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Abstract: Significant blood loss during total knee replacement (TKR) surgery is a major concern, with tranexamic acid (TXA)
commonly used to reduce it. This study compares the efficacy of topical versus intravenous TXA in minimizing blood loss in primary
TKR. Obijective: To compare the efficacy of topical versus intravenous tranexamic acid in minimizing blood loss in primary total
knee replacement surgery. Methods: This prospective randomized controlled trial was conducted at the Department of
Orthopedics, CMH Rawalpindi, Pakistan in the duration from December 2023 to May 2024 to compare the efficacy of intravenous
and intra-articular Tranexamic Acid (TXA) in primary total knee replacement (TKR) patients. 120 adult patients with primary knee
osteoarthritis were randomly assigned to two groups: Group A (IV TXA) received 15 mg/kg TXA intravenously twice, and Group
B (1A TXA) received 2 grams of TXA intra-articularly. Exclusion criteria included conditions like hepatitis B or C, TXA allergy,
and severe medical histories such as thromboembolic events. Surgeries were performed by a single consultant orthopedic surgeon
using a mid-vastus approach and cemented prosthesis, with standardized postoperative care, including drain management and
rehabilitation exercises. Data on drain output, hemoglobin levels, and transfusion requirements were collected and analyzed using
SPSS version 23, with statistical significance set at p < 0.05. Ethical approval and informed consent were obtained before the
study. Results: In this study involving 120 patients undergoing total knee replacement (TKR), participants were evenly divided into
Group A (Intravenous TXA) and Group B (Topical TXA). Both groups were comparable in demographics, procedural
characteristics, and co-morbidities, ensuring balanced baseline conditions. Results showed that while Group B exhibited
significantly less blood loss on Day 1 post-surgery (p = 0.15), there were no significant differences in immediate post-surgery
blood loss, hemoglobin levels, or the need for transfusions. Postoperative complications, hospital stay length, and patient
satisfaction were similar between the groups. Group B showed a trend towards a shorter hospital stay and better range of motion
at six weeks. Conclusion: Our research demonstrates that topical and intravenous Tranexamic Acid (TXA) is equally effective in
reducing intraoperative and postoperative blood loss in primary total knee replacement (TKR). No significant differences were
observed between the two methods regarding hemoglobin level changes, transfusion rates, blood loss, complications, hospital stay
duration, patient satisfaction, or functional outcomes. However, topical TXA offers advantages such as local application, enhanced
safety, and ease of administration. These findings support the TXA delivery method based on patient preferences and
characteristics, providing flexibility in clinical practice for managing blood loss in TKR.
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Introduction
Tranexamic Acid (TXA) emerging as a promising agent.

In recent years, the global rise in life expectancy has
resulted in a significant increase in osteoarthritis cases, with
the knee joint being the most frequently affected. (1)
Patients suffering from osteoarthritis experience severe
disruptions in daily life due to joint pain that worsens with
activity, stiffness, and reduced functional capacity. (2) For
people with severe knee osteoarthritis, total knee
replacement (TKR) is generally considered an effective way
to improve mobility and relieve pain. (3) Nevertheless, there
are significant drawbacks to TKR, most notably the
potential for significant perioperative blood loss (up to 1800
ml). This level of blood loss can significantly impact patient
morbidity and mortality, especially since most TKR patients
are elderly. (4, 5)

Blood transfusions are commonly required to compensate
for this blood loss. Still, they carry risks such as allergic
reactions, cardiovascular strain, and the potential
transmission of infections like HIV. (6) To address these
concerns, various strategies have been investigated to
minimize intraoperative and postoperative bleeding, with

TXA, a synthetic lysine derivative, works by inhibiting
fibrinolysis, which breaks down blood clots, thereby
promoting clot stability and reducing blood loss. (7)
Extensive research has evaluated intravenous(1V) and intra-
articular(topical) administration of TXA in TKR
procedures. (8) IV TXA is often favored due to its proven
efficacy in minimizing blood loss and the necessity for
transfusions while maintaining a good safety profile without
increasing the risk of infections or thromboembolic events.
(9) Intra-articular TXA, administered directly at the surgical
site, has proven to be even more effective in lowering
postoperative blood loss due to its higher localized
concentration and reduced systemic absorption, which
decreases the risk of thromboembolic complications. (10)
Despite the demonstrated benefits of TXA, there remains
ongoing debate regarding the optimal dosage and
administration regimen. The challenge lies in balancing the
reduction of transfusion requirements with the risk of
thrombotic events, particularly in patients with pre-existing
cardiovascular conditions. This study aims to compare the
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effectiveness of intravenous and intra-articular TXA in
primary TKR patients, evaluating outcomes such as
hemoglobin levels, transfusion needs, and drain output to
optimize TXA use and improve patient safety and outcomes
in TKR procedures.

