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and lethality rate among hospitalized patients, prevention is 
particularly important, and active and effective prevention is an 
important line of defense in safeguarding the lives of patients [6].

At present, DVT prevention is mainly carried out in three aspects, 
namely, basic prevention, drug prevention and mechanical 
prevention. Basic prevention includes encouraging patients to 
do exercises such as ankle pump exercise and straight leg raising 
exercise, paying attention to diet, and keeping stools usually, 
etc. However, these preventive activities are difficult to attract 
patients' attention, and surveys show that patients' adherence to 
or implementation of such preventive methods is relatively low; 
drug prevention, although it has a better preventive effect, needs 
to be taken into consideration. 

Although drug prevention has a better preventive effect, it needs 

INTRODUCTION

DVT is an abnormal clotting of blood in the deep veins 
due to various reasons, which in turn affects the venous 
blood return obstacle disease, mostly in the lower limbs [1]. 
Thrombus dislodgement to the lungs can cause Pulmonary 
Embolism (PE), DVT and PE are collectively known as Venous 
Thromboembolism (VTE), which are two manifestations of the 
same disease in different locations and at different times, it is 
the third most common cardiovascular disease after myocardial 
infarction and stroke, it is also one of the leading preventable 
causes of death in hospitalized patients [2-5]. The main adverse 
consequences of DVT are PE and post-thrombotic syndrome, 
which can severely reduce patients' quality of life and even cause 
severe organ dysfunction and death. VTE has a high morbidity 

ABSTRACT
Objective: Systematic evaluation of the effect of neuromuscular electrical stimulation in the prevention of deep vein 
thrombosis in patients, providing evidence-based medicine for clinical prevention of venous thrombosis.

Methods: A computerized search of PubMed, The Cochrane Library, Web of Science, and Embase was performed 
to collect published literature on the prevention of the development of Deep Vein Thrombosis (DVT) in patients 
with Neuromuscular Electrical Stimulation (NMES), with a timeframe of from the time of library construction to 
August 2024. Literature screening, data extraction, and quality assessment were performed independently by two 
investigators according to the inclusion and exclusion criteria, and then Meta-analysis was performed using RevMan 
5.4 software.

Results: A total of 11 papers with 1040 study subjects were included. Meta-analysis showed that NMES could reduce 
the incidence of DVT (Risk Ratio (RR)=0.55, 95% Confident Interval (CI): (0.43, 0.70), p<0.00001), accelerate 
venous blood flow in the lower extremities Mean Difference (MD=6.27, 95% CI (2.64, 9.91), p=0.0007), however, 
there is insufficient evidence of improvement in D-dimer (DD) levels. 

Conclusion: Neuromuscular electrical stimulation can prevent DVT in patients, but the quality level of the literature 
is not high, and high quality clinical studies are still needed to further validate and analyze its efficacy.
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Literature screening and data extraction

All the literature was imported into NoteExpress software, and 
according to the inclusion and exclusion criteria, two researchers 
read the title and abstract respectively for initial screening, and 
then read the full text of the eligible literature for re-screening, 
and if there was any disagreement, it could be judged through 
discussion or the assistance of the third researcher. 

Data extraction: 1) Basic information: first author, time of 
publication; 2) Basic characteristics of the study population: 
grouping method, sample size, age, gender, and intervention; 3) 
Outcome indexes of interest: The primary outcome index was the 
incidence of DVT, and the secondary outcome indexes included 
venous blood flow velocity and DD. After data extraction was 
completed, cross-checking was performed by two researchers.

Literature quality assessment and risk of bias

The methodological quality of the included studies was evaluated 
independently by two investigators, with discussion or a third 
investigator assisting in judgment when there was disagreement 
in the evaluation. The Cochrane Handbook 5.1.0 was used for 
quality evaluation of randomized controlled studies.

