
Chen et al. 
Journal of Orthopaedic Surgery and Research          (2023) 18:550  
https://doi.org/10.1186/s13018-023-03942-y

RESEARCH ARTICLE Open Access

© The Author(s) 2023. 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://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Journal of Orthopaedic
Surgery and Research

Effect of bone cement sealing 
of the intramedullary femoral canal 
on coagulation status after total 
knee arthroplasty: a retrospective 
thromboelastography study
Jiahao Chen1†, Qiang Zhang1†, Hu Wang1, Yingjin Sun1, Ning Liu1, Xiang‑Yang Chen1, Shuai Zhao1* and 
Shuo Feng1* 

Abstract 

Background  The main objective of this study was to investigate whether the use of bone cement in total knee 
arthroplasty (TKA) has an effect on postoperative coagulation status and bleeding.

Methods  153 patients who underwent unilateral TKA between September 2019 and February 2023 were collected 
and divided into Bone and Cement&Bone groups according to whether bone cement was used to seal the bone 
medullary canal intraoperatively. Routine blood and thromboelastography (TEG) examinations were performed 
on the day before, the first day and the seventh day after surgery; postoperative bleeding, drainage, transfusion rate 
and the number of people suffering from deep venous thrombosis (DVT) were recorded.

Results  There were no significant differences between the two groups in terms of baseline clinical characteristics 
before surgery (P > 0.05).  In terms of TEG indicators, the coagulation index (CI) of the Bone&Cement group was lower 
than that of the Bone group on the first postoperative day and on the seventh postoperative day (P < 0.05). The CI 
of patients in the Bone group on the first postoperative day was lower than that of the preoperative day (P < 0.05); 
in terms of blood loss, the total blood loss and occult blood loss were lower in the Bone&Cement group than in the 
Bone group (P < 0.05). In addition, there was no significant difference in postoperative drainage,transfusion rate 
and the incidence of DVT between the two groups.

Conclusion  Blocking the intramedullary canal of the femur with bone cement during TKA improves relative postop‑
erative hypocoagulation and reduces postoperative blood loss, although there is no significant effect on transfusion 
rates, drainage and DVT.
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Introduction
Total knee arthroplasty (TKA) is a reliable and effec-
tive treatment for end-stage osteoarthritis of the knee 
[1], providing significant relief from knee pain and 
improving function. Haemorrhagic anaemia is a com-
mon complication after TKA [2]. Bleeding from the 
medullary cavity after expansion is a very important 
cause of blood loss after knee arthroplasty。In total 
knee arthroplasty the femoral medullary cavity   needs 
to be opened, and an open femoral medullary cavity 
can cause blood loss. Previous literature has shown that 
there are different ways of dealing with an open femo-
ral medullary cavity   (no treatment, sealing with bone 
or cement) and that these ways have different effects on 
postoperative blood loss. Therefore, the management 
of the open femoral medullary cavity   is important to 
reduce postoperative bleeding. In recent years clinical 
methods have been used to reduce bleeding by seal-
ing the femoral marrow cavity. Batmaz et al. found that 
sealing the intramedullary canal with autologous bone 
graft reduced postoperative blood loss [3]. İsmail Dik-
men found the same effect with bone cement, but in 
his study he found that sealing the canal with autolo-
gous bone had no effect on blood loss [4], while other 
authors have concluded that none of these methods 
reduced postoperative blood loss [5] in addition to the 
conflicting results on postoperative drainage and trans-
fusion rates in related articles [4–7].

Thromboelastography (TEG) is a novel method used 
to detect blood viscosity in  vitro [8]. The principle is 
to simulate the whole process of whole blood in  vivo 
from clot formation to dissolution, which is plotted as 
a dynamic curve image by an image sensing system. It 
is widely used as a tool to evaluate blood coagulation 
status, blood composition and antithrombotic drugs, 
providing information on coagulation, fibrinolysis and 
platelet count and function, thus assessing the clinical 
risk of thrombosis or bleeding and guiding patients to 
individualised treatment with anticoagulation, bleeding 
and fibrinolytic drugs. In recent years, TEG has been 
increasingly used in the perioperative assessment of 
coagulation status in total knee arthroplasty [9–13].

Previous studies have demonstrated that either bone 
or cement sealing of the medullary canal improves 
postoperative blood loss compared to leaving the 
canal empty, but there is debate as to whether there is 
a difference in the effect of the two on postoperative 
blood loss, transfusion rates and coagulation status 
of patients. This study therefore retrospectively ana-
lyzed the case data of patients who had their femo-
ral canal sealed with an autologous osteotomy block 
and an autologous osteotomy block combined with 
bone cement during TKA. TEG was used to analyze 

the differences in coagulation status between the two 
groups and to compare the total blood loss, hidden 
blood loss, allograft transfusion rate and incidence 
of deep venous thrombosis (DVT) between the two 
groups.

