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Abstract
Purpose Aim of this systematic review was to evaluate the literature regarding the effect of tranexamic acid (TXA) on the 
outcome after knee osteotomy.
Methods A systematic literature search was carried out in various databases on studies on the use of tranexamic acid in 
osteotomies around the knee. Primary outcome criterion was the hemoglobin (drop). Secondary outcome criteria were total 
blood loss, drainage volume, adverse effects such as thromboembolic events, blood transfusions, wound complications and 
clinical scores. A meta-analysis was performed for quantitative measures. The present study was registered prospectively 
(www. crd. york. ac. uk/ PROSP ERO; no.: CRD42021229624).
Results Seven studies with 584 patients (TXA group: 282 patients, non TXA group: 302 patients) Hemoglobin decrease 
(1.54 g/dl vs. 2.28 g/dl), blood loss (394.49 ml vs. 595.54 ml) and drainage volume (266.5 ml vs. 359.05 ml) were signifi-
cantly less in the TXA group compared to the non TXA group. No thromboembolic event was noted in any study. In the non 
TXA group four blood transfusions were given. Eleven wound complications occurred in the non TXA group in comparison 
to two wound complications in the TXA group.
Conclusions The results of the present study show that the application of TXA reduces hemoglobin drop, blood loss and 
drainage volume. These effects could be responsible for the lesser rate of side effects after administration of TXA during 
knee osteotomy.

Keywords High tibial osteotomy · Medial open wedge osteotomy · Distal femoral osteotomy · HTO · DFO · Osteotomy and 
tranexamic acid

Introduction

The osteotomy to correct deformities is an established 
method for the treatment of unicompartmental arthrosis [4, 
20, 21]. The open wedge technique allows precise correction 
and has the advantage of protecting the peroneal nerve on 
the tibia [20]. Risks of the open wedge technique are bleed-
ing and hematoma due to the exposed osteotomy surfaces 
[12]. The rate of this complication vary between 2 and 5% 

[12, 22]. Risks of postoperative hematomas are wound com-
plications with delayed healing and superficial or deep infec-
tions. The proximal tibial metaphysis is particularly prone 
to these types of complications due to the small amount of 
subcutaneous tissue [17].

It is known from various surgical disciplines that intra-
operative and postoperative bleeding can be significantly 
reduced by the use of tranexamic acid (TXA) [5, 6]. In knee 
and hip arthroplasty, the use of TXA for intra- and postop-
erative bleeding reduction has proven its worth [5]. There 
has been no increased risk of symptomatic thromboembolic 
events after administration of TXA [5]. However, the trans-
fusion rates after TKA could be reduced significantly [5, 13].

The use of TXA in combination with intra-articular infil-
tration anesthesia is therefore an integral part of TKA today. 
These concepts for reducing postoperative complications are 
also called “fast track” or “enhanced recovery” concepts [6].
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Various studies have shown that the use of TXA also 
reduces hemoglobin (Hb) decline and blood loss after oste-
otomies around the knee joint [7, 16, 17, 23]. Nevertheless, 
the use of TXA in knee osteotomies remains controversial, 
as no study has so far been able to show that the use of TXA 
can lower the transfusion rate after knee osteotomy [10]. 
The problem with these studies, however, is that the rate of 
anemia in the typical patient population for an osteotomy is 
significantly lower than in patients for whom a TKA is an 
option. Transfusion rates after osteotomy near the knee are 
known to be lower after osteotomy compared to TKA and 
they would probably only be measurable for case numbers 
of more than 300 patients. However, the number of cases in 
previous studies on the use of TXA for osteotomy fluctuated 
between 30 and 150 patients [17, 23, 24]. An option would 
be a systematic review in which the results of the various 
studies are evaluated in a meta-analysis. That is the aim of 
the present work.

The hypothesis of the present study was that the use of 
TXA in osteotomies around the knee joint leads to less blood 
loss, but also to lower transfusion rates or wound complica-
tions. Analogous to the studies from knee arthroplasty, an 
increase in the thrombosis rate is not expected.