Statistical analysis

Meta-analysis was performed using RevMan 5.4 software. Relative 
Risk (RR) was used as the effect analysis statistic for count data 
and its 95% CI was provided; MD or Standard Mean Difference 
(SMD) and 95% CI were used as the statistical effect measures 
for continuous data. When testing for heterogeneity, if there was 
no significant heterogeneity between the results of each study 
(p ≥ 0.05, I2<50%), a fixed-effects model was used for Meta; if 
there was significant heterogeneity between the results of each 
study (p<0.05, I2 ≥ 50%), a random-effects model was used for 
Meta-analysis. Obvious clinical heterogeneity was analyzed using 
subgroup analysis or descriptive analysis only. Funnel plots were 
used to evaluate the presence of publication bias.

RESULTS

Literature screening process and results

A total of 1608 relevant literatures were searched. After initial 
screening, elimination of duplicates, and re-screening, 11 pieces 
of literature were finally included. The literature screening 
process is shown in Figure 2.

Basic characteristics of included studies and results of 
risk of bias evaluation

The basic characteristics of the included studies are shown in Table 
1, and the results of the risk of bias evaluation are shown in Figure 3.

Sensitivity analysis and publication bias

Mete analysis revealed high inter-study heterogeneity, and 
sensitivity analysis using the method of excluding single studies 
one by one revealed that there was still significant heterogeneity; 
therefore, this study explored the source of heterogeneity by 
conducting subgroup analysis based on different intervention 
protocols in the trial group. Because this study involved fewer 
than 10 articles, the risk of publication bias was not assessed.

to take into account the risk of bleeding, which leads to a part of 
patients to reduce the dosage of medication or the existence of 
contraindications to the use of medication, thus failing to achieve 
the preventive effect, which leads to the existence of certain 
limitations of drug prevention; Mechanical prophylaxis, which 
has an exact VTE prevention effect and does not increase the risk 
of bleeding in patients, plays a pivotal role in clinical practice, 
such as Intermittent Pneumatic Compression (IPC), Gradient 
Compression Stockings (GCS), and Plantar Phlebotomy Pumps 
(VFP) have been recommended by domestic and international 
guidelines, and in recent years, Neuromuscular Electrical 
Stimulation (NMES) has entered the public eye as a new type of 
mechanical prophylaxis with high safety, patient acceptance and 
compliance [7]. NMES has entered the public eye in recent years 
as a new type of mechanical prophylaxis with high safety, patient 
acceptance, and compliance, and has entered clinical use at home 
and abroad. However, there is a lack of systematic evaluation of 
the effect of NMES in venous thrombosis prevention, and this 
study provides an in-depth analysis and comparison of the effect 
of NMES to provide an evidence-based medical basis for clinical 
prevention of venous thrombosis.

MATERIALS AND METHODS

Study selection

Studies included were Randomized Controlled Trials (RCTs) 
published in English or Chinese. Participants were adults aged 
18 or older, without a history of VTE, and excluding those 
with hemodynamic instability or severe organ dysfunction. The 
experimental group received NMES or NMES combined with a 
control program, while the control group received routine care 
or other nursing treatments. The primary outcome was the 
incidence of DVT, and secondary outcomes included venous 
blood flow velocity and D-dimer levels. 

Inclusion criteria: 1: Study type: publicly published RCT, language 
limited to Chinese and English; 2) Study subjects: patients aged 
≥ 18 years and without VTE, excluding hemodynamic instability 
and severe organ dysfunction; 3) Intervention: NMES or NMES 
combined with control group program was adopted in the 
experimental group, and routine care or other nursing treatment 
was adopted in the control group; 4) Outcome indicators: the 
primary outcome indicator was the incidence of DVT, and 
the secondary outcome indicators included venous blood flow 
velocity and DD.

Exclusion criteria: 1) Repeatedly published literature; 2) Review, 
case reports; 3) Literature for which the full text was not available 
or the above outcome indicators were not reported.

Data sources and search strategy

Computerized searches were conducted in PubMed, The 
Cochrane Library, Web of Science, and Embase, with a 
timeframe of 2024. Subject and free word searches were 
conducted with the search terms “Electric Stimulation/ Electrical 
Stimulation/ neuromuscular electrical stimulation/NMES” 
“Thrombosis/Thromboses/Thrombus/Venous Thrombosis/ 
Venous Thromboses/ Phlebothrombosis/ Phlebothromboses/ 
Deep Vein Thrombosis / Deep Vein Thromboses/ Deep Venous 
Thrombosis/ Deep Venous Thromboses/DVT”. Taking PubMed 
as an example, the specific search strategy is shown in Figure 1.
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Figure 1: PubMed search strategy.