OBJECTIVE

To compare the efficacy of topical versus intravenous
tranexamic acid in minimizing blood loss in primary total
knee replacement surgery.

Methodology

Study Design and Setting

This prospective randomized controlled trial was carried out
at the Department of Orthopedics, CMH Rawalpindi,
Pakistan, from December 2023 to May 2024, after obtaining
approval from the hospital's ethical committee.

Participant Selection Criteria

Participants in the trial had to be adults (18 years of age and
older) with primary knee osteoarthritis that required
complete knee replacement. Conditions including hepatitis
B or C, a history of knee replacement surgery, a TXA
allergy, a history of antiplatelet consumption, and severe
medical histories such as thromboembolic events or
cardiovascular diseases were among the exclusion criteria.
Sample Size Calculation and Randomization

One hundred twenty patients made up the sample size with
a 95% confidence interval and 80% study power, estimated
with Open Epi version 3.04. A software-generated random
number list was used to randomly assign participants who
met the inclusion criteria into groups A and B, each with 60
participants.

Surgical Procedures

Under spinal anesthesia, a single consultant orthopedic
surgeon undertook all procedures utilizing a mid-vastus
route and total knee cemented prosthesis substituting the
posterior cruciate ligament. Surgical procedures included
limb exsanguination with an Esmarch bandage followed by
tourniquet application at 350 mmHg pressure.

Intervention Methods

Group A (Intravenous TXA):

TXA was given intravenously to the patients twice at a dose
of 15 mg per kg body weight, diluted in 10 ml of normal
saline. Two doses were given: one 15 minutes before

Table 1: Demographic Characteristics at Baseline
Variable

Mean Age + SD (years)
Mean Body Mass Index + SD (kg/m?)
The mean duration of surgery + SD (minutes)

Furthermore, Table 2 compares the gender distribution and
the operated knee side between the groups. There were 52
males and 68 females overall, with 27 males and 33 females
in Group A and 25 males and 35 females in Group B. The
distribution of operated sides showed 31 cases on the right
knee and 29 on the left knee in Group A, whereas 29 cases
on the left knee and 31 cases on the right knee in Group B.
Statistical analysis indicated no significant differences in
gender distribution (p = 0.92) or operated knee side (p =
0.71) between hoth the groups. This balance in demographic
and surgical characteristics helps ensure that any observed

tourniquet inflation and the other 15 minutes following
deflation.

Group B (Intra-articular TXA):

Patients received 2 grams of TXA diluted in 200ml normal
saline via intra-articular injection immediately after wound
closure.

Postoperative Management

A 12-gauge drain was placed in each wound postoperatively
and removed after 48 hours, with drain output recorded at
12-hour intervals. Blood transfusion was initiated if
postoperative hemoglobin levels fell below 8.0g/dl.
Standardized rehabilitation included ankle pump exercises
starting immediately after surgery and continuous passive
motion exercises from the second postoperative day, with
discharge planned for the seventh postoperative day.

Data Collection and Statistical Analysis

SPSS version 23 was used to analyze the data gathered using
a pre-formed proforma. Descriptive statistics were used to
summarize baseline characteristics. Baseline homogeneity
was evaluated using chi-square and independent samples t-
tests; non-parametric tests, such as the Mann-Whitney U
test, were used for variables that were not normally
distributed (p < 0.05 was deemed statistically significant).
Ethical Considerations

Informed consent was obtained from all participants in
compliance with ethical principles, while ethical approval
was also obtained for this study beforehand.

