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Abstract
Purpose: The aim of this meta-analysis is to examine the efficacy and safety of intra-articular tranexamic acid (TXA) when
compared to intravenous (IV) route. Methods: The literature search was conducted using PubMed, Cochrane Library,
MEDLINE, EMBASE and China National Knowledge Infrastructure (CNKI). All randomized controlled trials evaluating the
effectiveness of topical route and IV route of TXA administration were included. Results: Eight randomized clinical trials
comprising of 857 patients were included in this analysis. We found no statistically significant difference in terms of total
blood loss, drain output, transfusion requirement, thromboembolic complication, tourniquet time and surgical duration.
Conclusion: Topical TXA has a similar efficacy to IV-TXA in reducing total blood loss, drain output, transfusion rate and
haemoglobin drop without any increase in thromboembolic complications.
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Introduction

Total knee arthroplasty (TKA) is one of the most effective

treatments of end-stage knee arthritis. The number of

patients who will be requiring TKA likely increases sub-

stantially in the near future due to our increasing ageing

population.1 However, this surgery may lead to consider-

able intraoperative and post-operative blood loss due to

large exposed cancellous bone.2,3 This may sometimes

require allogenic blood transfusion, which has its own

adverse effects, such as transmission of infectious disease,

immune sensitization, transfusion-related reactions, intra-

vascular haemolysis, transfusion-induced coagulopathy

and renal failure.4,5 Various measures have been tried to

decrease the bleeding and subsequently, the transfusion

requirements, such as preoperative autologous donation,

controlled hypotension, cell saver, regional anaesthesia and

use of erythropoietin and antifibrinolytics.6,7

The antifibrinolytics include aprotinin, tranexamic acid

(TXA) and e-aminocaproic acid, which have different

mechanism of action.8 TXA is a synthetic derivative of

amino acid lysine and a competitive inhibitor of plasmino-

gen activation and thus interferes with fibrinolysis.9 It is

widely used in different surgical procedures such as cardiac

surgery, upper gastrointestinal bleeding and post-partum

haemorrhage.10–13 Multiple reports have shown the

effectiveness of TXA to control bleeding in knee arthro-

plasty.14–17 However, its route of administration is still a

matter of debate.18–25 Intravenous (IV) route of adminis-

tration can lead to various systemic complications such as

deep vein thrombosis (DVT)/pulmonary embolism (PE).26–29

Topical application of TXA has been proposed to decrease
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these adverse effects. The available studies on this topic have

shown mixed results, hence the need for this meta-analysis.

The aim of this meta-analysis is to compare the effec-

tiveness and safety of topical and IV route of TXA admin-

istration in TKA.

Materials and methods

This study was conducted in accordance with the guide-

lines described in accordance with the guidelines described

in the Cochrane handbook for systematic review and meta-

analysis of interventions and also met the reporting guide-

lines outlined in PRISMA.

Criteria of eligibility

Studies selected were randomized controlled trials (RCTs)

comparing topical TXA with IV-TXA in primary TKA that

fulfilled the following inclusion criteria: (1) studies

enrolled adult patients undergoing a primary TKA regard-

less of the aetiology; (2) full text of each article was avail-

able and (3) conference abstracts were included if sufficient

data were provided. Patients on anticoagulation agents and

patients with bleeding disorders were excluded.

Search strategy

Two of the authors searched the PubMed, MEDLINE,

EMBASE, China National Knowledge Infrastructure

(CNKI) and the Cochrane Library, to retrieve all available

relevant articles, using the terms tranexamic acid, Cyklo-

kapron, antifibrinolytic, topical, intra-articular, knee

arthroplasty and knee replacement. The bibliographies of

identified articles, including relevant reviews and meta-

analyses, were manually searched for potential eligible

reports. No language restrictions were set during search

process. The following websites were searched to identify

unpublished and ongoing studies: Current Controlled Trials

(www.controlled-trials. com); Centre Watch (www.center

watch.com); US Clinical Trials (http://clinicaltrials.gov);

Trials Central (www.trialscentral.org); the UK National

Research Register (http://www.nihr.ac.uk); the Cochrane

Central Register of Controlled Trials (CENTRAL) (http://

www.thecochranelibrary.com).