Methods

Search details

Between November 15, 2020 and December 15, 2020, a sys-
tematic literature search was carried out in various databases 
(PubMed, MEDLINE, EMBASE, Scopus, Google scholar) 
according to PRISMA criteria to identify work in which the 
long-term results after the use of tranexamic acid in osteoto-
mies around the knee were examined (Fig. 1). The present 
study was registered prospectively (www. crd. york. ac. uk/ 
PROSP ERO; no.: CRD42021229624).

The following search terms were used: High tibial oste-
otomy, medial open wedge osteotomy, distal femoral oste-
otomy, HTO, DFO, osteotomy and tranexamic acid.

The main search was carried out by two reviewers (MB 
and WP). Inclusion criteria were: 1. Study about osteotomy 
at the distal femur or proximal tibia (metaphysis and epiphy-
sis), 2. Topical or systemic use of tranexamic acid (TXA) 
in this study, and 3. English language. Exclusion criteria 
were: 1. No control group without the use of tranexamic 
acid, 2. Recommendation and guideline papers, 3. Previous 
systematic reviews, previous meta-analysis.

If multiple articles of one clinical trial were available, the 
study with the shorter follow up was excluded.

Risk of bias (quality) assessment

Quality assessment was conducted by the first authors. The 
PEDro scale is used for randomized controlled trials [11]. 
The Newcastle Ottawa scale (NOS) is used for retrospective 
cohort studies [3]. With full points on the NOS, a maximum 
of 9 stars can be achieved. A result of ≥ 8 stars applies as 
high quality, < 6 stars applies as low quality.

Data extraction (selection and coding)

Two reviewers have extracted the following data from the 
selected studies:

1. Study details such as author and publication date, study 
design, level of evidence, number of patients and num-
ber of patients in the different treatment groups.

2. Results such as blood loss, Hb decrease, and drainage 
volume

3. Adverse events such as blood transfusions, thromboem-
bolic events and wound complications

4. Other outcome measures (pain, PROM)

PubMed: n = 897 studies
identified

Studies 
screened after 
screening of
title/abstract

n= 39

Studies 
included

n= 7

Full-text 
articles

assessed for
eligibility

n= 8

Duplicates
removed, title 
and abstract

screened, 
excluded:

N=879

No control
group without

tranexamic acic
N=1

Other sources: n = 21 
studies identified

Inclusion/
exclusion

criteria applied, 
excluded:

N=31

Fig. 1  Flow chart of literature search and review process

http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO
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Primary and secondary outcome measures

Primary outcome measure is the Hb decrease. Blood loss, 
drainage volume, adverse events (thrombembolic compli-
cations, blood transfusions and wound complications) and 
other outcome measures are secondary outcome measures. 
In most studies blood volume were estimated according to 
the method of Nadler et al. 1962 taking sex, body mass index 
(BMI) and height into account [15]. For males BV = (0.366
9 × height3) + (0.03219 × weight) + 0.6041 and for females 
BV = (0.3561 × height3) + (0.03308 × weight) + 0.1833. 
Total blood loss is calculated from total hemoglobin loss, 
which in turn is calculated from the difference between pre-
operative Hb and the minimum Hb during the hospital stay.

Calculation:
Blood loss (in mL) = 100 mL/dL × Hbloss/Hbi
Hbloss = BV x (Hbi – Hbe) × 0 dL/L + Hbt
Hbi = Hb concentration before surgery (g/dL)
Hbe = Hb concentration during hospital stay (g/dL)
Hbt = Total amount of allogeneic Hb transfused (g). 

Because there were no transfusions, this variable was 
dropped from the equation in our study.

The formula for blood volume (Nadler et al.) were used 
by Ni et al., Kim et al., Chen et al. and Palanisamy et al.

Strategy for data synthesis

After extraction of the data tables have been developed 
to aid the presentation of the data along. A formal meta-
analysis was performed for the primary outcome measure 
(Hb decrease) and for blood loss, drainage volume and for 
adverse events such as thromboembolic complications, blood 
transfusions and wound complications. For the cumulative 
transfusion rate and wound complication rate, the number 
of patients and number of events for two different treatment 
groups (TXA and non-TXA) were summarized and the over-
all percentages were calculated.