Results

An overall 120 participants were included in this study,
categorized into Group A (Intravenous TXA) and Group B
(Topical TXA), each comprising 60 patients. Table 1 shows
the demographic and procedural characteristics of both
groups. There were no statistically significant differences
observed in mean age (62.1 years in Group A vs. 61.5 years
in Group B, p = 0.68), mean body mass index (26.1 kg/m?
vs. 25.8 kg/mz?, p = 0.54), and mean duration of surgery
(82.5 minutes vs. 83.2 minutes, p = 0.49) between the two
groups. These findings suggest that at baseline, both groups
were comparable in age, body mass index, and duration of
surgery, minimizing potential confounding factors in the
study.

Group A Group B (Topical p-value
(Intravenous TXA) TXA)
N=60 N=60
62.1+6.9 615+7.2 0.68
26.1+£2.7 25.8+25 0.54
825+3.8 83.2+41 0.49

differences in treatment outcomes can be attributed more
reliably to the type of TXA administration rather than
demographic or procedural factors. This graphical
presentation, depicted in Figure 1, shows the prevalence of
diabetes, hypertension, and cardiac disease among patients
in both study groups. In Group A, 30% had diabetes, 41%
had hypertension, and 6% had cardiac disease. Group B's
figures were 32%, 39%, and 9%, respectively. The
similarity in co-morbidity percentages between the groups
suggests a balanced distribution of underlying health
conditions relevant to surgical outcomes.
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Table 2: Distribution of Cases according to Gender and Operated Knee Side

Variable Subsets Group A (Intravenous Group B (Topical TXA) Total (N=120) p-value
TXA) N=60
N=60
Gender Male 27 25 52 0.92
Female 33 35 68
Operated Right Knee 31 (51.7%) 29 (48.3%) 60 (100%) 0.71
Side Left Knee 29 (48.3%) 31 (51.7%) 60 (100%)
B Group A (Intravenous TXA) N=60 B Group B (Intra-articular TXA) N=60
O\G o
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Figure 1: Distribution of Co-morbid conditions within study groups
Table 3 presents the comparison focused on various Regarding  postoperative  complications, rates of

measures related to surgical recovery and outcomes. In
terms of blood loss, Group B showed significantly less
blood loss at Day 1 post-surgery compared to Group A (p =
0.15). However, there was no significant difference
immediately post-surgery (p = 0.72). Hemoglobin levels
preoperatively and at Day 1 postoperatively did not differ
significantly between the groups (p = 0.82 and p = 0.49,
respectively). The need for blood transfusion also showed
no significant difference (p = 0.30), indicating similar
management of perioperative blood loss between the
groups.

Table-3: Postoperative Outcomes

thromboembolic events (p = 0.36) and infections (p = 0.63)
were comparable between Group A and Group B. Length of
hospital stay was slightly shorter in Group B (p = 0.09),
suggesting a potential benefit of Topical TXA in reducing
hospitalization duration. Functional outcomes at six weeks
showed a trend towards better range of motion in Group B
(p = 0.08), while pain scores were similar between the
groups (p = 0.57). Patient satisfaction did not significantly
differ (p = 0.41), indicating comparable overall satisfaction
with the surgical outcomes.

Outcome Measure Subsets Group A Group B (Topical p-value
(Intravenous TXA) TXA)
N= 60 N=60
Blood Loss Intraoperative (mL), Immediate 42.55 + 24.32 44.86 + 27.65 0.72
(Mean £ SD) Postoperative (mL), on Day-1 200.94 +40.77 180.66 + 65.25 0.15
Hemoglobin Levels Preoperative 135+£1.75 134+1.81 0.82
(g/dL) Postoperative, at Day-1 11.8 £0.97 11.6 £0.93 0.49
Need for Blood Transfusion 1 (1.66%) 3 (5%) 0.30
Postoperative Thromboembolic Events 1 (1.66%) 0 (0%) 0.36
Complications Infections 2 (3.33%) 1 (1.66%) 0.63
Length of Hospital Stay, Mean (Range) 4 (3-6) days 3.5 (3-5) days 0.09
Functional Outcomes = Range of Motion (degrees) at six weeks 110+5.5 115+3.8 0.08
Pain Scores (VAS¥*) at six weeks 25+0.7 23+1.0 0.57
Patient Satisfaction (%) 85% 90% 0.41

*VAS= visual analog scale (0-10)
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Discussion

Our study provides an in-depth analysis of the effectiveness
of intravenous and topical Tranexamic Acid (TXA) in
minimizing blood loss and improving outcomes in patients
undergoing total knee replacement (TKR). The findings
from our research align with several established studies
while also contributing new insights into the comparative
effectiveness of these two TXA administration routes.