Materials and methods
Patients and groups
This was a retrospective case–control study and was 
approved by the Ethics Committee of the Affiliated Hos-
pital of Xuzhou Medical University. 155 patients who 
underwent unilateral primary total knee arthroplasty 
between September 2019 and February 2023 were col-
lected for study analysis. All patients included were 
clearly diagnosed with unilateral knee osteoarthritis and 
had failed conservative treatment, those with no previ-
ous history of knee surgery, and those with comorbid 
but well-controlled medical systemic disease. Patients 
who had received anticoagulant medication within 
half a month, had a bleeding tendency, or had incom-
plete medical records were excluded, as were patients 
with co-morbidities such as rheumatoid arthritis, can-
cer, or haematological disorders affecting the function 
of the coagulation system. In one group of patients, the 
bone canal was closed with a bone plug, made from an 
autogenous osteotomy block with a cross-section slightly 
larger than the intramedullary locus of the femur so that 
it could be completely filled, and then the femoral canal 
was sealed with bone cement. In this experiment, 80 
patients (femoral bone medullary cavity was sealed by 
bone and cement) and 75 patients (femoral bone med-
ullary cavity was sealed by bone) were divided into two 
groups. During the postoperative follow-up, two patients 
in the group (75) were diagnosed with rheumatoid arthri-
tis, which has an effect on coagulation, and therefore 
were excluded.

Surgical procedure and peri‑operative management
All surgeries were performed by the same surgical team 
under a tourniquet. Patients were anaesthetised gener-
ally with a medial parapatellar approach. In one group of 
patients, the femoral medullary canal was sealed with a 
bone plug made from an autologous osteotomy, while in 
the other group, the femoral medullary canal was sealed 
with bone cement on top of a bone plug made from an 
autologous osteotomy. The prosthesis was coated with 
bone cement, the prosthesis was placed, the canal was 
drained, and the incision was closed layer by layer with 
a cotton pad and pressure dressing. The drainage tube 
was completely clamped for 2 h after the operation, and 
the drainage flow was regularly observed and the degree 
of drainage tube closure was adjusted according to the 
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amount of drainage flow. All patients with TKA were 
given oral rivaroxaban 10 mg 6 h after surgery, once daily 
until discharge. After discharge, in the absence of bleed-
ing events, rivaroxaban 10  mg/d was given for 4  weeks 
to prevent DVT and was discontinued in patients who 
developed postoperative ecchymosis. Erythropoietin 
was not used to improve anaemia during hospitalisation. 
All patients had a venous ultrasound of the lower limbs 
performed by the same experienced ultrasonographer 
on the seventh postoperative day, and those with venous 
thrombosis of the lower limbs were promptly referred 
to the vascular surgery department for appropriate 
management.

Parameters
To the best of our knowledge, we were the first to intro-
duce TEG to the study of postoperative coagulation sta-
tus in TKA patients with different ways of blocking the 
femoral canal. Among the parameters of the TEG, reac-
tion time(R) represents the time required for the body to 
initiate the clotting pathway to fibrin production; clotting 
time(K) value represents the time required for fibrin pro-
cessing and modification into a clot; the alpha-angle is a 
measure of the rate of clot formation; the maximal ampli-
tude of the trace(MA) shows the maximum strength of 
the clot produced; and the coagulation index(CI) reflects 
the general picture of the whole clotting process, which 
is calculated as CI = −  0.6516R −  0.3772  K + 0.1224MA 
+ 0.0759Angle − 7.7922. Patients underwent TEG and 
complete blood count preoperatively and on the first day 
and seven days postoperatively. Intraoperative bleeding 
and total drainage after extubation were recorded and 
the number of allogeneic transfusions in the periopera-
tive period was recorded. Total blood loss by day seven 
postoperatively calculated according to Gross [14] and 
Nadler’s formula in (Table 3). Hidden blood loss is equal 
to the calculated total blood loss minus the visible blood 
loss, and if the patient has a post-operative transfusion, 
then the volume of the transfusion is also counted [15]. 
Record the number of patients transfused, the amount 
of fluid drained and compare the incidence of DVT and 
wound complications between the two groups during 
hospitalization.

Indications for allogeneic blood transfusion
The protocols of the perioperative blood transfusion 
guidelines provided by the Chinese Ministry of Health 
are used as criteria: 1. the patient’s haemoglobin (HB) 
concentration is < 70  g/L; 2. when the patient develops 
any symptoms associated with anaemia such as dizzi-
ness and weakness, palpitations and breathlessness. The 
attending physician needs to make an assessment of the 
need for blood transfusion for each patient.