Statistics

Mean Hb, blood loss and drainage volume were calculated 
by adding the mean reported values for each measure and 
dividing these values by the summarized number of patients 
in each treatment group. The rate of adverse events was cal-
culated using the total number of subjects in the included 
studies and the number of reported events.

The STATA 15 program was used. A standardized mean 
difference according to Cohen with a confidence interval 
(standardized mean difference) was used for the metric vari-
ables (blood loss, Hb decrease and drainage volume). The 
odds ratio with the confidence interval was calculated for 
side effects on. For values of 0 in the 4-field table, the prin-
ciple of small numbers was used. A random effects model 

was calculated to summarize the results and presented as a 
forest plot. The level of significance was set at p value: 0.05.

Results

Search results and study design

The search results of this systematic review and detailed 
information about the study designs is provided in Table 1. 
Out of 8 articles about the use of TXA in osteotomies around 
the knee, one had to be excluded due to a missing control 
group without the administration of TXA [8].

A total of 7 articles with a total of 636 patients were 
identified (Table 1). All included articles reported about the 
use of TXA during a tibial or femoral osteotomy close to the 
knee joint [2, 7, 16, 17, 19, 23, 24]. A total of 314 patients 
could be identified in the TXA group and 328 patients could 
be identified in the non TXA group (Table 1).

The majority of studies identified were retrospective case 
series with a control group. One study focused on the use of 
TXA at femoral osteotomies whereas the other five reported 
about the use of TXA in high tibial osteotomies.

One study was level of evidence (LOE) Ib, the other 6 
articles were LOE IIb.

The dosing protocols varied among the included studies 
(Table 1). Four studies used intravenous (i.v.) administration 
of TXA (Table 1). One study used a topical application of 
TXA at the osteotomy site [24] and one study combined i.v. 
and topical administration of TXA [2].

Quality assessment

Tables 2 and 3 show the results of the study quality analy-
sis incorporating the NOS for evaluating the methodologi-
cal quality of the included studies. In NOS, most studies 
achieved 7 of 9 possible points which is an acceptable result 
for a non-randomized study (Table 2). The only RCT which 
was included received 8 of 10 possible points on the PEDro 
scale.

Blood parameters

Table 4 shows the results of different blood parameters 
(blood loss, Hb decrease, and drainage volume) as found 
in the different studies. Hb decrease was significantly less 
in the TXA group compared to the non TXA group (1.56 g/
dl vs. 2.32 g/dl, Fig. 2). The same applies to blood volume 
(394.49 ml vs. 560.52 ml, Fig. 3) and drainage volume 
(239.09 ml vs. 331.91 ml, Fig. 4). These differences were 
statistically significant (p values: Hb decreased p = 0.000, 
blood loss p = 0.008; drainage volume p = 0.099 (not 
significant)).
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Table 2  Quality assessment of non-randomized trials about the effect of tranexamic acid (TXA) in patients with osteotomy around the knee with 
the Newcastle Ottawa scale (NOS)

NOS items/references Kim et al. [7] Chen 
et al. [2]

Suh 
et al. 
[24]

Steinhaus 
et al. [23]

Palanisamy 
et al. [17]

Petersen, Bent-
zin, Häner et al. 
[19]

Representativeness of the exposed cohort 1 1 1 1 1 1
Selection of the non-exposed cohort 1 1 1 1 1 1
Ascertainment of exposure 1 1 1 1 1 1
Demonstration that outcome of interest was not present 

at start of study
1 1 1 1 1 1

Comparability of cohorts on basis of design or analysis 1 1 2 1 1 1
Assessment of outcome 0 1 0 1 1 1
Was follow-up long enough for outcomes to occur 1 1 1 1 1 1
Adequacy of follow up of cohorts 1 1 0 1 1 1
Total score 7 8 7 8 8 8

Table 3  Quality assessment of RCT about the effect of tranexamic acid (TXA) in patients with osteotomy around the knee with the PEDro Scale

Criteria Ni, Liu, Zhang et al. [16]

