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Abstract

Background

Older patients often arrive in acute care wards with inappropriate footwear. Hospitals may

provide non-slip socks to improve the patients’ safety. However, few studies have been con-

ducted on the benefits of non-slip socks. A recent literature review found only two random-

ized controlled studies that evaluated non-slip socks, but the socks were not the primary

focus of the studies. The aim of this study is therefore to specifically evaluate the benefits of

non-slip socks on gait in hospitalized older people.

Methods

This open, randomized, controlled trial will include patients aged 75 years and over, hospi-

talized in an acute medical unit. Patients will be randomized to either remain barefoot or

wear non-slip socks throughout their stay. The primary outcome is gait speed, assessed on

Day 1 and Day 8.

Discussion

This randomized controlled trial should provide clinicians with a scientific rational for the rec-

ommendation, or not, of the use of non-slip socks for older patients in acute care hospitals.

Trial registration

https://clinicaltrials.gov/ on May 12, 2021 under the reference: NCT04882696 https://

clinicaltrials.gov/ct2/show/NCT04882696
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Introduction

Patients who are hospitalized following an unplanned admission often do not have appropriate

personal belongings for their stay. In older adults, a lack of appropriate footwear can lead to

hinder the rehabilitation process. Older patients in acute wards are frequently confused and

fatigued, and require early rehabilitation both to facilitate their orientation [1–3] as well as to

prevent falls [4]. Adequate footwear is thus essential so they can walk on the ward as soon as

possible, with or without assistance [5]. A simple, low-cost solution sometimes used by hospi-

tals is non-slip socks. However, a recent narrative review did not recommend non-slip socks

due to a lack of evidence supporting their use to prevent falls, and reports that they could be a

source of bacterial transmission [6]. This conclusion is, however, limited by the non-system-

atic methodology which meant that not all available studies of non-slip socks were included,

and the fact the studies included were heterogenous, ranging from laboratory studies of young,

healthy adults to older adults in hospital settings. In addition, studies of the risk of bacterial

transmission have reported the presence of bacteria on socks, but did not compare this with

the presence of bacteria on other types of footwear [7]. We recently conducted a systematic

review of the use of non-slip socks in hospitals specifically in senior subjects [8]. We found

only seven non-controlled studies and two randomized controlled trials (RCTs). The RCTs

evaluated the different factors that influence falls, including non-slip socks, but the socks were

not the focus of the studies. Therefore, to date, knowledge of the benefits of non-slip socks is

limited. We concluded that more RCTs were required to specifically evaluate the benefits of

non-slip socks as part of the management of patients on geriatric wards [8].

Firstly, it seems important to evaluate the effect of wearing non-slip socks on a patient’s

functional mobility. Indeed, wearing adapted footwear can reduce the fear of falling, which

breaks the vicious circle of falling—fear of falling—loss of independence [8–10]. This confi-

dence in one’s balance should have a positive influence on functional mobility at one week.

According to simulation theory, human movement can be separated into 2 phases, a plani-

fication phase (anticipation) and an execution phase [11]. The concordance between these

phases can be reliably evaluated using a simple test that evaluates the temporal concordance

between imagined practice and actual physical practice [12]. This concordance is translated

into an Index of Isochrony and provides an indication of motor prediction ability [13]. The

degree of isochrony has been shown to be correlated with the decrease in walking speed during

the dual task [14] therefore this test could indicate a risk of falls due to poor anticipation of the

person’s own motor capacities. As Personnier et al. (2008) highlighted the influence of a

change in task conditions on motor planning for upper limb [15], it could be interesting to

evaluate task condition’s influence for lower limb. We would like to evaluate whether wearing

socks could have an influence on the motor planning of patients.

Gait speed during duel task walking provides an indication of the cognitive reserve available

[16]. Stopping walking or a decrease in walking speed of more than 30% in dual task condi-

tions is predictive of falls [17]. We want to evaluate whether a week spent wearing anti-slip

socks has a positive impact on this important clinical aspect of elderly patients.

Falling is an important element in the care of geriatric patients. It is defined as “an unex-

pected event in which the participant comes to rest on the ground, floor, or lower level” [18].

Finally, the positive impact of motor recovery could accelerate the patient’s discharge from

the acute care unit. It therefore seems necessary to verify the impact of non-slip socks on the

length of stay.