Extraction of data

Each retrieved citation was reviewed by two authors. Most

citations could be excluded on the basis of information

provided by their respective title or abstract. Otherwise, the

complete manuscript was obtained and carefully scruti-

nized by the two reviewers. Any disagreements were

resolved with consensus.

Outcome measurements

The primary outcomes were total blood loss and maximum

fall in haemoglobin. The secondary outcomes were blood

loss from drain, number of patients who received blood

transfusion, number of blood units transfused, thromboem-

bolic complications, tourniquet time and surgical duration.

Study quality

All studies were reviewed by two independent reviewers

using the Jadad score.30 A scale of 0 (very poor) to 5

(rigorous) was used to assess the methodological strength

of studies. Any conflicts were resolved by consensus. Stud-

ies with a Jadad score of 1 were considered poor, scores of

2 were considered adequate and a score of 3 or higher was

considered a high quality.

Statistical analysis

The meta-analysis programme of the Cochrane Collabora-

tion (Review Manager 5.3) was utilized for quantitative

analysis of data, using the inverse variance statistical

method and either a fixed or random effects model, depend-

ing on the absence or presence of statistical heterogeneity,

accordingly. Dichotomous outcome data were summarized

using risk ratio (RR) and 95% confidence intervals (95%
CIs). Continuous outcomes were summarized using the

weighted mean differences and respective 95% CIs.

The results of each component study as well as the sum-

marized estimate of effect size were presented graphically

as forest plots. Statistical heterogeneity across all compo-

nent studies was investigated with Cochran’s chi-square

test (Q test) and I2 test. Significance was set at 0.1 for the

Q test. When using I2 test, heterogeneity was interpreted as

absent (I2: 0–25%), low (I2: 25.1–50%), moderate (I2:

50.1–75%) or high (I2: 75.1�100%).

Funnel plots for main outcomes of interest (total blood

loss and Hb drop) were generated to evaluate potential

publication bias.

Results

A total of 321 abstracts and titles with 857 patients were

reviewed. Of these, eight satisfied the eligibility criteria

and were included in the analysis. A flow chart is provided

in Figure 1. One study18 had four IV groups depending on

the dosage and another study23 had two topical groups

depending on the dosage and method of TXA administra-

tion. These groups were analyzed separately, resulting ulti-

mately in 12 component studies for the analysis. The

characteristics of the study are summarized in Table 1. The

quality of the studies was assessed using the Jadad scoring

system (Table 2); four trials were high-quality RCTs with

scores no less than three points.
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Blood loss

Total blood loss data were provided by 12 component stud-

ies. There was no statistically significant difference in total

blood loss in the topical group compared with the intra-

articular group (Mean difference (MD): 1.64, 95% CI:

109.98–113.27, p ¼ 0.98). However, a significantly high

heterogeneity was present between the studies (I2 ¼ 94%,

p < 0.001). Seven component studies provided data on blood

loss from drain. There was no statistically significant differ-

ence in between the two groups (MD: 9.59, 95% CI:

�49.71–68.88). A significantly high heterogeneity was pres-

ent between the studies (I2 ¼ 88, p < 0.00001; Figure 2).

Change in haemoglobin

Change in haemoglobin was mentioned in seven compo-

nent studies. The use of topical route leads to increased fall

in Hb (MD: 0.50, 95% CI: 0.04–0.96). However, this was

not statistically significant. There was a high heterogeneity

between various studies (I2 ¼ 94%, p < 0.00001; Figure 3).

