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Abstract

Introduction

The high-flow nasal cannula (HFNC) has become a widely used respiratory support system,
which has proven to be effective in different populations. The facilitation of oral communica-
tion and feeding have been described as advantages of this support. Nevertheless, swallow-
ing disorders associated with the use of HFNC have been postulated. However, such
evidence is scattered in the literature, not systematically searched, and needs to be ade-
quately summarised. This review aimed to explore the literature, to identify and map the evi-
dence, regarding the frequency and methods of assessment of swallowing disorders in
adult HENC users, in both critical and non-critical units.

Materials and methods

A scoping review will be conducted. A systematic search in MEDLINE (Ovid), Embase
(Ovid), CENTRAL, CINAHL (EBSCOhost), and other resources will be conducted. Primary
studies, in any language or publication status, assessing the incidence of swallowing disor-
ders in adults with HFNC support will be included. Two reviewers will independently select
studies and extract data. Disagreements will be resolved by consensus or a third reviewer.
The results will be reported narratively, using tables and figures to support them.
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Discussion

Positive end-expiratory pressure generated in the airway by HFNC could impair the proper
swallowing performance. Knowing the methodological characteristics, the instruments or
scales used to assess the presence of dysphagia, and the results of the studies may contrib-
ute to considering swallowing assessment in this population on a routine basis, as well as to
guide the conduct of new studies that may respond to less researched areas in this topic.

Registration
Registration number: INPLASY2022110078.

Introduction

The high-flow nasal cannula (HFNC) has become a widely used respiratory support system
[1], increasing in use due to the COVID-19 pandemic [2]. A number of studies have reported
the effectiveness of HFNC, especially in hypoxemic respiratory failure, to avoid invasive
mechanical ventilation [3-5] and the weaning process to avoid respiratory failure post-extuba-
tion [3, 6, 7]. The main mechanisms that explain its effects are airway humidification,
decreased resistance, flushing of the upper airway dead space, ability to deliver O, at planned
concentrations, and the possibility of generating positive end-expiratory pressure [8].

Several advantages of using HFNC compared to conventional oxygen masks [9-11] and
non-invasive mechanical ventilation have been described [12-14]. Increased comfort is fre-
quently mentioned by people undergoing HFNC, as adequate communication and oral feed-
ing are allowed during its use [15-17].

Despite the advantages of using HFNC, some minor adverse effects have been reported, the
most common being epistaxis and nasal discomfort associated with dryness [18]. However, the
possibility of more serious adverse events, such as aspiration pneumonia associated with using
HFNGC, has been postulated [19].

Most of the research related to the research question posed in this protocol has focused on
pediatrics, probably because the evidence supports the use of HFNC in this population [20,
21]. Evidence synthesis studies that have considered this topic in the adult population have not
focused on methods of assessment disorders and have not been conducted using a systematic
methodology [22, 23]. In addition, have limited the inclusion of studies by publication status
[22], and have presented findings by summarizing studies separately rather than in an integra-
tive analysis [22].

There are currently different primary studies using diverse assessment methodologies,
which report disparate results on the incidence of swallowing disorders. However, such evi-
dence is scattered in the literature, not systematically searched, and needs to be adequately
summarized. Therefore, the findings of this scoping review would provide insight into the
methodological characteristics, the frequency of swallowing disorders, and the instruments or
scales used to assess their presence. This could be used as a basis for further analytical studies,
or systematic diagnostic reviews, that could address this less researched area, and ultimately
contribute to considering swallowing assessment in this population on a routine basis.

This review aimed to explore the literature to identify and map the evidence regarding the
frequency and methods of assessing swallowing disorders in adult HFNC users in critical and
non-critical units.
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Materials and methods

A scoping review will be conducted following the updated recommendations of the Joanna
Briggs Institute (JBI) [24]. The protocol for this review was registered on the International
Platform of Registered Systematic Review and Meta-analysis Protocols (INPLASY) under the
number INPLASY2022110078, and it was reported following Preferred Reporting Items for
Systematic Review and Meta-analysis Protocols (PRISMA-P) (S1 Checklist) [25]. The results
will be reported following the Extension for Scoping Reviews of the Preferred Reporting Items
for Systematic Reviews and Meta-analyses statement (PRISMA-ScR) [26].