Statistical analysis
SPSS 25.0 software (IBM Corporation) was used for sta-
tistical analysis in this study. Categorical variables were 
expressed as absolute numbers and percentages, the Kol-
mogorov-Smirnoff test was used to determine whether 
the data were normally distributed, and continuous vari-
ables were expressed as mean ± standard deviation. Con-
tinuous variables were compared between the two groups 
using the independent samples t-test, and comparisons 
of TEG indicators between patients in the same group 
at different times were expressed using GraphPad Prism 
8.01  bar charts. A chi-square test was used to compare 
transfusion rates and DVT incidence between groups. 
P-values < 0.05 were considered statistically significant.

Results
Patients’ characteristics
We selected 153 patients, 53 men and 100 women, from 
those treated with unilateral TKA from September 2019 
to February 2023 for inclusion in the study. At postop-
erative follow-up, patients who developed DVT resolved 
with anticoagulation, and no complications such as pros-
thetic joint infection and prosthetic loosening occurred 
at follow-up.

There were no significant differences between the two 
groups in terms of age, gender, BMI, time to surgery and 
preoperative Hb and homozygous cell typing  (HCT) 
(Table1).

TEG characteristics of patients with two group
No significant differences were found in the preopera-
tive TEG indicators between the two groups. α-angle 
was higher in the Bone group than in the Bone&Cement 
group on the first postoperative day; the CI was lower 
in the Bone&Cement group than in the Bone group on 

Table 1  Baseline characteristics of patients

The gender variable was calculated using the chi-square test and the remaining 
variables were calculated using the independent samples t-test
* P < 0.05

BMI body mass index

Bone&Cement group Bone group P value

n 80 73

Age (years) 62.04 ± 6.93 63.63 ± 6.36 0.145

Sex 0.109

Male 23 30

Female 57 43

BMI (kg/m2) 27.89 ± 3.49 28.64 ± 3.38 0.182

Surgical time (min) 68.32 ± 6.06 69.95 ± 6.10 0.099

Hb (g/L) 129.04 ± 7.88 128.87 ± 8.69 0.899

HCT 38.38 ± 2.81 37.79 ± 3.00 0.213
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the first postoperative day and on the seventh postop-
erative day, and the differences were statistically signifi-
cant (Table 2), and the CI was lower in the Bone group 
on the first postoperative day than before surgery (Fig. 1). 
The difference was statistically significant, indicating 

that patients in the Bone group had a relatively lower 
coagulation status postoperatively than those in the 
Bone&Cement group (Table 3).

Blood loss and post‑operative complications
The postoperative transfusion rate and the incidence of 
DVT were not significantly different between the two 
groups. In contrast, the total blood loss and occult blood 
loss in the Bone&Cement group was lower than that in 
the Bone group, and the difference was statistically signif-
icant. The mean hidden blood loss in the Bone&Cement 
group was 739.96, standing at 59.74% of the total blood 
loss, while the Bone group accounted for approximately 
64.54%, which further corroborated the Bone group’s rel-
atively low coagulation status in the postoperative period. 
There was also no significant difference in intraoperative 
bleeding and drainage (Table4).

Discussion
In our study we evaluated the effect of two different ways 
of sealing the femoral canal on patients’ postoperative 
coagulation status and blood loss. By comparing TEG 
indicators (preoperative, first postoperative day and sev-
enth postoperative day), postoperative blood loss, trans-
fusion rate and DVT incidence, we found that patients 
without bone cement sealing of the canal had a relatively 
hypocoagulable postoperative state and had more total 
and hidden blood loss in the postoperative period than 

Table 2  TEG valuables at different time points

*P < 0.05; R, reaction time; K, clotting time; MA, maximum amplitude; CI, 
coagulation index; POD1, first postoperative day; POD7, seventh postoperative 
day; the TEG indicators were calculated using the independent samples t-test