Figure 2: PRISMA flow diagram of record identification, screening and selection in meta-analysis. Note: PRISMA: Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses.

Table 1: Basic characteristics of included studies (n=11).

Study Design Sample T/C
Age Gender（M/F） Intervention

Outcomes
T C T C T C

Calbiyik et al. [8] RCT 32/32 62.0 ± 14.2 61.5 ± 12.4 15/17 16/16 NMES+LMWH
NMES+ressure 

bandage
2,3

Chen et al. [9] RCT 29/29 - - - - NMES+IPC IPC 1,2,3

Xiao-qi et al. [10] RCT 38/38 58.39 ± 12.29 58.79 ± 12.11 21/17 23/15
NMES+general 

nursing
general nursing 1,3
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Wainwright et al. 
[11]

RCT 14/11 68.50 ± 8.97 66.82 ± 10.03 5/9 4/7 NMES GCS 1

Yilmaz et al. [12] RCT 15/15 63.4 ± 5.91 63.86 ± 7.47 9/7 8/7 NMES+LMWH+GCS LMWH+GCS 1,2

Velmahos et al. 
[13]

RCT 26/21 32 ± 15 45 ± 21 21/5 16/5
NMES+general 

nursing
general nursing 1

Prevot et al. [14] RCT 75/75 - - - -
NMES+ general 

nursing
general nursing 1

Boström et al. [15] RCT 40/49 59 ± 1 60 ± 1 24/22 32/26 NMES+Dextran LMWH 1

Lindström et al. 
[16]

RCT 37/40 63.7 66.5 - -
NMES+general 

nursing
general nursing 1

Rosenberg et al. 
[17]

RCT 50/89 - - - -
NMES+general 

nursing
general nursing 1

Moloney et al. [18] RCT 113/172 - - - -
NMES+general 

nursing
general nursing 1

Note: RCT: Randomized Clinical Trails; T: Test group; C: Control group; NMES: Neuromuscular Electrical Stimulation; LMWH: Low Molecular 
Weight Heparin; IPC: Intermittent Pneumatic Compression; GCS: Graduated Compression Stockings; 1: DVT incidence; 2: Peak femoral vein blood 
velocity; 3: D-Dimer

Figure 3: Risk of bias map for included studies (n=11).

p=0.0001), adopting a random-effects model, as shown in Figure 
5. Heterogeneity disappeared after the exclusion of Chen's study 
(I2=0%, p=0.39), and the possible reason analyzed was that the 
methods of blood flow rate measurement were different.

D-Dimer: Three studies used DD as an outcome indicator, with 
significant heterogeneity across studies (I2=99%, p<0.00001), and 
a random-effects model was adopted, with subgroup analyses 
grouped according to the different intervention protocols in the 
experimental group, as shown in Figure 6. The results show that 
only one study was included in each group, and only descriptive 
analyses were performed.

Meta-analysis results

Incidence of DVT: Eleven studies used DVT incidence as an 
outcome indicator, with no significant heterogeneity among 
studies (I2=23%, p=0.24), and Meta-analysis using a fixed-effects 
model, with a statistically significant difference in the results 
of the combined effect sizes (RR=0.57, 95% CI (0.44, 0.74), 
p<0.0001), as shown in Figure 4.

Venous blood flow rate of the lower limbs: Three studies 
used venous blood flow rate as an outcome indicator, and 
there was significant heterogeneity among the studies (I2=89%, 
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main conclusion was that NMES is effective in preventing lower 
extremity venous thrombosis in hospitalized patients. 

The quality of the literature was reviewed using the Cochrane 
Handbook tool and the results showed moderate quality. Patient 
baseline information was comparable in all studies (p>0.05).Five 
studies performed allocation concealment and ten studies used 
random number tables, computerized randomization. Some 
studies did not report the randomization method, allocation 
concealment and blinding in detail, which may have some bias.