Search strategy

A systematic search will be conducted in MEDLINE, through the Ovid platform; Embase,
through the Ovid platform; Cochrane Collaboration Central Register of Controlled Trials
(CENTRAL), through the Cochrane Library; and Cumulative Index of Nursing and Allied Lit-
erature(CINAHL), through the EBSCOhost platform. The strategy will consider a sensitive
approach, controlled language (MeSH, EMTREE, CINAHL Subject Heading), and natural lan-
guage. The strategy to be used for MEDLINE-Ovid will be adapted to construct the search in
the other databases (Table 1).

In addition, clinical trial registries will be searched (https://clinicaltrials.gov/ and https://
trialsearch.who.int/), and references from reviews related to the objective of this scoping
review and included studies will be evaluated.

Eligibility criteria
Eligibility criteria for study selection will be divided into participants or populations included
in the studies, the concept or phenomenon involved, and the context in which the studies were

Table 1. Search strategy for MEDLINE using the Ovid platform.

N* Search term

1 exp Oxygen/

2 exp Oxygen Inhalation Therapy/

3 Cannula/

4 (1or2)and3

5 ((high flow or highflow or high-flow or high frequency or nasal$) adj6 can?ul$).af.
6 ((high flow or highflow or high-flow or high frequency or prong$) adj6 nasal$).af.
7 ((high flow or highflow or high-flow or high frequency) adj4 oxygen$).af.

8 (HFNC or HENP or Vapotherm or Optiflow, or Respircare).af.

9 transnasal insufflation.af.

10 or/4-9

11 Deglutition/

12 exp Deglutition Disorders/

13 (swallow$ or deglutit$ or dysphag$).af.

14 exp Respiratory Aspiration/ or exp Pneumonia, Aspiration/

15 (inhal$ or aspirat$ or ingest$).af.

16 Pharynx/ or pharyngeal muscles/ or esophageal sphincter, upper/ or exp Esophagus/
17 (throat or oesophag$ or esophag$ or pharyn$ or oropharyn$).af.

18 or/11-17

19 10 and 18

https://doi.org/10.1371/journal.pone.0291803.t001
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conducted (PCC framework) [24]. In addition, the design of the studies will be considered for
inclusion in this review.

Participants. We will include studies that have recruited adults (18 years or older). These
may be healthy people who have voluntarily participated in studies to evaluate the use of
HENC or have a disease requiring acute or chronic use of HFNC.

Concept. Studies evaluating swallowing disorders during the application of HFNC will be
included. The tools or scales used to assess dysphagia, the programmed flows in HENC, and
the resulting inspired O, fraction will not limit the inclusion of studies. Any HFNC device or
equipment will be considered eligible.

Context. Studies conducted in the hospital, post-discharge care, or home care settings will
be included. Studies conducted in research centers will also be considered. If HFNC is used as
a method to avoid invasive mechanical ventilation or in the context of preventing post-extuba-
tion failure, it will not limit the inclusion of studies.

Study designs. Primary studies (clinical trials, cohort studies, case-control, cross-sectional,
and case reports) will be included. Regarding publication status, studies reported as full text or
abstracts presented in conference proceedings will be included. The language, as well as the pub-
lication date of the studies, will not limit their inclusion. For the translation of studies published
in languages other than English and Spanish, researchers who are native speakers of the language
of publication will be contacted to resolve doubts regarding the general context of the study.

Selection of studies

Once the studies have been searched, duplicates will be removed using the Mendeley® refer-
ence manager (Mendeley Desktop Version 1.19.8 - Elsevier Inc.) and the Rayyan® app [27].
Titles and abstracts will be independently screened by two research team members, who will
discard studies irrelevant to this review. Subsequently, the full texts of the potential investiga-
tions to be included will be analyzed to determine which articles meet all the eligibility criteria.
The Rayyan®) app will be used for this stage [27].

In the first instance, disagreements will be resolved by consensus, and if they persist, a third
reviewer will determine the inclusion of the studies.

Information extraction

Two reviewers will independently extract information from the included studies. An extrac-
tion form specifically designed to meet the objectives of this review will be used and developed
in a Microsoft Excel® spreadsheet.

The information to be extracted will include aspects related to the characteristics of the pub-
lications and studies, as well as the population, HFNC devices or equipment, HFNC therapy
programming, frequency (prevalence or incidence) of swallowing disorder and their assess-
ment instruments or scales, and authors’ findings or conclusions (Table 2).