Time points Bone&Cement 
group

Bone group P value

R (min) Pre-op 5.58 ± 1.69 5.56 ± 2.08 0.938

POD1 5.50 ± 1.24 5.85 ± 2.40 0.254

POD7 5.23 ± 2.13 5.85 ± 1.77 0.052

K (min) Pre-op 1.71 ± 0.43 1.62 ± 0.45 0.226

POD1 1.61 ± 0.58 1.77 ± 0.70 0.112

POD7 1.57 ± 0.78 1.79 ± 0.62 0.055

α-angle (º) Pre-op 66.90 ± 9.60 65.63 ± 9.74 0.416

POD1 68.33 ± 9.66 64.91 ± 10.38 0.036*

POD7 66.82 ± 8.63 65.80 ± 9.20 0.479

MA (mm) Pre-op 64.31 ± 7.30 65.07 ± 7.29 0.521

POD1 63.66 ± 8.79 61.85 ± 8.85 0.207

POD7 66.21 ± 8.95 63.98 ± 9.69 0.141

CI Pre-op 0.86 ± 1.42 0.90 ± 1.74 0.862

POD1 0.97 ± 1.66 0.20 ± 2.05 0.012*

POD7 1.39 ± 1.90 0.52 ± 1.89 0.005*

Fig. 1  Comparison of different times regarding TEG values between two groups. Data are mean ± SD, P-values were calculated by one-way ANOVA, 
*P < 0.05, **P < 0.01, ****P < 0.0001, NS: No significance
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the other group. These results were statistically signifi-
cant. In addition, bone cement did not alter postopera-
tive drainage, transfusion rates or the incidence of DVT.

The use of TEG for monitoring post-operative coagu-
lation status in orthopaedic arthroplasty has become 
increasingly widespread in recent years [16, 17]. Com-
pared to traditional coagulation tests, TEG focuses on 
the function of blood components and allows for a full 
picture of coagulation, providing a dynamic, comprehen-
sive view of the entire coagulation response and provid-
ing better insight than conventional coagulation tests in 
assessing a patient’s coagulation status [9, 18, 19]. Stud-
ies show that TEG is very reliable in monitoring coagula-
tion status after orthopaedic surgery [17]. In a study by 
Joshua Gary [20] of 1818 orthopaedic trauma patients 
who underwent thromboelastography, they found that 
MA was an independent predictor of thromboembo-
lism in patients. Brill et al. [21] found that patients who 
were eligible for hypercoagulable TEG had a nearly dou-
bled incidence of DVT. In a thromboelastography study 
of post-TKA ecchymosis by Wang et al. [22], changes in 
CI values were found to be an independent risk factor for 
the development of ecchymosis. In our study there was a 
significant difference between the two groups in terms of 
postoperative CI, which in turn reflected the overall coag-
ulation status, with the Bone Group and Bone&Cement 
group comparing relatively low coagulation, suggesting 

that the use of bone cement had an effect on the coagu-
lation status of the patients in the postoperative period, 
which was further illustrated by the comparison of total 
and occult blood loss in the two groups in the postopera-
tive period.

The blood loss in the perioperative period of TKA is 
large, and it has been reported that the blood loss after 
TKA can be as high as 1000–1500 ml [23]. TKA blood 
loss can be divided into two components: visible blood 
loss and hidden blood loss [24, 25]. Visible blood loss 
consists mainly of intraoperative bleeding and post-
operative drainage, whereas hidden blood loss refers 
to the accumulation of blood in the joint cavity and 
extravasation in the tissue spaces after major trauma or 
surgery, as well as haemoglobin loss due to haemolysis 
[26]. Tao Yuan et al. [27] suggested that visible bleeding 
after arthroplasty is associated with a hemolytic reac-
tion following attack on red blood cells by a large num-
ber of oxygen radicals produced by stress. In our review 
of previous similar articles, we found that the find-
ings of Li et  al. [7] were similar to the present experi-
ment, with significant differences in total and hidden 
blood loss between the two groups of patients. Dikmen 
et al. [4] also illustrated a difference in total blood loss 
between the empty tube and bone cement groups. The 
bone cement blocking of the femoral medullary canal 
in this experiment did reduce blood loss, probably 

Table 3  Gross’s and Nadler’s formula

*For male

**For female

Methods Formula

Gross’s formula TBL = EBV(HCTpreop − HCTpostop)/HCTave TBL = calculated total blood loss (mL)

HCTave = average of the pre-operative 
and the lowest post-operative Hct levels

Nadler’s formula EBV = 0.3669H3 + 0.03219W + 0.6041* = 0.3561H3 + 0.0330
8W + 0.1833**

EBV = estimated blood volume(mL)

H = height(m)

W = weight(kg)

Table 4  Postoperative blood loss indicators, transfusion rate and DVT results

Transfusion rate and DVT were calculated using the chi-square test and the remaining variables were calculated using the independent samples t-test

DVT deep venous thrombosis

*P < 0.05

Bone&Cement group Bone group P value

Calculated blood loss (mL) 1238.64 ± 308.51 1353.03 ± 339.34 0.030*

Intraoperative blood loss (mL) 120.73 ± 59.38 118.46 ± 42.52 0.788

Drain blood volume (mL) 377.95 ± 87.52 361.35 ± 83.60 0.233

Hidden blood loss (mL) 739.96 ± 327.96 873.21 ± 350.36 0.016*

Transfusion rate 7 (8.75%) 11 (15.07%) 0.226

DVT 2 (2.5%) 1 (1.37%) 0.615
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because more gaps remained around the block after it 
was blocked. The bleeding from the femoral tropho-
blastic vessels in the medullary canal may enter the 
joint cavity or tissue space through these residual gaps. 
This stagnant blood in the joint cavity or tissue space 
may not only cause hidden blood loss, but also swelling 
and pain in the joint, which may affect the recovery of 
joint function.