DISCUSSION

Methodological quality of included studies

Eleven studies with 1040 patients were included. The interventions 
in the control group were intermittent pneumatic compression 
therapy and anticoagulant medication, and the interventions 
in the trial group were NMES or NMES combined with other 
prophylactic measures. The outcome indicators included DVT 
incidence, lower extremity venous blood flow rate D-dimer. The 

Figure 4: Forest plot comparing the incidence of DVT. Note: DVT: Deep Vein Thrombosis

Figure 5: Forest plot for comparison of venous blood flow rates in the lower extremities.

Figure 6: Forest plot for DD comparison. Note: DD: D-Dimer
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Analysis of the effect of NMES on the prevention of 
lower extremity DVT in patients

The results of this Meta-analysis show that NMES can prevent 
the occurrence of DVT, accelerate the blood flow in the lower 
limbs and improve the coagulation function. Bedridden patients, 
especially critically ill patients, have increased the occurrence of 
DVT due to braking, trauma, surgery, invasive operations that 
affect blood flow in the lower limbs, causing endothelial damage 
and their own diseases that lead to blood in a hypercoagulable 
state. NMES works by utilizing the electrical excitability of 
the nerve cells, stimulating the nerves with pulsed current to 
cause the corresponding muscle contraction, increasing the 
venous blood flow rate [19]. At the same time, it can improve 
the coagulation function, D-dimer mainly reflects the function 
of fibrinolysis, high sensitivity, and its elevation indicates that 
there may be hypercoagulable state in the body, and the normal 
can basically exclude the VTE. The results of the present study 
show that NMES reduces the incidence of DVT, and significantly 
speeds up the femoral vein blood flow rate; as for D-dimer, only 
three studies reported DD results and there was significant 
heterogeneity, in both studies by Calbiyik et al., and Nie et al., 
NMES was found to be increased after intervention compared to 
pre-intervention and both were higher than normal, Chen's study 
showed that although there was a decrease in the NMES group 
and the NMES combined with IPC group after intervention 
compared to pre-intervention, the NMES group was still higher 
than the normal range. We found that, unlike the results of 
some existing studies, there is doubt and insufficient evidence 
that NMES reduces D-dimer, and more high-quality studies are 
needed [8,9].

CONCLUSION

NMES has a preventive effect on lower limb DVT in patients, and 
the clinical studies on NMES prevention of DVT in patients have 
been gradually increasing and gaining attention in recent years. 
The quality of the literature included in this study is moderate, 
and in the future, the study design can be continuously improved 
to reduce the risk of bias and further explore the mechanism 
of action of NMES in preventing DVT in patients and related 
therapeutic parameters.

LIMITATIONS OF THE STUDY

This study's outcome metrics of lower extremity venous blood 
flow rate and DD are involved in a small body of literature.

RELEVANCE FOR CLINICAL PRACTICE

Based on the findings of this study, Hospitals can introduce 
neuromuscular electrical stimulation devices for use in patients 
who need to prevent deep vein thrombosis in the lower 
extremities, providing a better option for DVT prevention.

REFERENCES

1.	 Vascular surgery group of the Chinese medical association 
surgical branch. Guidelines for the diagnosis and treatment 
of deep vein thrombosis. Chin J Gen Surg. 2017(09):807-
812. 

2.	 Expert committee guidelines for the prevention and 

treatment of thrombotic diseases in china. Guidelines for 
the prevention and treatment of thrombophilia in China. 
Chin Med J. 2018(36):2861-2888. 

3.	 Debnath J, Sharma V. Diagnosing pulmonary 
thromboembolism: Concerns and controversies. Med J 
Armed Forces India. 2022;78(1):17-23. 

4.	 Giustozzi M, Franco L, Vedovati MC, Becattini C, Agnelli 
G. Safety of direct oral anticoagulants versus traditional 
anticoagulants in venous thromboembolism. J Thromb 
Thrombolysis. 2019;48:439-453. 

5.	 Fritz MK, Kincaid SE, Sargent CG, Green AH, Davis GA. 
Venous thromboembolism (VTE) risk stratification in 
general medical patients at an academic medical center. J 
Thromb Thrombolysis. 2021;51:67-73. 