Blood transfusion

All component studies provided data on the number of

patients transfused with allogenic blood. There was no sig-

nificant difference in between the two groups (RR: 1.06,

95% CI: 0.74–1.50, p ¼ 0.96) in the absence of statistical

heterogeneity (p ¼ 0.25, I2 ¼ 19%). Five component stud-

ies presented data on the number of units transfused. There

was no significant difference in terms of the number of

units transfused (RR: 5.10, 95% CI: 0.36–71.34, p ¼
0.23). Heterogeneity between the studies was significantly

high (I2 ¼ 83%, p ¼ 0.0006) (Figure 4).

Thromboembolic complications

Eleven component studies provided data on thromboem-

bolic complications. Out of these, eight studies have no

thromboembolic complications and hence they couldn’t

be analyzed. There was no statistically significant hetero-

geneity between the studies (p ¼ 0.37, I2 ¼ 0%). The data

analysis revealed no statistical difference in the risk of

developing thromboembolic complications based on three

studies (RR: 2.25, 95% CI: 0.59–8.59, p ¼ 0.23; Figure 5).

Tourniquet time

Eight component studies reported tourniquet time. There

was no statistically significant difference between the two

groups (MD: 1.00, 95% CI: 0.72–2.72, p ¼ 0.15).

Surgical duration

Six studies reported on surgical duration. There was no

statistically significant difference between the two groups

(MD: 1.98, 95% CI: 0.23–4.20, p ¼ 0.08).

Discussion

The efficacy of TXA to reduce bleeding in knee arthro-

plasty has been well established in the literature. The route

of administration can be IV, intramuscular (IM), oral and

intra-articular.31 Maximum plasma concentration of TXA

is reached within 5–15 min after IV injection, 30 min after

IM injection and 2 h after oral tablets.32,33 Compared with

the IV-TXA in TKA, topical TXA was considered to be of

less systemic absorption and better local effect. Thus, a

growing number of studies have focused on the topical

application of TXA in TKA and the results are promising.22

Our meta-analysis showed that, in overall comparison,

there was no statistically significant difference in total

blood loss, drain output, transfusion requirements and

thromboembolic complications when comparing topical

TXA and IV-TXA in primary TKA

The potential mechanism and advantage of topical

application of TXA into the surgical field is to directly

target the site of bleeding just before wound closure, but

after operative haemostasis has been achieved, thus attenu-

ating the marked increase in local fibrinolysis associated

with a release of the tourniquet. Such inhibited local fibri-

nolytic activity will help to prevent fibrin clot dissolution

and increase its volume and strength at the surgical surfaces

and therefore, enhance microvascular haemostasis.

Figure 1. Flow chart showing the selection of studies.
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Most intravenous regime of tranexamic acid requires it

to be given in a minimum of two doses. Maniar et al. noted

that a single regimen of TXA cannot be recommended as

the most effective regimen.18 In his study, local intraopera-

tive application produced reduction in total blood loss

when compared with the control, whereas a single intrave-

nous intraoperative dose did not. Soni et al. concurred with

Maniar et al. and concluded that intra-articular regimen of

TXA is as effective as three doses IV regimen in preventing

blood loss without any difference in thromboembolic com-

plications.22 It is easier for surgeons to administer a single

topical TXA dose rather than the two IV doses often admi-

nistered by the anaesthesiologist.

Post-operative anaemia can be an important problem

that could lead to increased morbidity and mortality and

an increased duration of stay in the hospital. There was a

tendency in our meta-analysis of more Hb drop with topical

TXA as compared to intravenous group. However, this

difference did not reach statistical significance. Seo et al.