1. Eligibility criteria were specified 1
2. Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in 

which treatments were received)
1

3. Allocation was concealed 1
4. The groups were similar at baseline regarding the most important prognostic indicators 1
5. There was blinding of all subjects 1
6. There was blinding of all therapists who administered the therapy 0
7. There was blinding of all assessors who measured at least one key outcome 0
8. Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to 

groups
1

9. All subjects for whom outcome measures were available received the treatment or control condition as allocated 
or, where this was not the case, data for at least one key outcome was analysed by “intention to treat”

1

10. The results of between-group statistical comparisons are reported for at least one key outcome 1
11. The study provides both point measures and measures of variability for at least one key outcome 1
Total points 8 (criterion 1 will not be 

used to calculate the 
PEDro score)

Table 4  Blood loss, Hb decrease and drainage volume of studies about the use of tranexamic acid in knee osteotomy

References Blood loss (mean in ml) Hb decrease (mean) Drainage volume (total in ml)

TXA group Non TXA group TXA group Non TXA group TXA group Non TXA group

Ni, Liu, Zhang et al. [16] 477.9 ± 138.4 834.6 ± 213.5 1.4 ± 1.1 (g/dl) 2.5 ± 1.3 (g/dl) 282.3 ± 105.5 413.2 ± 114.8
Kim, Kim, Kim et al. [7] 502.4 ± 294.9 882.7 ± 482.0 1.4 ± 1.2 (g/dl) 2.6 ± 1.0 (g/dl) 330.4 ± 196.5 269.3 ± 126.6
Chen, Zu, Wang et al. [2] 296.0 ± 128.7 383.3 ± 181.3 19.2 ± 15.2 (g/l) 27.9 ± 13.8 (g/l) / /
Suh, Kyung, Han et al. [24] / / 1.1 (g/dl) 1.7 (g/dl) 137.7 276.7
Steinhaus, Buksbaum, Eisenman 

[23]
184.2
(one dose: 250;
Two dose:162.2)1

242.1 2.12 g/dl 1.91 g/dl / /

Palanisamy, Das, Moon et al. [17] 372 ± 36 635 ± 53 1.3 ± 0.4 (g/dl) 2.2 ± 1.1 (g/dl) 315 ± 95 537 ± 340
Petersen, Bentzin, Häner et al. [19] / / 1.0 ± 0.7 (g/dl) 2.3 ± 0.8 (g/dl) 275.6 ± 202.8 476.7 ± 216.3
Average value 359.94 ml 560.52 ml 1.56 g/dl 2.32 g/dl 239.09 ml 331.91 ml
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Adverse effects

In none of the included studies a thromboembolic event 
was noted, neither in the TXA group nor in the non TXA 
group (Table 4).

Blood transfusions had to be given more frequently in 
non TXA group (4 times vs. 0 times). This difference was 
statistically significant (OR 3.53, p value: 0.000, Fig. 5).

Wound complications were less frequently observed 
in the TXA group compared to the non TXA group (2 

NOTE: Weights are from random effects analysis

Overall (I-squared = 56.9%, p = 0.054)

Petersen, Bentzin, Häner et al. 2021

Kim, Kim, Kim et al. 2018

Palanisamy, Das, Moon et al. 2018

Ni, Liu, Zhang et al. 2020

Chen, Zu, Wang et al. 2020

SMD (95% CI)

-1.02 (-1.30, -0.74) 100.00

-1.73 (-2.37, -1.09) 12.43

Weight

-1.09 (-1.43, -0.74) 23.33

-1.04 (-1.38, -0.69) 23.41

-0.91 (-1.33, -0.50) 20.17

%

-0.60 (-1.00, -0.20) 20.66

-2 -1.02 0 2

TXA No TXA

Fig. 2  Hb decrease (standardized mean difference)

NOTE: Weights are from random effects analysis

Overall (I-squared = 98.2%, p = 0.000)

Kim, Kim, Kim et al. 2018

Chen, Zu, Wang et al. 2020

Palanisamy, Das, Moon et al. 2018

Ni, Liu, Zhang et al. 2020

-2.26 (-3.94, -0.59)

-0.95 (-1.29, -0.61)

-0.56 (-0.96, -0.16)

-5.67 (-6.38, -4.95)

-1.98 (-2.46, -1.50)

SMD (95% CI)

100.00

25.31

%

25.21

24.43

25.05

Weight

-6 -2.26 0 2

TXA No TXA

Fig. 3  Blood loss (standardized mean difference)
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vs. 11, Fig. 6, Table 5). This difference was also statisti-
cally significant (OR: 1.9, p value: 0.05). In one study a 
hemathrosis had to be aspirated in the TXA group [19].