The primary aim of this study is therefore to compare differences in gait speed at day 8 in

the controls (barefoot) to those who were managed by wearing non-slip socks while control-

ling for baseline gait speed. Gait speed is a recognized clinical tool to assess physical weakness
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and autonomy [19–21]. The secondary aims are to assess the immediate impact, and the

impact after one week, of non-slip socks on short-term motor skills, short-term motor plan-

ning, dual task walking, fear of falls, occurrence of falls and length of stay.

We hypothesize that patients who wear non-slip socks will have a higher gait speed at 8

days.

Methods

Design

A single-center, superiority, randomized controlled open-label trial will be conducted in

Vendée Departmental Hospital Center (CHD-Vendée) to compare usual barefoot care (con-

trol group) with specific management using non-slip socks (experimental group), as illustrated

in Fig 1. As describe in Fig 2, barefoot care was chosen for the control arm since this corre-

sponds to actual practice in hospitals. Socks will be provided by the hospital during and after

the study. Patients have physiotherapy 3 times a week, with standard management of auton-

omy training, walking, balance.

The study will be coordinated by the Vendee Hospital investigation team lead by the head

physician of the department. Ethical approval will be sought from our local ethics committee.

This protocol has been registered on clinical trials.gov (May 12, 2021: NCT04882696, https://

clinicaltrials.gov/ct2/show/NCT04882696).

Participants

Participants will be recruited from the acute geriatric or post-emergency medicine wards of

our hospital.

Patients who are considered to require physiotherapy and to have unsuitable footwear by

the admitting physician will be eligible. The inclusion criteria will be checked by the study

physiotherapists.

Inclusion criteria:

• Patients aged 75 and over,

• Patients who require physiotherapy,

• Patients with a planned length of stay of at least one week for physiotherapy.

• Patients who arrived on the ward with unsuitable footwear (assessment at the discretion of

the clinician: no back support, insecure fastenings, etc.), or without footwear,

• Patients able to walk at least 10 m with or without assistive devices on admission and after

physiotherapist evaluation

• Patients who have given oral consent

Exclusion criteria:

• Inability to understand or perform study-specific clinical tests

• Patients with a history of dementia assessed prior to hospitalization (MMSE score� 22/30)

• Patients with uncorrected visual deficits

• Patient under guardianship or curatorship

• Patient participating in an interventional clinical research protocol that may affect the out-

comes of this protocol.
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• Patient unable to wear socks or walk barefoot (need for support stockings or socks, wound

on the foot or lower leg, swollen feet, etc.)

Sample size determination

The sample size required for this study was estimated at 46. The calculation was based on a dif-

ference of 0.10m/s in the ten-meter timed walk (see below) between the two groups, a standard

deviation of the difference of 0.10 (an improvement in walking speed of 0.10m/s is considered

clinically relevant in an older adults with mobility disabilities, subacute stroke survivors, and

community dwelling older people [22]), an alpha risk set at 5% and a power of 90% (two sam-

ple t-test). To guarantee the power of the study, we plan to include 50 patients.

Randomization

Patients who meet the inclusion criteria will be informed of the study. If they accept to partici-

pate and provide informed consent, a study physiotherapist will perform the randomization

via a centralized server (Ennov Clinical) before performing any evaluations. A random block

size randomization will be carried out in a 1:1 ratio without stratification.

Outcomes

All assessments will be performed by physiotherapists who will also perform the patient’s reha-

bilitation, as illustrated in Table 1: summary of data collection by day.

Fig 1. Template of content for the schedule of enrolment, interventions, and assessments.

https://doi.org/10.1371/journal.pone.0283226.g001
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The Confusion Assessment Method scale (unless already performed as part of usual care)

will be rated on D1 to characterize the patients’ confusion.

Outcomes will be evaluated on day 1 and day 8 –the same outcomes will be evaluated on

both days, in the same order. Two conditions will be tested on day 1: barefoot (D1, baseline),

and barefoot or with non-slip socks according to group allocation (D1’). Between the

Fig 2. Study flow chart.

https://doi.org/10.1371/journal.pone.0283226.g002
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conditions, the patients will be encouraged to walk for 3 minutes either barefoot or with the

socks, according to their group allocation. On D8, all patients will be evaluated barefoot.

Fatigue will be rated before and after each condition on day 1 and before and after the eval-

uation on day 8. Three gait assessments will be performed in each condition in the same order

(approximately 10 minutes duration for each condition). Fear of falls will be evaluated after

each condition.