There are also inconsistent results in terms of trans-
fusion rates and drainage in previous articles, with Li 
et  al. and Ko et  al. finding lower transfusion rates in 
the bone cement group than in the empty tube group 
[6, 7], while other articles indicate no difference [3–5], 
which may be related to whether tranexamic acid was 
used intraoperatively. Tranexamic acid reduces bleed-
ing and transfusion requirements in the perioperative 
period [28, 29].The transfusion rate in the study by Dik-
men et  al. [4] was partly due to a decrease in the use 
of tranexamic acid. In addition, there is a difference 
in the results of drainage flow between Dikmen İ et al. 
and Batmaz et al. [3, 5]. We compared them and found 
that the time of drainage tube removal was different, 
and since drainage flow increases with time, it is closely 
related to the time of removal and also to the use of 
perioperative anticoagulants [30, 31]. In this study we 
administered apixaban, a new oral anticoagulant that 
inhibits Xa factor activity, to patients after surgery. It 
is a new oral anticoagulant that inhibits Xa factor activ-
ity and has mild adverse effects due to its single target 
of action. Sayar et  al. [32] found no myeloma chemo-
therapy patients had a thrombotic event as a result of 
receiving prophylactic apixaban. In our study there was 
no difference in transfusion rates or drainage between 
the two groups. We also took into account the compari-
son of postoperative DVT. We performed a lower limb 
ultrasound on the seventh postoperative day and found 
no difference in the incidence of DVT between the two 
groups, and the patients who had DVT had no symp-
toms associated with it at the time of follow-up, and it 
eventually resolved with anticoagulation.

This study has several drawbacks, firstly it is a single 
central retrospective study with a high potential for bias. 
Secondly the sample size was relatively small and the 
experimental data lacked convincingness; a large pro-
spective study would have better validated our conclu-
sions. Also, we only performed Doppler ultrasound on 
patients preoperatively and on the seventh postopera-
tive day, which may have been missed due to the fact that 
Doppler ultrasound was only performed on patients with 
DVT-related symptoms only in the postoperative follow-
up of patients after discharge from hospital. In addition, 
Doppler ultrasound is not the gold standard for the diag-
nosis of lower limb venous thrombosis and the likelihood 

of false negatives increases. When the Gross equation 
method is used to estimate blood loss, the true calculated 
total blood loss may be compromised due to the transfer 
of body fluids and haemolytic reaction to transfusion.

Conclusion
In summary, sealing the femoral medullary canal with bone 
cement during TKA improves relative postoperative hypo-
coagulation and reduces postoperative blood loss, but has 
no effect on transfusion rates, drainage flow or the prob-
ability of developing DVT. Given that bone cement is rela-
tively inexpensive and simple to obtain, it is possible to 
carry out these methods in the clinical setting.

Abbreviations
TKA	� Total knee arthroplasty
TEG	� Thromboelastography
R	� Reaction time
K	� Clotting time
MA	� Maximum amplitude
CI	� Coagulation index
BMI	� Body mass index
POD	� Postoperative day

Acknowledgements
We would like to acknowledge the helpful comments on this paper received 
from our reviewers.

Authors contributions
J-HC completed statistical analysis and editing work. YS and SF were responsi‑
ble for the research design. NL and HW performed data collection and organi‑
zation. QZ and X-yC participated in the measurement and interpretation of 
data. All authors read and approved the final manuscript.

Funding
This study was funded by the project of affiliated hospital of Xuzhou medical 
university (2020KB007), construction and Implementation of Individualized 
Surgical Diagnosis and Treatment Strategy System for Elderly Knee Osteoar‑
thritis (LX2021010) and the Youth Medical Science and Technology Innovation 
Project of Xuzhou Health Commission (XWKYHT20210577).

Availability of data and materials
This published article includes all of the data created or analyzed during this 
investigation. We do not want to share our patients’ information because it 
compromises their privacy.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the Affiliated Hospital 
of Xuzhou Medical University. All methods were performed according to the 
standards of the National Research Council. Written informed consent was 
obtained from all participants.

Consent for publication
Not applicable.

Competing interests
On behalf of all authors, the corresponding author states that there is no 
competing interests.