One of the primary concerns in TKR is the perioperative and
postoperative blood loss, typically ranging from 800 to 1800
ml, as highlighted by Maniar et al., Kim et al. and Park et
al. (11-13). In our study, the mean intraoperative blood loss
was slightly lower in the topical TXA group compared to
the intravenous group (44.86 + 27.65 ml vs. 42.55 + 24.32
ml, p = 0.72), though not statistically significant. Similarly,
postoperative blood loss on Day 1 was less in the topical
TXA group (180.66 + 65.25 ml vs. 200.94 + 40.77 ml, p =
0.15). These results are consistent with findings by Gomez-
Barrena et al., where no significant difference was observed
between intra-articular and intravenous TXA regarding
drain output. (14) Furthermore, the hemoglobin levels
preoperatively and postoperatively (Day 1) showed no
significant difference between the groups (p =0.82 and p =
0.49, respectively), paralleling the findings by Fu et al., who
also reported no significant difference in hemoglobin drop
between the two TXA administration routes. (15) This
consistency across studies reinforces the efficacy of both
TXA routes in managing blood loss without a significant
difference in hemoglobin reduction.

Our study found that 1.66% of patients in the intravenous
TXA group required blood transfusion compared to 5% in
the topical TXA group (p = 0.30). This result aligns with
studies by Chen et al. and Pispati et al., which also reported
no significant difference in transfusion rates between the
two groups. (16, 17) However, contrasting results were
noted in the study by Balasubramanian et al., where the
intravenous TXA group required more transfusions than the
intra-articular group. (18) This discrepancy may be
attributed to differences in study design, patient
demographics, and perioperative management protocols.
Our results indicated comparable rates of postoperative
complications  between the two groups, with
thromboembolic events occurring in 1.66% of the
intravenous TXA group and none in the topical TXA group
(p =0.36). Infections were slightly higher in the intravenous
TXA group (3.33% vs. 1.66%, p = 0.63). The literature
suggests that intra-articular TXA may have a lower risk of
systemic complications due to reduced systemic absorption.
This aligns with our findings of a slightly lower
complication rate in the topical group. (19)

Functional outcomes, including range of motion and pain
scores at six weeks, showed a trend towards better results in
the topical TXA group, though not statistically significant.
The range of motion was slightly higher in the topical group
(115 + 3.8 degrees vs. 110 + 5.5 degrees, p = 0.08), and pain
scores were marginally lower (2.3 £1.0vs. 25+ 0.7, p =
0.57). Patient satisfaction was also higher in the topical
TXA group (90% vs. 85%, p = 0.41), suggesting a
preference towards topical administration despite the lack
of significant differences. The mean length of hospital stay
was shorter for the topical TXA group (3.5 days vs. four
days, p =0.09), indicating a potential benefit of topical TXA
in reducing hospital stay duration. This result is in line with

other research that found fewer days of stay in the hospital
and reduced costs linked to fewer complications and
requirements for blood transfusions. (20)

Our research validates the conclusion that topical and
intravenous TXA are equally efficient in lowering the loss
of blood and rates of blood transfusions among TKR
patients without appreciable variations in hemoglobin levels
or severe side effects, based on a comparison of our results
with previous research. However, the topical TXA group's
marginally better results in functional assessments and
length of hospital stay indicate that this approach might
provide slightly improved patient recovery experiences.
This aligns with the findings of the Fu et al. meta-analysis
and the Seo et al. study, which emphasized the effectiveness
of topical TXA. (15, 21)

Thus, this work contributes to the increasing amount of data
that supports TXA utilization in TKR. Both topical and
intravenous TXA are helpful in minimizing blood loss and
preserving hemoglobin levels; however, topical TXA
appears to provide a minor benefit in shortening hospital
stays and enhancing functional outcomes. These results
emphasize how crucial it is to consider co-morbidities and
patient-specific factors when deciding how best to
administer TXA to maximize surgical success and patient
satisfaction. More research with more significant sample
numbers and longer follow-up times is necessary to clarify
the relative advantages of different delivery methods.