Other outcome criteria

Two studies examined pain as measured on a visual ana-
logue scale (VAS) for the assessment of pain [17, 19]. In 
both studies mean VAS for pain at the first postoperative 

NOTE: Weights are from random effects analysis

Overall (I-squared = 93.2%, p = 0.000)

Ni, Liu, Zhang et al. 2020

Petersen, Bentzin, Häner et al. 2021

Kim, Kim, Kim et al. 2018

Palanisamy, Das, Moon et al. 2018

-0.64 (-1.40, 0.12)

-1.18 (-1.60, -0.75)

-0.96 (-1.53, -0.38)

0.37 (0.05, 0.69)

SMD (95% CI)

-0.84 (-1.18, -0.51)

100.00

24.97

23.46

25.83

Weight

25.74

%

-1.5 -.641 0 1.5

TXA No TXA

Fig. 4  Drainage volume (standardized mean difference)

NOTE: Weights are from random effects analysis

Overall (I-squared = 0.0%, p = 0.825)

Steinhaus, Buksbaum, Eisenman 2018

Chen, Zu, Wang et al. 2020

Kim, Kim, Kim et al. 2018

Petersen, Bentzin, Häner et al. 2021

Ni, Liu, Zhang et al. 2020

Palanisamy, Das, Moon et al. 2018

RD (95% CI)

0.01 (-0.01, 0.02) 100.00

0.04 (-0.06, 0.13) 3.18

%

Weight

0.00 (-0.04, 0.04) 20.59

0.03 (-0.02, 0.07) 15.61

0.00 (-0.07, 0.07) 5.43

0.02 (-0.03, 0.07) 10.50

0.00 (-0.03, 0.03) 44.69

0-0.1 0.15
TXA No TXA

Fig. 5  Risk difference for blood transfusion
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day was significantly lower in the TXA group in comparison 
to the non TXA group. In one study range of motion was 
significantly higher in the TXA group in comparison to the 
non TXA group and intraarticular effusion and calf diameter 
were significantly less in the TXA group [19].

Discussion

The results of the present systematic review support our 
hypothesis stated at the end of the introduction. The most 
important findings of the present study were, that the use 
of TXA when performing an osteotomy around the knee 
reduces Hb decrease and blood loss. Both factors may be 
responsible for the reduced rate of blood transfusions and 
wound complications in the TXA group. In none of both 
treatment groups thromboembolic events were noted.

The clinical benefit of the use of TXA in osteotomies 
around the knee has been questioned, as previous stud-
ies could not show a difference in the transfusion rate or 
wound complications between the two treatment groups 
[10]. This may be due to the fact that the number of cases 
in previous studies was too low to detect a significant 
difference in the transfusion rates [2, 7, 16, 17, 19, 23, 
24] The present meta-analysis is the first study to show 
an effect of tranexamic acid on complication rates such 
as transfusions and wound complications in osteotomies 
around the knee. Due to pooling of data of the previous 
studies the number of cases was large enough to calculate 
statistical significance. The meta-analysis showed that an 

osteotomy close to the knee results in a transfusion rate of 
1.3% in the control group without administration of TXA 
and 0% in the TXA group. In an earlier meta-analysis that 
included only 5 studies, no significant difference in the 
transfusion rates after osteotomies near the knee joint with 
and without TXA could be found [9].