6.	 Nicholson M, Chan N, Bhagirath V, Ginsberg J. Prevention 
of venous thromboembolism in 2020 and beyond. J Clin 
Med. 2020;9(8):2467. 

7.	 Kakkos SK, Gohel M, Baekgaard N, Bauersachs R, Bellmunt-
Montoya S, Black SA, et al. European Society for Vascular 
Surgery (ESVS) 2021 clinical practice guidelines on the 
management of venous thrombosis. Eur J Vasc Endovasc 
Surg. 2020:30868-30876. 

8.	 Calbiyik M, Yılmaz S. Role of neuromuscular electrical 
stimulation in increasing femoral venous blood flow after 
total hip prosthesis. Cureus. 2022;14(9). 

9.	 Chen X, Wang Y, Jia R, Du Y, Wu H, Wang T, et al. 
Intermittent Pneumatic Compression (IPC) combined 
with an electric stimulator in the prevention of venous 
thromboembolism in stroke patients. Am J Transl Res. 
2021;13(9):10837. 

10.	 Xiao-qi NI, Yu-hong GU, Gang CH, Lu JI. Clinical study on 
the prevention of spontaneous intracerebral hemorrhage of 
lower extremity deep venous thrombosis by neuromuscular 
electrical stimulation. Chin J Contemp Neurol Neurosurg. 
2020;20(8).   

11.	 Wainwright T W, Burgess L C, Middleton R G. A single-
centre feasibility randomised controlled trial comparing 
the incidence of asymptomatic and symptomatic deep vein 
thrombosis between a neuromuscular electrostimulation 
device and thromboembolism deterrent stockings in 
post-operative patients recovering from elective total hip 
replacement surgery. Surg Technol Int. 2020,36:1-10. 

12.	 Yilmaz S, Calbiyik M, Yilmaz BK, Aksoy E. Potential role 
of electrostimulation in augmentation of venous blood flow 
after total knee replacement: A pilot study. Phlebology. 
2016;31(4):251-256. 

13.	 Velmahos GC, Petrone P, Chan LS, Hanks SE, Brown CV, 
Demetriades D. Electrostimulation for the prevention of 
deep venous thrombosis in patients with major trauma: A 
prospective randomized study. Surgery. 2005;137(5):493-
498. 

14.	 Prevot JP, Mollard JM, Vinchon B. The prevention of 
thromboembolic disease by physical means. Use of an 
external electric stimulator. Initial results obtained during 
hip surgery. Phlebologie. 1988 Nov 1;41(4):815-817.  

https://www.sciencedirect.com/science/article/abs/pii/S0377123721001416
https://www.sciencedirect.com/science/article/abs/pii/S0377123721001416
https://link.springer.com/article/10.1007/s11239-019-01878-x
https://link.springer.com/article/10.1007/s11239-019-01878-x
https://link.springer.com/article/10.1007/s11239-020-02144-1
https://link.springer.com/article/10.1007/s11239-020-02144-1
https://www.mdpi.com/2077-0383/9/8/2467
https://www.mdpi.com/2077-0383/9/8/2467
https://angiolsurgery.org/society/organisations/esvs/guidelines/ESVS-Guidelines-Venous-Thrombosis-2021.pdf
https://angiolsurgery.org/society/organisations/esvs/guidelines/ESVS-Guidelines-Venous-Thrombosis-2021.pdf
https://angiolsurgery.org/society/organisations/esvs/guidelines/ESVS-Guidelines-Venous-Thrombosis-2021.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC9578661/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9578661/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9578661/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8507034/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8507034/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8507034/
https://openurl.ebsco.com/EPDB%3Agcd%3A5%3A30032709/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A145446913&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A5%3A30032709/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A145446913&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A5%3A30032709/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A145446913&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A5%3A30032709/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A145446913&crl=c&link_origin=scholar.google.com
https://surgicaltechnology.com/OpenAccess/1253-Wainwright%20-OS-FINAL-cr.pdf
https://surgicaltechnology.com/OpenAccess/1253-Wainwright%20-OS-FINAL-cr.pdf
https://surgicaltechnology.com/OpenAccess/1253-Wainwright%20-OS-FINAL-cr.pdf
https://surgicaltechnology.com/OpenAccess/1253-Wainwright%20-OS-FINAL-cr.pdf
https://surgicaltechnology.com/OpenAccess/1253-Wainwright%20-OS-FINAL-cr.pdf
https://surgicaltechnology.com/OpenAccess/1253-Wainwright%20-OS-FINAL-cr.pdf
https://surgicaltechnology.com/OpenAccess/1253-Wainwright%20-OS-FINAL-cr.pdf
https://journals.sagepub.com/doi/abs/10.1177/0268355515580473
https://journals.sagepub.com/doi/abs/10.1177/0268355515580473
https://journals.sagepub.com/doi/abs/10.1177/0268355515580473
https://www.sciencedirect.com/science/article/abs/pii/S0039606005000590
https://www.sciencedirect.com/science/article/abs/pii/S0039606005000590
https://www.sciencedirect.com/science/article/abs/pii/S0039606005000590
https://europepmc.org/article/med/3266798
https://europepmc.org/article/med/3266798
https://europepmc.org/article/med/3266798
https://europepmc.org/article/med/3266798