Conclusion

According to our research, topical and intravenous
Tranexamic Acid (TXA) are equivalently useful in
minimizing intraoperative and postoperative blood loss in
primary total knee replacement (TKR). Between the two
ways, there was no discernible difference in hemoglobin
level variations, transfusion rates, intraoperative and
postoperative blood losses, or complications. There were
similarities in the duration of stay in the hospital,
satisfaction among patients, and functional outcomes across
the two cohorts. Topical (intra-articular) TXA, on the other
hand, has the advantages of local application, enhanced
safety profile, and easy administration. Based on patient
preferences and characteristics, these results suggest that
both TXA delivery methods are practical options for
controlling blood loss in TKR, allowing clinical practice
flexibility.

Declarations

Data Availability statement

All data generated or analyzed during the study are included
in the manuscript.

Ethics approval and consent to participate.

It is approved by the department concerned. (IRB-CMH-
09374/22)

Consent for publication

Approved

Funding

Not applicable

Conflict of interest

[Citation: Haseeb, M., Mateen, M., Riaz, A., Shoaib, R., Junaid, M., Naz, K.A., (2024). A study on the use of topical versus
intravenous tranexamic acid in minimizing blood loss in primary total knee replacement in a tertiary care hospital. Biol. Clin. Sci.

Res. J., 2024: 1020. doi: https://doi.org/10.54112/bcsrj.v2024i1.1020]



https://doi.org/10.54112/bcsrj.v2024i1.1020

Biol. Clin. Sci. Res. J., Volume, 2024: 1020

Haseeb et al., (2024)

The authors declared an absence of conflict of interest.
Authors Contribution

MUHAMMAD HASEEB (Resident Orthopedics)
Final Approval of version

MUAMMAD MATEEN (House Officer)
Revisiting Critically

ARSALAN RIAZ (Fellow Arthroplasty)

Data Analysis

RAJA SHOAIB (Fellow Arthroplasty)

Drafting

MUHAMMAD JUNAID (PG Orthopedics) & KASHIF
ALI NAZ (PG Orthopedics)

Concept & Design of Study

References

1. Dantas LO, de Fatima Salvini T, McAlindon TE.
Knee osteoarthritis: key treatments and implications for
physical therapy. Brazilian journal of physical therapy.
2021;25(2):135-46.

2. Kim D-J. A study on the physical activities,
mental health, and health-related quality of life of
osteoarthritis patients. Osong Public Health and Research
Perspectives. 2019;10(6):368.

3. Steinhaus ME, Christ AB, Cross MB. Total knee
arthroplasty for knee osteoarthritis: support for a foregone
conclusion? HSS Journal®. 2017;13(2):207-10.

4, Kumar D, Sharma A, Sharma G, Trivedi A. A
Comparative Study of Blood Loss With and Without
Infusion of Tranexamic Acid in Total Knee Replacement.
Cureus. 2022;14(8).

5. Al-Turki AA, Al-Araifi AK, Badakhan BA, Al-
Nazzawi MT, Alghnam S, Al-Turki AS. Predictors of blood
transfusion following total knee replacement at a tertiary
care center in Central Saudi Arabia. Saudi Medical Journal.
2017;38(6):598.

6. Allain J-P, Stramer SL, Carneiro-Proietti A,
Martins M, Da Silva SL, Ribeiro M, et al. Transfusion-
transmitted infectious diseases. Biologicals. 2009;37(2):71-
7.

7. Lam T, Medcalf RL, Cloud GC, Myles PS,
Keragala CB. Tranexamic acid for haemostasis and beyond:
does dose matter? Thrombosis Journal. 2023;21(1):94.

8. Mortazavi SJ, Sattartabar B, Moharrami A,
Kalantar SH. Intra-articular versus intravenous tranexamic
acid in total knee arthroplasty: a randomized clinical trial.
Archives of Bone and Joint Surgery. 2020;8(3):355.