Data extraction will be carried out by 4 researchers in pairs of one experienced and one
novice reviewer. In the first instance, disagreements will be resolved by consensus, and if they
persist, a third reviewer will determine the inclusion of the studies.

Synthesis of information

The search results and selection of studies will be reported through a PRISMA flow chart [28].
In addition, the reasons for excluding full-text evaluated studies will be reported in a table.
Findings will be reported for all studies and separated by those conducted in critical and non-
critical settings. The critical setting will comprise the intensive critical units, and the non-criti-
cal setting will comprise all other units and the out-of-hospital.
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Table 2. Description of data to be extracted.

Information Description
Identification of the Title of the study, journal name, year of publication, authors’ names, and authors’
studies nationality.
Population Age, condition that led to the use of HFNC, and time of use of HENC
HFNC Device and parameters (flow, temperature level, FiO,)
Dysphagia assessment Professional conducting the assessment, assessment protocol, assessment tool, or scale.
Author’s findings Incidence and severity of dysphagia according to flow used and authors’” conclusions.

HENC: High-flow nasal cannula; FiO,: Fraction inspired of O,

https://doi.org/10.1371/journal.pone.0291803.t002

The results will be reported in narrative form, and tables and figures will synthesize the
information. Waffle charts [29], or similar, will represent the different primary study designs
included.

Ethics and dissemination

As a synthesis of evidence, this study does not involve the participation of people whose rights
may be violated. However, this scoping review will be developed rigorously and systematically
to achieve valid and reliable results.

The findings of scoping review will be presented at conferences and published in a peer-
reviewed journal related to critical care or speech therapy.

Discussion

Positive end-expiratory pressure generated in the airway by HFNC, with varying values
depending on the flow used, could impair the proper swallowing performance, altering syn-
chronization of breathing and swallowing [22]. This could be explained by the fact that during
normal swallowing, the contact time phase of the vellum against the posterior pharyngeal wall
is delayed. It is possible that positive pressure increases this delay and causes aspiration
through the vellum and opening of the rear pharyngeal wall [19].

The results of this scoping review will provide insight into published studies to determine a
possible relationship between the use of HENC and the presence of swallowing disorders.
Knowing the methodological characteristics, the relative dysphagia frequency and the instru-
ments or scales used to assess the presence of dysphagia and the results of the studies may
guide the conduct of new studies that may respond to less researched areas in this topic and
contribute to considering swallowing assessment in this population on a routine basis.

Supporting information

S1 Checklist. PRISMA-P 2015 checklist.
(DOCX)

Acknowledgments

The members of the INTRehab Research Group are Adriana Lastra Morales, Mauricio Conta-
dor Pastene, Marjorie Valdés Araneda, Osvaldo Cabrera Roman, Cristian Olave Contreras,
Paula Herrera Torres, Francisco Salinas Barahona, Rocio Salazar Invernizzi, Ruvistay Gutiér-
rez Arias, Valeria Rivas Galvez, Macarena Cerda Magna, Roberto Vergara Cabezas, Geraldine
Castaiieda Ayala, Paulina Wilson Meyer, Teresita Cortés Trivelli, Martina Angulo Henriquez,

PLOS ONE | https://doi.org/10.1371/journal.pone.0291803  October 9, 2023 5/7


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0291803.s001
https://doi.org/10.1371/journal.pone.0291803.t002
https://doi.org/10.1371/journal.pone.0291803

PLOS ONE

Assessing swallowing disorders in adults on high-flow nasal cannula

Carmen Echeverria Valdebenito, Mathias Olivares Alvarez, Sebasti4n Calderén Fuentes, Vic-
toria Gonzalez Berrios, Ivan Ramirez Venegas, Ariela Moreno Huircaleo, Ignacio Cortéz Bar-
riento, Karim Alul Araya, Melanin Aldunce Saavedra, Sofia Keppeler Bertolotto, Natalia
Gahona Estay, Andrea Cardenas Castafio, Sthephanie Rodriguez Norambuena, Natalia Gua-
jardo Latorre, Olenka Villlalon Banderas, Angel Castro Becerra, Diego Ibacache Huerta, Pablo
Gomez Soto, Maria Paz Riquelme Velasquez, Constanza Toro Garcia, Sthefany Quezada Her-
nandez, Gabriel Salgado Maldonado, Paola Letelier Valdivia, Catalina Orellana Molnar &
Katherine Peralta Arancibia.

