in 

Pubmed: 25458092.

51.	 Wei H, Xiao Q, He J, et al. Effect and safety of topical application of 

tranexamic acid to reduce perioperative blood loss in elderly patients 

with intertrochanteric fracture undergoing PFNA. Medicine (Baltimore). 

2021; 100(34): e27123, doi: 10.1097/MD.0000000000027123, 

indexed in Pubmed: 34449517.

52.	 Ahlberg A, Eriksson O, Kjellman H. Diffusion of tranexamic acid 

to the joint. Acta Orthop Scand. 1976; 47(5): 486–488, doi: 

10.3109/17453677608988725, indexed in Pubmed: 998182.

53.	 Benoni G, Lethagen S, Fredin H. The effect of tranexamic acid on 

local and plasma fibrinolysis during total knee arthroplasty. Thromb. 

Res. 1997; 85(3): 195–206, doi: 10.1016/s0049-3848(97)00004-2.

54.	 Aglietti P, Baldini A, Vena LM, et al. Effect of tourniquet use on activa-

tion of coagulation in total knee replacement. Clin Orthop Relat Res. 

2000(371): 169–177, doi: 10.1097/00003086-200002000-00021, 

indexed in Pubmed: 10693564.

55.	 Fillingham YA, Ramkumar DB, Jevsevar DS, et al. The Safety of 

Tranexamic Acid in Total Joint Arthroplasty: A Direct Meta-Analy-

sis. J Arthroplasty. 2018; 33(10): 3070–3082.e1, doi: 10.1016/j.

arth.2018.03.031, indexed in Pubmed: 29699826.

56.	 Alshryda S, Sarda P, Sukeik M, et al. Tranexamic acid in total knee 

replacement: a systematic review and meta-analysis. J Bone Joint Surg 

Br. 2011; 93(12): 1577–1585, doi: 10.1302/0301-620X.93B12.26989, 

indexed in Pubmed: 22161917.

http://dx.doi.org/10.1016/j.arth.2013.04.054
https://www.ncbi.nlm.nih.gov/pubmed/23886409
http://dx.doi.org/10.1302/0301-620X.96B8.33745
https://www.ncbi.nlm.nih.gov/pubmed/25086114
http://dx.doi.org/10.1016/j.arth.2014.10.007
https://www.ncbi.nlm.nih.gov/pubmed/25458092
http://dx.doi.org/10.1097/MD.0000000000027123
https://www.ncbi.nlm.nih.gov/pubmed/34449517
http://dx.doi.org/10.3109/17453677608988725
https://www.ncbi.nlm.nih.gov/pubmed/998182
http://dx.doi.org/10.1016/s0049-3848(97)00004-2
http://dx.doi.org/10.1097/00003086-200002000-00021
https://www.ncbi.nlm.nih.gov/pubmed/10693564
http://dx.doi.org/10.1016/j.arth.2018.03.031
http://dx.doi.org/10.1016/j.arth.2018.03.031
https://www.ncbi.nlm.nih.gov/pubmed/29699826
http://dx.doi.org/10.1302/0301-620X.93B12.26989
https://www.ncbi.nlm.nih.gov/pubmed/22161917