and Sarzaeem et al. in their study noted decreased post-

operative Hb drop with intravenous administration as com-

pared to intra-articular administration.20,23

More blood units were transfused in the topical group

(27/219) than in the intravenous group (14/219), but this

difference did not reach statistical significance. Out of all

the studies included in this analysis, only one study25 com-

prised of all the blood units transfused in intravenous group,

that is, 14 units in 30 patients. If this study was excluded

from the analysis, then there was statistically significant risk

of blood transfusion in the topical group. Wind et al. com-

pared the two forms of TXA and reported decreased transfu-

sion requirements with both forms of TXA compared to

placebo.34 Similarly, Ishida et al. reported intra-articular

administration of TXA not only decreased blood loss but

also decreased joint swelling after TKA.35

The right dosage and appropriate method of TXA appli-

cation are still not clear. Most authors use a dose, ranging

from 1.5 g to 3 g in 100 ml Normal Saline (NS). Jang et al.,

in their retrospective study about intra-articular injection of

TXA, found that reduction in haemoglobin levels was sig-

nificantly greater in placebo group than in 1500 mg TXA

group and the 3000 mg group, with a significant difference

between the two TXA groups, so they suggested a dose-

dependent effect of TXA on blood loss.36 Panteli et al. in

their meta-analysis noted that 2 g was more effective in

terms of transfusion requirements.37 The method of topical

application varies among the studies. There is no consensus

on the most appropriate method of topical application. Sar-

zaeem et al. compared two different methods of topical

Table 1. Characteristics of included study.

Authors

Total number of
patients Age M:F ratio Intervention

Topical IV Topical IV Topical IV Topical IV

Aguilera et al.24 5050 72.5372.49 32/1838/12 1 g in 10 ml saline, before closure
Two doses of 1 g IOPO

Gomez-Barrena
et al.21

3939 71.870.1 13/2614/25 3 g in 100 ml saline, half before 15 mg/kg in 100 ml NS IOPO
Closure and half after closure

Digas et al.25 3030 7170 7/232/28 2 g after skin closure 15 mg/kg IO
Maniar et al.18 40,160 67.467.4 34/636/124 3 g in 100 ml saline, 5 min before 10 mg/kg – one dose as IO

Tourniquet release, drain clamped for 2 h – two doses as IOPO
four groups
–Two doses as POIO
–Three doses as POIOPO

Patel et al.19 4742 64.864.9 13/3410/32 2 g in 100 ml NS, 2 min before 10 mg/kg IO
Tourniquet release

Sarzaeem et al.23 10,050 67.866.9 13/877/43 1.5 g in 100 ml NS, injected 1.5 g in 100 ml NS PO through drain after
closure two groups

3 g in 100 ml NS, 5 min before suturing
Seo et al.20 5050 67.566.8 5/456/44 1.5 g in 100 ml NS, while suturing 1.5 g in 100 ml NS PO
Soni et al.22 4040 69.469.05 17/219/21 3 g in 100 ml NS, 5 min before 10 mg/kg in three doses (POIOPO)

Tourniquet release, drain clamped for 2 h

NS: Normal saline; IO: intraoperative intrevenous device; POIO: intraoperative intravenous dose with an additional preoperative dose; IOPO:
Intraoperative intravenous dose with an additional postoperate dose; POIOPO: all three doses.

Table 2. The Jadad assessment of quality of studies.a

The Jadad assessment of quality

Was the study described as random?
Was the randomization scheme described and appropriate?
Was the study described as double blind?
Was the method of double blinding appropriate? (Were both the

patient and the assessor appropriately blinded?)
Was there a description of dropouts and withdrawals?

aAll answers scored 1 for yes and 0 for no.
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TXA administration, through drain or irrigation of the knee

joint. They found that intra-articular administration of TXA

through drain decreased drainage volume by 45% and irri-

gation of the knee joint with TXA decreased it by 14%
when compared to the control group.23

In spite of the significant literature support for the

use of TXA in TKA, many common medical conditions,

including renal insufficiency, history of previous DVT

and cardiac and cerebrovascular disease, may preclude

the use of IV-TXA at the time of surgery. These same

contraindications may not apply to the topical use of

TXA, perhaps due to the presumed delay in systemic

absorption after application into the knee joint. Wong

et al. measured plasma concentration of TXA after

intravenous injection and topical administration.38 They

found plasma levels of TXA following topical

Figure 2. Forest plot of blood loss.