Received: 25 April 2023   Accepted: 19 June 2023



Page 7 of 7Chen et al. Journal of Orthopaedic Surgery and Research          (2023) 18:550 	

References
	1.	 Price AJ, Alvand A, Troelsen A, Katz JN, Hooper G, Gray A, Carr A, Beard D. 

Knee replacement. Lancet (London, England). 2018;392:1672–82. https://​
doi.​org/​10.​1016/​s0140-​6736(18)​32344-4.

	2.	 Park HS, Bin SI, Kim HJ, Kim J, Kim H, Ro Y, Koh WU. Immediate intravenous 
iron administration improves anaemia recovery following total knee 
arthroplasty: a propensity-matched analysis. Vox Sang. 2022;117:243–50. 
https://​doi.​org/​10.​1111/​vox.​13181.

	3.	 Batmaz AG, Kayaalp ME, Oto O, Bulbul AM. Sealing of femoral tunnel with 
autologous bone graft decreases blood loss. Acta Chir Orthop Traumatol 
Cech. 2016;83:348–50.

	4.	 Dikmen İ, Kose O, Cakar A, Tasatan E, Ertan MB, Yapar D. Comparison of 
three methods for sealing of the intramedullary femoral canal during 
total knee arthroplasty; a randomized controlled trial. Arch Orthop 
Trauma Surg. 2022. https://​doi.​org/​10.​1007/​s00402-​022-​04596-x.

	5.	 Torres-Claramunt R, Hinarejos P, Pérez-Prieto D, Gil-González S, Pelfort X, 
Leal J, Puig L. Sealing of the intramedullar femoral canal in a TKA does not 
reduce postoperative blood loss: a randomized prospective study. Knee. 
2014;21:853–7. https://​doi.​org/​10.​1016/j.​knee.​2014.​03.​010.

	6.	 Ko PS, Tio MK, Tang YK, Tsang WL, Lam JJ. Sealing the intramedullary 
femoral canal with autologous bone plug in total knee arthroplasty. J 
Arthroplasty. 2003;18:6–9. https://​doi.​org/​10.​1054/​arth.​2003.​50001.

	7.	 Li X, Qi XB, Han X, Wang W, Liu JN, Guo JC, Li ZY. Effects of sealing the 
intramedullary femoral canal in total knee arthroplasty: a randomized 
study. Medicine. 2017;96:e7388. https://​doi.​org/​10.​1097/​md.​00000​00000​
007388.

	8.	 Whiting D, DiNardo JA. TEG and ROTEM: technology and clinical applica‑
tions. Am J Hematol. 2014;89:228–32. https://​doi.​org/​10.​1002/​ajh.​23599.

	9.	 Wang C, Liu Q, Sun L, Dai G. Application of thrombelastography in 
primary total knee and total hip replacement: a prospective 87 patients 
study. Blood Coagul Fibrinol. 2019;30:281–90. https://​doi.​org/​10.​1097/​
mbc.​00000​00000​000839.

	10.	 Yang Y, Yao Z, Dai W, Shi P, Luo L, Zhang C. Changes of thrombelastog‑
raphy in patients undergoing elective primary total knee and total hip 
replacement with low molecular heparin prophylaxis. J Orthop Surg Res. 
2014;9:52. https://​doi.​org/​10.​1186/​s13018-​014-​0052-0.

	11.	 Chen Y, Qin L, Yang J, Wang J, Huang J, Gong X, Hu N. Changes in 
thromboelastography to predict ecchymosis after knee arthroplasty: a 
promising guide for the use of anticoagulants. Front Surg. 2022;9:871776. 
https://​doi.​org/​10.​3389/​fsurg.​2022.​871776.

	12.	 Hagemo JS, Næss PA, Johansson P, Windeløv NA, Cohen MJ, Røislien 
J, Brohi K, Heier HE, Hestnes M, Gaarder C. Evaluation of TEG(®) and 
RoTEM(®) inter-changeability in trauma patients. Injury. 2013;44:600–5. 
https://​doi.​org/​10.​1016/j.​injury.​2012.​11.​016.

	13.	 Zhang XC, Sun MJ, Pan S, Rui M, Zhao FC, Zha GC, Pang Y, Zheng X, Guo 
KJ. Intravenous administration of tranexamic acid in total hip arthroplasty 
does not change the blood coagulopathy: a prospective thrombelastog‑
raphy analysis. J Orthop Surg (Hong Kong). 2020;28:2309499020959516. 
https://​doi.​org/​10.​1177/​23094​99020​959516.

	14.	 Gross JB. Estimating allowable blood loss: corrected for dilution. Anes‑
thesiology. 1983;58:277–80. https://​doi.​org/​10.​1097/​00000​542-​19830​
3000-​00016.