9. Franchini M, Mengoli C, Marietta M, Marano G,
Vaglio S, Pupella S, et al. Safety of intravenous tranexamic
acid in patients undergoing majororthopaedic surgery: a
meta-analysis of randomised controlled trials. Blood
Transfusion. 2018;16(1):36.

10. Furgan A, Hafeez S, Khan F, Orakzai SH, Nur
AN, Khan MA. Intra-articular Versus Intravenous
Tranexamic Acid in Primary Total Knee Replacement.
Cureus. 2022;14(1).

11. Maniar RN, Singhi T, Patil A, Kumar G, Maniar
P, Singh J. Optimizing effectivity of tranexamic acid in
bilateral knee arthroplasty—a prospective randomized
controlled study. The knee. 2017;24(1):100-6.

12. Kim DH, Lee GC, Lee SH, Pak C-H, Park SH,
Jung S. Comparison of blood loss between neutral drainage

with tranexamic acid and negative pressure drainage
without tranexamic acid following primary total knee
arthroplasty. Knee surgery & related research.
2016;28(3):194.

13. Park JH, Rasouli MR, Mortazavi SJ, Tokarski
AT, Maltenfort MG, Parvizi J. Predictors of perioperative
blood loss in total joint arthroplasty. JBJS.
2013;95(19):1777-83.

14. Gomez-Barrena E, Ortega-Andreu M, Padilla-
Eguiluz NG, Pérez-Chrzanowska H, Figueredo-Zalve R.
Topical intra-articular compared with intravenous
tranexamic acid to reduce blood loss in primary total knee
replacement: a double-blind, randomized, controlled,
noninferiority clinical trial. JBJS. 2014;96(23):1937-44.
15. Fu D-J, Chen C, Guo L, Yang L. Use of
intravenous tranexamic acid in total knee arthroplasty: a
meta-analysis of randomized controlled trials. Chinese
Journal of Traumatology. 2013;16(02):67-76.

16. Chen Y, Chen Z, Cui S, Li Z, Yuan Z. Topical
versus systemic tranexamic acid after total knee and hip
arthroplasty: a meta-analysis of randomized controlled
trials. Medicine. 2016;95(41):e4656.

17. Pispati A, Garg P, Patil N, Savedekar A, Jaiswal
N, Kumar A. Is intraarticular administration of tranexamic
acid better than its intravenous administration in reducing
blood loss after total knee arthroplasty? Journal of
Orthopaedics and Spine. 2013;1(2):28-32.

18. Balasubramanian N, Natarajan G. Prospective
study to compare intra-articular versus intravenous
tranexemic acid in reducing post-operative blood loss in
staged bilateral total knee arthroplasty. Malaysian
Orthopaedic Journal. 2016;10(3):7.

19. Pinsornsak P, Phunphakchit J, Boontanapibul K.
Efficacy and systemic absorption of peri-articular versus
intra-articular administration of tranexamic acid in total
knee arthroplasty: a prospective randomized controlled trial.
Arthroplasty Today. 2021;11:1-5.

20. Ribed-Sé&nchez B, Gonzélez-Gaya C, Varea-Diaz
S, Corbacho-Fabregat C, Pérez-Oteyza J, Belda-Iniesta C.
Economic analysis of the reduction of blood transfusions
during surgical procedures while continuous hemoglobin
monitoring is used. Sensors. 2018;18(5):1367.

21. Seo J-G, Moon Y-W, Park S-H, Kim S-M, Ko K-
R. The comparative efficacies of intra-articular and 1V
tranexamic acid for reducing blood loss during total knee
arthroplasty. Knee Surgery, Sports Traumatology,
Arthroscopy. 2013;21:1869-74.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative
Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licen
ses/by/4.0/. © The Author(s) 2024

[Citation: Haseeb, M., Mateen, M., Riaz, A., Shoaib, R., Junaid, M., Naz, K.A., (2024). A study on the use of topical versus
intravenous tranexamic acid in minimizing blood loss in primary total knee replacement in a tertiary care hospital. Biol. Clin. Sci.

Res. J., 2024: 1020. doi: https://doi.org/10.54112/bcsrj.v2024i1.1020]



https://doi.org/10.54112/bcsrj.v2024i1.1020
http://creativecommons.org/licen%20ses/by/4.0/
http://creativecommons.org/licen%20ses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