Figure 3. Forest plot of change in haemoglobin.

Figure 4. Forest plot of blood transfusion.
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administration were significantly (70%) less than an equiv-

alent dose of intravenous injections. Topical TXA may be

helpful in patients with contraindications to systemic TXA,

as absorption from the joint is clinically negligible.38

TXA carries a risk of thrombosis, although this has not

been proven clinically. We concur with other authors

regarding the safety of TXA irrespective of the chosen

route. Our analysis did not demonstrate increased risks of

DVT or PE. A total of four documented cases of DVT were

seen out of 857 patients. In one study, Seo et al.20 reported

three cases of DVT were in the topical group and no cases

in the intravenous group. However, this study also reported

two cases of DVT in the placebo group. There was no case

of PE in any of the included studies. Nonetheless, uncer-

tainty still remains because of the difference of DVT and

PE screening. Many studies have evaluated only sympto-

matic DVT and PE. The number of asymptomatic DVT and

PE events needs to be evaluated as well. Furthermore, the

small number of patients involved also prevented us from

drawing an accurate conclusion. Considering the above

factors, these findings require further confirmation.

Some authors have reported that combining intravenous

and topical TXA is more effective than either regimen used

alone.39 The topical application combined with povidone–

iodine solution or epinephrine has also shown promising

results in terms of lower blood loss and higher post-

operative haemoglobin levels.40,41,42

The main strength of our meta-analysis is that it

included only RCTs. However, there are several limita-

tions. First, the dosage and the method of application vary

in each study. Second, there was significant heterogeneity

between the various studies. Third, there was no uniformity

on tourniquet application and drain clamping.

Conclusion

In conclusion, topical administration of TXA had compara-

tive efficacy to intravenous administration on reducing

total blood loss, drain output, blood transfusion and hae-

moglobin drop, without any increase in thromboembolic

complications. However, studies with more uniform dose

and technique of application are required to establish the

most effective regimen and technique.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this

article.

Funding

The author(s) received no financial support for the research,

authorship and/or publication of this article.

References

1. Kurtz S, Ong K, Lau E, et al. Projections of primary and

revision hip and knee arthroplasty in the United States from

2005 to 2030. J Bone Joint Surg Am 2007; 89(4):780–785.

2. Prasad N, Padmanabhan V and Mullaji A. Blood loss in total

knee arthroplasty: an analysis of risk factors. Int Orthop

2007; 31(1): 39–44.

3. Cushner FD and Friedman RJ. Blood loss in total knee arthro-

plasty. Clin Orthop Relat Res 1991; 269: 98–101.

4. Bower WF, Jin L, Underwood MJ, et al. Peri-operative blood

transfusion increases length of hospital stay and number of

postoperative complications in non-cardiac surgical patients.

Hong Kong Med J 2010; 16(2): 116–120.

5. Spahn DR. Anemia and patient blood management in hip and

knee surgery: a systematic review of the literature. Anesthe-

siology 2010; 113(2): 482–495.

6. Rajesparan K, Biant LC, Ahmad M, et al. The effect of an

intravenous bolus of tranexamic acid on blood loss in total hip

replacement. J Bone Joint Surg Br 2009; 91(6): 776–783.

7. Zohar E, Ellis M, Ifrach N, et al. The postoperative blood-

sparing efficacy of oral versus intra-venous tranexamic acid

after total knee replacement. Anesth Analg 2004; 99(6):

1679–1683.

Figure 5. Forest plot of thromboembolic complications.

6 Journal of Orthopaedic Surgery 25(1)



8. Ortmann E, Besser MW and Klein AA. Antifibrinolytic

agents in current anaesthetic practice. Br J Anaesth 2013;

111(4): 549–563.