Author Contributions

Conceptualization: Ruvistay Gutierrez-Arias, Gabriel Salgado-Maldonado,
Paola Letelier Valdivia, Francisco Salinas-Barahona, Carmen Echeverria-Valdebenito,
Pamela Seron.

Methodology: Ruvistay Gutierrez-Arias, Pamela Seron.
Project administration: Ruvistay Gutierrez-Arias.
Supervision: Ruvistay Gutierrez-Arias.

Writing - original draft: Ruvistay Gutierrez-Arias.

Writing - review & editing: Gabriel Salgado-Maldonado, Paola Letelier Valdivia,
Francisco Salinas-Barahona, Carmen Echeverria-Valdebenito, Pamela Seron.

References

1. HelvizY, Einav S. A Systematic Review of the High-flow Nasal Cannula for Adult Patients. Crit Care.
2018; 22:71. hitps://doi.org/10.1186/s13054-018-1990-4 PMID: 29558988

2. Tomii K, Terada J, Chin K. Increased usage of the high flow nasal cannula in COVID-19 cases in Japan
-from the online questionnaire survey by the Japanese Respiratory Society-. Respir Investig. 2021;
59:666-9. https://doi.org/10.1016/j.resinv.2021.05.009 PMID: 34162526

3. XuZLiY,ZhouJ,LiX, Huang, Liu X, et al. High-flow nasal cannula in adults with acute respiratory
failure and after extubation: a systematic review and meta-analysis. Respir Res. 2018; 19:202. https://
doi.org/10.1186/s12931-018-0908-7 PMID: 30326893

4. Nagata K, Morimoto T, Fujimoto D, Otoshi T, Nakagawa A, Otsuka K, et al. Efficacy of High-Flow Nasal
Cannula Therapy in Acute Hypoxemic Respiratory Failure: Decreased Use of Mechanical Ventilation.
Respir Care. 2015; 60:1390-6. https://doi.org/10.4187/respcare.04026 PMID: 26106206

5. Saillard C, Lambert J, Tramier M, Chow-Chine L, Bisbal M, Servan L, et al. High-flow nasal cannula fail-
ure in critically ill cancer patients with acute respiratory failure: Moving from avoiding intubation to avoid-
ing delayed intubation. PLoS One. 2022; 17:€0270138. https://doi.org/10.1371/journal.pone.0270138
PMID: 35767521

6. Hernandez G, Vaquero C, Colinas L, Cuena R, Gonzélez P, Canabal A, et al. Effect of Postextubation
High-Flow Nasal Cannula vs Noninvasive Ventilation on Reintubation and Postextubation Respiratory
Failure in High-Risk Patients. JAMA. 2016; 316:1565.

7. Thille AW, Muller G, Gacouin A, Coudroy R, Decavele M, Sonneville R, et al. Effect of Postextubation
High-Flow Nasal Oxygen With Noninvasive Ventilation vs High-Flow Nasal Oxygen Alone on Reintuba-
tion Among Patients at High Risk of Extubation Failure. JAMA. 2019; 322:1465.

8. Nishimura M. High-Flow Nasal Cannula Oxygen Therapy in Adults: Physiological Benefits, Indication,
Clinical Benefits, and Adverse Effects. Respir Care. 2016; 61:529—41. https://doi.org/10.4187/respcare.
04577 PMID: 27016353

9. Maggiore SM, Idone FA, Vaschetto R, Festa R, Cataldo A, Antonicelli F, et al. Nasal High-Flow versus
Venturi Mask Oxygen Therapy after Extubation. Effects on Oxygenation, Comfort, and Clinical Out-
come. Am J Respir Crit Care Med. 2014; 190:282-8. https://doi.org/10.1164/rccm.201402-03640C
PMID: 25003980

10. Lee CC, Mankodi D, Shaharyar S, Ravindranathan S, Danckers M, Herscovici P, et al. High flow nasal
cannula versus conventional oxygen therapy and non-invasive ventilation in adults with acute hypox-
emic respiratory failure: A systematic review. Respir Med. 2016; 121:100-8. https://doi.org/10.1016/j.
rmed.2016.11.004 PMID: 27888983