7

Li Y, et al. OPEN ACCESS Freely available online

Angiol Open Access, Vol.12 Iss.12 No:1000531

15.	 Boström S, Holmgren E, Jonsson O, Lindberg S, Lindström 
B, Winsö I, et al. Post-operative thromboembolism in 
neurosurgery: A study on the prophylactic effect of calf 
muscle stimulation plus dextran compared to low-dose 
heparin. Acta Neurochir. 1986;80:83-89. 

16.	 Lindström B, Holmdahl C, Jonsson O, Bengtsen K, 
Lindberg S, Petrusson B, et al. Prediction and prophylaxis 
of postoperative thromboembolis: A comparison between 
peroperative calf muscle stimulation with groups of impulses 
and dextran 40. Br J Surg. 1982;69(11):633-637. 

17.	 Rosenberg IL, Evans M, Pollock AV. Prophylaxis of 
postoperative leg vine thrombosis by low dose subcutaneous 

heparin or peroperative calf muscle stimulation: A controlled 
clinical trial. Br Med J. 1975;1(5959):649-651. 

18.	 Moloney GE, Morrell MT, Fell RH. The effect of electrical 
stimulation of the legs on postoperative thrombosis. Br J 
Surg. 1972;59(1):65-68. 

19.	 Bohl MA, Newell CA, Shvarts V, Haque A. neuromuscular 
electrical stimulation for venous thromboembolism 
prophylaxis and its effects on somatosensory-evoked 
potentials: A pretrial study of a new, US Food And Drug 
Administration (US-FDA)–approved device. World 
Neurosurg. 2020;144:e605-11. 

https://link.springer.com/article/10.1007/BF01812279
https://link.springer.com/article/10.1007/BF01812279
https://link.springer.com/article/10.1007/BF01812279
https://link.springer.com/article/10.1007/BF01812279
https://bjssjournals.onlinelibrary.wiley.com/doi/abs/10.1002/bjs.1800691102
https://bjssjournals.onlinelibrary.wiley.com/doi/abs/10.1002/bjs.1800691102
https://bjssjournals.onlinelibrary.wiley.com/doi/abs/10.1002/bjs.1800691102
https://bjssjournals.onlinelibrary.wiley.com/doi/abs/10.1002/bjs.1800691102
https://www.bmj.com/content/1/5959/649.short
https://www.bmj.com/content/1/5959/649.short
https://www.bmj.com/content/1/5959/649.short
https://www.bmj.com/content/1/5959/649.short
https://bjssjournals.onlinelibrary.wiley.com/doi/abs/10.1002/bjs.1800590118
https://bjssjournals.onlinelibrary.wiley.com/doi/abs/10.1002/bjs.1800590118
https://www.sciencedirect.com/science/article/abs/pii/S1878875020320337
https://www.sciencedirect.com/science/article/abs/pii/S1878875020320337
https://www.sciencedirect.com/science/article/abs/pii/S1878875020320337
https://www.sciencedirect.com/science/article/abs/pii/S1878875020320337
https://www.sciencedirect.com/science/article/abs/pii/S1878875020320337