9. Eubanks JD. Antifibrinolytics in major orthopaedic surgery. J

Am Acad Orthop Surg 2010; 18(3): 132–138.

10. Mongan PD, Brown RS and Thwaites BK. Tranexamic acid

and aprotinin reduce postoperative bleeding and transfusions

during primary coronary revascularization. Anesth Analg

1998; 87(2): 258–265.

11. Boylan JF, Klinck JR, Sandler AN, et al. Tranexamic acid

reduces blood loss, transfusion requirements, and coagulation

factor use in primary orthotopic liver transplantation.

Anesthesiology 1996; 85(5): 1043–1048.

12. Wellington K and Wagstaff AJ. Tranexamic acid: a review of

its use in the management of menorrhagia. Drugs 2003;

63(13): 1417–1433.

13. Ipema HJ and Tanzi MG. Use of topical tranexamic acid or

aminocaproic acid to prevent bleeding after major surgical

procedures. Ann Pharmacother 2012; 46(1): 97–107.

14. Gandhi R, Evans HM, Mahomed SR, et al. Tranexamic acid

and the reduction of blood loss in total knee and hip arthro-

plasty: a meta-analysis. BMC Res Notes 2013; 6: 184.

15. Tan J, Chen H, Liu Q, et al. A meta-analysis of the effec-

tiveness and safety of using tranexamic acid in primary

unilateral total knee arthroplasty. J Surg Res 2013; 184(2):

880–887.

16. 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.

17. Sa-Ngasoongsong P, Channoom T, Kawinwonggowit V,

et al. Postoperative blood loss reduction in computer-

assisted surgery total knee replacement by low dose intra-

articular tranexamic acid injection together with 2-hour

clamp drain: a prospective triple-blinded randomized con-

trolled trial. Orthop Rev 2011; 3(2): e12.

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

of tranexamic acid in knee arthroplasty: a prospective rando-

mized controlled study in 240 patients. Clin Orthop Relat Res

2012; 470(9): 2605–2612.

19. Patel JN, Spanyer JM, Smith LS, et al. Comparison of intra-

venous versus topical tranexamic acid in total knee arthro-

plasty: a prospective randomized study. J Arthroplasty 2014;

29(8): 1080–1083.

20. Seo JG, Moon YW, Park SH, et al. The comparative effica-

cies 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.

21. Gomez-Barrena E, Ortega-Andreu M, Padilla-Eguiluz NG,

et al. Topical intra-articular compared with intravenous tra-

nexamic acid to reduce blood loss in primary total knee

replacement: a double-blind, randomized, controlled, nonin-

feriority clinical trial. J Bone Joint Surg Am 2014; 96(23):

1937–1944.

22. Soni A, Saini R, Gulati A, et al. Comparison between intra-

venous and intra-articular regimens of tranexamic acid in

reducing blood loss during total knee arthroplasty. J Arthro-

plasty 2014; 29(8): 1525–1527.

23. Sarzaeem MM, Razi M, Kazemian G, et al. Comparing effi-

cacy of three methods of tranexamic acid administration in

reducing hemoglobin drop following total knee arthroplasty.

J Arthroplasty 2014; 29(8): 1521–1524.

24. Aguilera X, Martı́nez-Zapata MJ, Hinarejos P, et al. Topi-

cal and intravenous tranexamic acid reduces hemostasis in

total knee arthroplasty: a multicentre randomized con-

trolled trial. Arch Orthop Trauma Surg 2015; 135(7):

1017–1025.

25. Digas G, Koutsogiannis I, Meletiadis G, et al. Intra-articular

injection of tranexamic acid reduces blood loss in cemented

total knee arthroplasty. Eur J Orthop Surg Traumatol 2015;

25(7): 1181–1188.

26. Gybel M, Kristensen K and Roseva-Nielsen N. Cardiac arrest

caused by massive pulmonary embolism during treatment

with tranexamic acid. Ugeskr Laeger 2013; 175(20):

1426–1427.