PLOS ONE | https://doi.org/10.1371/journal.pone.0291803  October 9, 2023 6/7


https://doi.org/10.1186/s13054-018-1990-4
http://www.ncbi.nlm.nih.gov/pubmed/29558988
https://doi.org/10.1016/j.resinv.2021.05.009
http://www.ncbi.nlm.nih.gov/pubmed/34162526
https://doi.org/10.1186/s12931-018-0908-7
https://doi.org/10.1186/s12931-018-0908-7
http://www.ncbi.nlm.nih.gov/pubmed/30326893
https://doi.org/10.4187/respcare.04026
http://www.ncbi.nlm.nih.gov/pubmed/26106206
https://doi.org/10.1371/journal.pone.0270138
http://www.ncbi.nlm.nih.gov/pubmed/35767521
https://doi.org/10.4187/respcare.04577
https://doi.org/10.4187/respcare.04577
http://www.ncbi.nlm.nih.gov/pubmed/27016353
https://doi.org/10.1164/rccm.201402-0364OC
http://www.ncbi.nlm.nih.gov/pubmed/25003980
https://doi.org/10.1016/j.rmed.2016.11.004
https://doi.org/10.1016/j.rmed.2016.11.004
http://www.ncbi.nlm.nih.gov/pubmed/27888983
https://doi.org/10.1371/journal.pone.0291803

PLOS ONE

Assessing swallowing disorders in adults on high-flow nasal cannula

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Cuquemelle E, Pham T, Papon J-F, Louis B, Danin P-E, Brochard L. Heated and Humidified High-Flow
Oxygen Therapy Reduces Discomfort During Hypoxemic Respiratory Failure. Respir Care. 2012;
57:1571-7. https://doi.org/10.4187/respcare.01681 PMID: 22417569

Frat J-P, Brugiere B, Ragot S, Chatellier D, Veinstein A, Goudet V, et al. Sequential Application of Oxy-
gen Therapy Via High-Flow Nasal Cannula and Noninvasive Ventilation in Acute Respiratory Failure:
An Observational Pilot Study. Respir Care. 2015; 60:170-8. https://doi.org/10.4187/respcare.03075
PMID: 25294935

Sztrymf B, Messika J, Bertrand F, Hurel D, Leon R, Dreyfuss D, et al. Beneficial effects of humidified
high flow nasal oxygen in critical care patients: a prospective pilot study. Intensive Care Med. 2011;
37:1780-6. hitps://doi.org/10.1007/s00134-011-2354-6 PMID: 21946925

Stéphan F, Bérard L, Rézaiguia-Delclaux S, Amaru P. High-Flow Nasal Cannula Therapy Versus Inter-
mittent Noninvasive Ventilation in Obese Subjects After Cardiothoracic Surgery. Respir Care. 2017;
62:1193-202. https://doi.org/10.4187/respcare.05473 PMID: 28807988

Koyauchi T, Hasegawa H, Kanata K, Kakutani T, Amano Y, Ozawa Y, et al. Efficacy and Tolerability of
High-Flow Nasal Cannula Oxygen Therapy for Hypoxemic Respiratory Failure in Patients with Intersti-
tial Lung Disease with Do-Not-Intubate Orders: A Retrospective Single-Center Study. Respiration.
2018; 96:323-9. https://doi.org/10.1159/000489890 PMID: 29954000

Shibata H, Takeda N, Suzuki Y, Katoh T, Yoshida N, Hasegawa Y, et al. <Editors’ Choice> Effects of
high-flow nasal cannula oxygen therapy on oral intake of do-not-intubate patients with respiratory dis-
eases. Nagoya J Med Sci. 2021; 83:509-22.

Viner Smith E, Ridley EJ, Rayner CK, Chapple LS. Nutrition Management for Critically Ill Adult Patients
Requiring Non-Invasive Ventilation: A Scoping Review. Nutrients. 2022; 14:1446. https://doi.org/10.
3390/nu14071446 PMID: 35406058

Sotello D, Rivas M, Mulkey Z, Nugent K. High-Flow Nasal Cannula Oxygen in Adult Patients: A Narra-
tive Review. Am J Med Sci. 2015; 349:179-85. https://doi.org/10.1097/MAJ.0000000000000345 PMID:
25285514

Arizono S, Oomagari M, Tawara Y, Yanagita Y, Machiguchi H, Yokomura K, et al. Effects of different
high-flow nasal cannula flow rates on swallowing function. Clin Biomech. 2021; 89:105477. https://doi.
org/10.1016/j.clinbiomech.2021.105477 PMID: 34555543