In total knee arthroplasty, the effect of tranexamic acid 
on the transfusion rate and wound complications has already 
been demonstrated in a small number of cases [5, 26]. This 
may be because both complications occur more often after 
total knee arthroplasty, either due to the patients or proce-
dural characteristics [5]. In knee arthroplasty, transfusion 
rates of approx. 25% are reported [5]. These transfusion rates 
could be reduced significantly through the use of TXA [5, 
26]. Therefore, the clinical benefit of TXA in knee arthro-
plasty appears to be greater with regard to the risk of transfu-
sion. Nevertheless, the authors of the present study believe 
that even a reduction of a transfusion rate of 1.3% to 0% 
represents a clinical benefit.

An increased rate of wound complications after knee 
arthroplasty has been described in obese patients [27]. There 
are no direct comparisons of patients with osteotomy or knee 
arthroplasty in the literature. However, it can be assumed 
that the BMI of typical knee prosthesis patients is higher 
than that of patients after osteotomy.

However, the reduction of transfusions or wound com-
plication is not the only advantage of the administration of 
TXA. Postoperative hematoma can also lead to pain, dis-
comfort and a reduced range of motion. Interestingly, only 
two studies. examined postoperative pain as additional 

NOTE: Weights are from random effects analysis

Overall (I-squared = 0.0%, p = 0.729)

Ni, Liu, Zhang et al. 2020

Suh, Kyung, Han et al. 2017

Chen, Zu, Wang et al. 2020

Palanisamy, Das, Moon et al. 2017

Steinhaus, Buksbaum, Eisenman 2018

Petersen, Bentzin, Häner et al. 2021

RD (95% CI)

0.03 (-0.00, 0.05) 100.00
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Weight

0.02 (-0.02, 0.06) 48.99

%

0.00 (-0.07, 0.07) 15.45
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Fig. 6  Risk difference for wound complications/hematoma
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outcome measure [17, 19]. In both studies, pain measured 
with a visual analog scale (VAS) at the first postoperative 
day was significantly lower in the TXA group [17, 19]. In 
one study postoperative range of motion was higher in the 
TXA group whereas calf diameter and intraarticular effusion 
were less in the TXA group [19]. However, there was no dif-
ference in PROMs at 1 year after surgery [19].

Possible side effects of TXA such as deep venous throm-
bosis or pulmonary embolism have not been observed in 
the present review. This observation is in accordance with 
other studies about the application of TXA in total knee 
arthroplasty [5, 14, 26] In none of these studies a higher rate 
of deep venous thrombosis or pulmonary embolism in the 
TXA group have been described [5, 14, 26].

As every study, the present systematic review has some 
limitations. One limitation could be that only one of the 
included studies randomized patients to the different treat-
ment groups. It has been criticized that non-randomized trials 
may suggest causal relationship but cannot prove them defini-
tively. However, in a recent Cochrane review the differences 
between randomized and non-randomized trials were not as 
significant as previously believed [1]. A well-known pitfall of 
randomized controlled trials for example is selection bias [18]. 
Therefore, the results of these trials cannot be transferred to 
a real-world scenario. In addition, the advancing regulations 
have made RCT a time-consuming and costly project.

A second limitation of the present study is that the occur-
rence of deep venous thrombosis was not examined with Dop-
pler ultrasound in the included trials. The diagnosis has been 
made by clinical examination such as the Wells Score which 
is a reliable diagnostic tool for detecting clinically relevant 
thromboses [25].

A third limitation is that only one study examined the 
effect of TXA for femoral osteotomies. There is definitely 
need for further studies about the effect of TXA on the out-
come of femoral osteotomies.

The last limitation is that the dosage protocols and adminis-
tration (i.v. or topical) varied among the different studies [2, 7, 
16, 17, 23, 24]. For this reason, the optimal dosage and admin-
istration route of TXA in osteotomies around the knee is not 
clear.

Despite these limitations, the results of the present system-
atic review prove the clinical benefit of systemic TXA applica-
tion in osteotomies around the knee. The results demonstrate 
that the application of TXA reduces the postoperative Hb 
decrease, blood loss, transfusions and wound complications.

Conclusion

The results of the present study show that the use of TXA 
reduces hemoglobin fall, blood loss and drainage volume. 
These positive effects could be responsible for the lower 

rate of side effects after administration of TXA in knee 
osteotomy. In our opinion, the administration of TXA 
should be an integral part in knee osteotomy.
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