	15.	 Sehat KR, Evans RL, Newman JH. Hidden blood loss following hip and 
knee arthroplasty. Correct management of blood loss should take hidden 
loss into account. J Bone Joint Surg Br. 2004;86:561–5.

	16.	 Rugeri L, Levrat A, David JS, Delecroix E, Floccard B, Gros A, Allaouchiche 
B, Negrier C. Diagnosis of early coagulation abnormalities in trauma 
patients by rotation thrombelastography. J Throm Haemos. 2007;5:289–
95. https://​doi.​org/​10.​1111/j.​1538-​7836.​2007.​02319.x.

	17.	 Tekkesin N, Tekkesin M, Kaso G. Thromboelastography for the monitoring 
of the antithrombotic effect of low-molecular-weight heparin after major 
orthopedic surgery. Anatol J Cardiol. 2015;15:932–7. https://​doi.​org/​10.​
5152/​akd.​2014.​5723.

	18.	 Mao C, Xiong Y, Fan C. Comparison between thromboelastography and 
conventional coagulation assays in patients with deep vein thrombosis. 
Clinica Chimica Acta. 2021;520:208–13. https://​doi.​org/​10.​1016/j.​cca.​
2021.​06.​019.

	19.	 Lee SH, Kim HK, Ahn JH, Kang MG, Kim KH, Bae JS, Cho SY, Koh JS, Park Y, 
Hwang SJ, Gorog DA, Tantry US, Bliden KP, Gurbel PA, Hwang JY, Jeong 
YH. Prognostic impact of hypercoagulability and impaired fibrinolysis in 

acute myocardial infarction. Eur Heart J. 2023;44:1718–28. https://​doi.​org/​
10.​1093/​eurhe​artj/​ehad0​88.

	20.	 Gary JL, Schneider PS, Galpin M, Radwan Z, Munz JW, Achor TS, Prasarn 
ML, Cotton BA. Can thrombelastography predict venous thromboem‑
bolic events in patients with severe extremity trauma? J Orthop Trauma. 
2016;30:294–8. https://​doi.​org/​10.​1097/​bot.​00000​00000​000523.

	21.	 Brill JB, Badiee J, Zander AL, Wallace JD, Lewis PR, Sise MJ, Bansal V, Shack‑
ford SR. The rate of deep vein thrombosis doubles in trauma patients 
with hypercoagulable thromboelastography. J Trauma Acute Care Surg. 
2017;83:413–9. https://​doi.​org/​10.​1097/​ta.​00000​00000​001618.

	22.	 Wang J, Zhu HL, Shi ZJ, Zhang Y. The application of thromboelastogra‑
phy in understanding and management of ecchymosis after total knee 
arthroplasty. J Arthroplasty. 2018;33:3754–8. https://​doi.​org/​10.​1016/j.​
arth.​2018.​08.​024.

	23.	 Su EP, Su S. Strategies for reducing peri-operative blood loss in total knee 
arthroplasty. Bone Joint J. 2016;98-b:98–100. https://​doi.​org/​10.​1302/​
0301-​620x.​98b.​36430.

	24.	 Hu Y, Li Q, Wei BG, Zhang XS, Torsha TT, Xiao J, Shi ZJ. Blood loss of 
total knee arthroplasty in osteoarthritis: an analysis of influential 
factors. J Orthop Surg Res. 2018;13:325. https://​doi.​org/​10.​1186/​
s13018-​018-​1038-0.

	25.	 Shen HL, Li Z, Feng ML, Cao GL. Analysis on hidden blood loss of 
total knee arthroplasty in treating knee osteoarthritis. Chin Med J. 
2011;124:1653–6.

	26.	 Bao N, Zhou L, Cong Y, Guo T, Fan W, Chang Z, Zhao J. Free fatty acids are 
responsible for the hidden blood loss in total hip and knee arthroplasty. 
Med Hypotheses. 2013;81:104–7. https://​doi.​org/​10.​1016/j.​mehy.​2013.​03.​
038.

	27.	 Yuan T, Fan WB, Cong Y, Xu HD, Li CJ, Meng J, Bao NR, Zhao JN. Linoleic 
acid induces red blood cells and hemoglobin damage via oxidative 
mechanism. Int J Clin Exp Pathol. 2015;8:5044–52.

	28.	 Poeran J, Chan JJ, Zubizarreta N, Mazumdar M, Galatz LM, Moucha 
CS. Safety of tranexamic acid in hip and knee arthroplasty in high-risk 
patients. Anesthesiology. 2021;135:57–68. https://​doi.​org/​10.​1097/​aln.​
00000​00000​003772.