Walter S, DeLeon S, Walther JP, Sifers F, Garbe MC, Allen C. The nutritional impact of a feeding proto-
col for infants on high flow nasal cannula therapy. Nutr Clin Pract. 2022; 37:935—44. https://doi.org/10.
1002/ncp.10817 PMID: 35072294

Canning A, Clarke S, Thorning S, Chauhan M, Weir KA. Oral feeding for infants and children receiving
nasal continuous positive airway pressure and high flow nasal cannula: a systematic review. BMC
Pediatr. 2021; 21:83. https://doi.org/10.1186/s12887-021-02531-4 PMID: 33596866

Devlin C, O'Bryan R. Effects of Oxygen via High-Flow Nasal Cannula on Adult Oropharyngeal Swallow-
ing: A Literature Review. Perspect ASHA Spec Interes Groups. 2021; 6:631-8.

Sbaih N, Hawthorne K, Lutes J, Cavallazzi R. Nutrition Therapy in Non-intubated Patients with Acute
Respiratory Failure. Curr Nutr Rep. 2021; 10:307—-16. https://doi.org/10.1007/s13668-021-00367-z
PMID: 34463939

Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, et al. Updated methodological guid-
ance for the conduct of scoping reviews. JBI Evid Synth. 2020; 18:2119-26. https://doi.org/10.11124/
JBIES-20-00167 PMID: 33038124

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015; 4:1.
https://doi.org/10.1186/2046-4053-4-1 PMID: 25554246

Tricco AC, Lillie E, Zarin W, O’'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping
Reviews (PRISMA-ScR): Checklist and Explanation. Ann Intern Med. 2018; 169:467—73. https://doi.
org/10.7326/M18-0850 PMID: 30178033

Ouzzani M, Hammady H, Fedorowicz Z, EImagarmid A. Rayyan—a web and mobile app for systematic
reviews. Syst Rev. 2016; 5:210. https://doi.org/10.1186/s13643-016-0384-4 PMID: 27919275

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ. 2021; 372:n71. https://doi.org/
10.1136/bmj.n71 PMID: 33782057

Pollock D, Peters MDJ, Khalil H, Mclnerney P, Alexander L, Tricco AC, et al. Recommendations for the
extraction, analysis, and presentation of results in scoping reviews. JBI Evid Synth. 2022;Publish Ah.

PLOS ONE | https://doi.org/10.1371/journal.pone.0291803  October 9, 2023 7/7


https://doi.org/10.4187/respcare.01681
http://www.ncbi.nlm.nih.gov/pubmed/22417569
https://doi.org/10.4187/respcare.03075
http://www.ncbi.nlm.nih.gov/pubmed/25294935
https://doi.org/10.1007/s00134-011-2354-6
http://www.ncbi.nlm.nih.gov/pubmed/21946925
https://doi.org/10.4187/respcare.05473
http://www.ncbi.nlm.nih.gov/pubmed/28807988
https://doi.org/10.1159/000489890
http://www.ncbi.nlm.nih.gov/pubmed/29954000
https://doi.org/10.3390/nu14071446
https://doi.org/10.3390/nu14071446
http://www.ncbi.nlm.nih.gov/pubmed/35406058
https://doi.org/10.1097/MAJ.0000000000000345
http://www.ncbi.nlm.nih.gov/pubmed/25285514
https://doi.org/10.1016/j.clinbiomech.2021.105477
https://doi.org/10.1016/j.clinbiomech.2021.105477
http://www.ncbi.nlm.nih.gov/pubmed/34555543
https://doi.org/10.1002/ncp.10817
https://doi.org/10.1002/ncp.10817
http://www.ncbi.nlm.nih.gov/pubmed/35072294
https://doi.org/10.1186/s12887-021-02531-4
http://www.ncbi.nlm.nih.gov/pubmed/33596866
https://doi.org/10.1007/s13668-021-00367-z
http://www.ncbi.nlm.nih.gov/pubmed/34463939
https://doi.org/10.11124/JBIES-20-00167
https://doi.org/10.11124/JBIES-20-00167
http://www.ncbi.nlm.nih.gov/pubmed/33038124
https://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/pubmed/30178033
https://doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/pubmed/27919275
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1371/journal.pone.0291803