27. Taparia M, Cordingley FT and Leahy MF. Pulmonary

embolism associated with tranexamic acid in severe

acquired haemophilia. Eur J Haematol 2002; 68(5):

307–309.

28. Krivokuca I and Lammers JW. Recurrent pulmonary embo-

lism associated with a hemostatic drug: tranexamic acid. Clin

Appl Thromb Hemost Off J Int Acad Clin Appl Thromb

Hemost 2011; 17(1): 106–107.

29. Bruce-Brand R, Dragomir R, Baker J, et al. Cerebrovascular

infarction following bilateral total knee arthroplasty and tra-

nexamic acid administration. Acta Orthop Belg 2013; 79(3):

351–354.

30. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality

of reports of randomized clinical trials: is blinding necessary?

Control Clin Trials 1996; 17: 1–2.

31. Tanaka N, Sakahashi H, Sato E, et al. Timing of the admin-

istration of tranexamic acid for maximum reduction in blood

loss in arthroplasty of the knee. J Bone Joint Surg Br 2001;

83: 702.

32. Sano M, Hakusui H, Kojima C, et al. Absorption and excre-

tion of tranexamic acid following intravenous, intramuscular

and oral administrations in healthy volunteers. Jpn J Clin

Pharmacol Ther 1976; 7: 375.

33. Benoni G, Bjorkman S and Fredin H. Application of pharma-

cokinetic data from healthy volunteers for the prediction of

plasma concentrations of tranexamic acid in surgical patients.

Clin Drug Investig 1995; 10: 280.

34. Wind TC, Barfield WR and Moskal JT. The effect of tra-

nexamic acid on blood loss and transfusion rate in primary

total knee arthroplasty. J Arthroplasty 2013; 28(7):

1080–1083.

35. Ishida K, Tsumura N, Kitagawa A, et al. Intra-articular injec-

tion of tranexamic acid reduces not only blood loss but also

knee joint swelling after total knee arthroplasty. Int Orthop

2011; 35(11): 1639–1045.

36. Jang B, Kao M, Bohm MT, et al. Intra-articular injection

of tranexamic acid to reduce blood loss after total knee

Meena et al. 7



arthroplasty. J Orthop Surg (Hong Kong) 2014; 22:

146–149.

37. Panteli M, Papakostidis C, Dahabreh Z, et al. Topical tra-

nexamic acid in total knee replacement: a systematic review

and meta-analysis. Knee 2013; 20(5): 300–309.

38. Wong J, Abrisham iA, El Beheiry H, et al. Topical applica-

tion of tranexamic acid reduces postoperative blood loss in

total knee arthroplasty: a randomized, controlled trial. J Bone

Joint Surg Am 2010; 92(15): 2503.

39. Lin SY, Chen CH, Fu YC, et al. The efficacy of combined use

of intraarticular and intravenous tranexamic acid on reducing

blood loss and transfusion rate in total knee arthroplasty.

J Arthroplasty 2015; 30(5):776–780.

40. Carvalho LH Jr, Frois Temponi E, Machado Soares LF, et al.

Bleeding reduction after topical application of tranexamic

acid together with Betadine solution in total knee arthro-

plasty. A randomised controlled study. Orthop Traumatol

Surg Res 2015; 101(1): 83–87.

41. Gao F, Sun W, Guo W, et al. Topical administration of tra-

nexamic acid plus diluted-epinephrine in primary total knee

arthroplasty: a randomized double-blinded controlled trial. J

Arthroplasty 2015; 30(8): 1354–1358.

42. Wang H, Shen B and Zeng Y. Comparison of topical

versus intravenous tranexamic acid in primary total knee

arthroplasty: a meta-analysis of randomized controlled

and prospective cohort trials. Knee 2014; 21(6): 987–993.

8 Journal of Orthopaedic Surgery 25(1)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