	29.	 Bailey CR. Tranexamic acid in total knee arthroplasty. Anaesthesia. 
2023;78:275–8. https://​doi.​org/​10.​1111/​anae.​15960.

	30.	 Sidhu VS, Kelly TL, Pratt N, Graves SE, Buchbinder R, Adie S, Cashman K, 
Ackerman I, Bastiras D, Brighton R, Burns AWR, Chong BH, Clavisi O, Cripps 
M, Dekkers M, de Steiger R, Dixon M, Ellis A, Griffith EC, Hale D, Hansen 
A, Harris A, Hau R, Horsley M, James D, Khorshid O, Kuo L, Lewis P, Lieu D, 
Lorimer M, MacDessi S, McCombe P, McDougall C, Mulford J, Naylor JM, 
Page RS, Radovanovic J, Solomon M, Sorial R, Summersell P, Tran P, Walter 
WL, Webb S, Wilson C, Wysocki D, Harris IA. Effect of aspirin vs enoxaparin 
on symptomatic venous thromboembolism in patients undergoing hip 
or knee arthroplasty: the cristal randomized trial. JAMA. 2022;328:719–27. 
https://​doi.​org/​10.​1001/​jama.​2022.​13416.

	31.	 Colwell CW Jr. Low molecular weight heparin prophylaxis in total knee 
arthroplasty: the answer. Clin Orthop Related Res. 2001. https://​doi.​org/​
10.​1097/​00003​086-​20011​1000-​00031.

	32.	 Sayar Z, Gates C, Bristogiannis S, Patel A, Ogunbiyi MO, Tailor A, Yong K, 
Thomas M. Safety and efficacy of apixaban as thromboprophylaxis in 
myeloma patients receiving chemotherapy: A prospective cohort study. 
Thromb Res. 2022;213:27–9. https://​doi.​org/​10.​1016/j.​throm​res.​2022.​03.​
001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/s0140-6736(18)32344-4
https://doi.org/10.1016/s0140-6736(18)32344-4
https://doi.org/10.1111/vox.13181
https://doi.org/10.1007/s00402-022-04596-x
https://doi.org/10.1016/j.knee.2014.03.010
https://doi.org/10.1054/arth.2003.50001
https://doi.org/10.1097/md.0000000000007388
https://doi.org/10.1097/md.0000000000007388
https://doi.org/10.1002/ajh.23599
https://doi.org/10.1097/mbc.0000000000000839
https://doi.org/10.1097/mbc.0000000000000839
https://doi.org/10.1186/s13018-014-0052-0
https://doi.org/10.3389/fsurg.2022.871776
https://doi.org/10.1016/j.injury.2012.11.016
https://doi.org/10.1177/2309499020959516
https://doi.org/10.1097/00000542-198303000-00016
https://doi.org/10.1097/00000542-198303000-00016
https://doi.org/10.1111/j.1538-7836.2007.02319.x
https://doi.org/10.5152/akd.2014.5723
https://doi.org/10.5152/akd.2014.5723
https://doi.org/10.1016/j.cca.2021.06.019
https://doi.org/10.1016/j.cca.2021.06.019
https://doi.org/10.1093/eurheartj/ehad088
https://doi.org/10.1093/eurheartj/ehad088
https://doi.org/10.1097/bot.0000000000000523
https://doi.org/10.1097/ta.0000000000001618
https://doi.org/10.1016/j.arth.2018.08.024
https://doi.org/10.1016/j.arth.2018.08.024
https://doi.org/10.1302/0301-620x.98b.36430
https://doi.org/10.1302/0301-620x.98b.36430
https://doi.org/10.1186/s13018-018-1038-0
https://doi.org/10.1186/s13018-018-1038-0
https://doi.org/10.1016/j.mehy.2013.03.038
https://doi.org/10.1016/j.mehy.2013.03.038
https://doi.org/10.1097/aln.0000000000003772
https://doi.org/10.1097/aln.0000000000003772
https://doi.org/10.1111/anae.15960
https://doi.org/10.1001/jama.2022.13416
https://doi.org/10.1097/00003086-200111000-00031
https://doi.org/10.1097/00003086-200111000-00031
https://doi.org/10.1016/j.thromres.2022.03.001
https://doi.org/10.1016/j.thromres.2022.03.001

	Effect of bone cement sealing of the intramedullary femoral canal on coagulation status after total knee arthroplasty: a retrospective thromboelastography study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients and groups
	Surgical procedure and peri-operative management
	Parameters
	Indications for allogeneic blood transfusion
	Statistical analysis

	Results
	Patients’ characteristics
	TEG characteristics of patients with two group
	Blood loss and post-operative complications

	Discussion
	Conclusion
	Acknowledgements
	References