Confusion assessment method

This tool will be used to determine if the patient is confused. It is rated with a caregiver, and

assesses 4 clinical signs suggestive of confusion [23, 24]:

1. Sudden onset and fluctuation of symptoms;

2. Inattention;

3. Disorganized thinking;

4. Impaired alertness.

If 1 and 2 and either 3 or 4 are positive, the patient is considered to be confused [24].

Visual Analog Scale for fatigue

A Visual Analog Scale (VAS) will be used to evaluate the patient’s level of fatigue. VASs are

commonly for the assessment of pain [25], and have been proposed for the evaluation of

fatigue [26].

The patient will be given a VAS presented on a sliding bar and told:

"This scale represents your level of fatigue. If you put the slider all the way to the left, it will

indicate that you are not tired at all. If you put it all the way to the right, it will indicate that

you are incredibly tired. Please put show me with the slider how tired you are right now”.

Fatigue will then be rated from 0 to 100.

Table 1. Summary of data collection by day.

Actions D1 D1’ (after 3 minutes of walking) D8 Discharge from hospital

Patient information X

Informed Consent Collection X

Verification of inclusion and non-inclusion criteria X

Randomization X

Confusion Assessment Method X

VAS fatigue X X X

Medical background (falls, MMSE etc.) X

Clinical examination X X

Tests:

• Gait speed at patient’s preferred speed over 10m (x2),

• Gait speed in double task over 10m (x2),

• Imagined walking speed over 10m (x2),

X X X

Questionnaire Short-FESI X X

Length of stay in geriatric short stay or post-emergency medicine X

https://doi.org/10.1371/journal.pone.0283226.t001
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Ten-meter timed walk

The 10m timed walk will be used to evaluate spontaneous gait speed [27]. This test is com-

monly used in clinical practice to evaluate functional mobility. It is simple to use, even in

patients with cognitive disorders or who are confused.

Floor markings will be used to provide visual cues for the start and end of the walk. The

time taken to cover the 10m will be measured with a stopwatch. The test will be performed

twice, and the average speed used for analysis.

Spontaneous gait speed for patients over 80 years of age is 0.943m/sec ± 0.091 [27, 28]. The

best initial estimates of small meaningful changes are close to 0.05 m/s for walking speed [22]

and the minimal clinically important difference is in the order of 0.10 m/s [22].

Dual task walk

The same procedure will be used as for the 10m timed walk; however, the patient will be asked

to list as many animals as possible while performing the test. The test will be performed twice,

and the average speed used for analysis.

Index of isochrony of gait speed

The test will be performed with the patient standing in front of the 10m timed walk course.

They will be instructed to imagine themselves performing the timed walk test. On completion,

they will say stop. The test will be performed twice, and the average speed used for analysis.

Fear of falling

The Short-Falls Efficacy Scale International (Short-FES-I) is a self-administered, patient-com-

pleted questionnaire consisting of 7 items, each with 4 possible answers. It has excellent internal

consistency (Cronbach’s alpha = 0.96 and 0.92) and test-retest reliability (ICC = 0.96 and 0.83).

The convergent construct validity of Short-FES-I has been confirmed for previous falls, symp-

toms of depression, general disability, low quality of life; and physiocaloric impairment [29]. A

score�10 on the Short-FES-I scale has been determined to indicate a fear of falling [29].

Fall occurrence

The number of falls during the hospital stay, the time of each fall and any consequences will be

recorded. Falls (and their dates) within the 6 months prior to hospitalization will also be

collected.

Length of stay

The length of stay in days and hours on the acute geriatric or post-emergency medicine ward

will be calculated.

In view of the fact all patients will be evaluated during their hospital stay, loss of follow up

should be minimal.

Intervention

After the evaluation on day 1, patients in the experimental arm will wear the non-slip socks

and patients in the control arm will remain barefoot for their entire hospital stay, even if a rela-

tive brings them a pair of suitable shoes. A sign will be posted in the patients’ rooms to ensure

that this is respected. All patients will undergo rehabilitation as part of usual care. After the

evaluation on D8, they will continue to receive usual care according to their pathology and
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needs, however they will remain either barefoot or with non-slip socks according to their

group allocation.

Management

An electronic Case Report Form (eCRF) will be created for each patient. All information

required by the protocol will be provided in the eCRF. The eCRF will include the data needed

to confirm compliance with the protocol and all data needed for statistical analyses; it will

allow identification of any major deviations from the protocol. The person(s) responsible for

completing the eCRF (investigator, clinical research assistant etc.) will be defined and identi-

fied in the task delegation form (kept in the investigator workbook). At the end of the study,

the investigator will sign the eCRFs to certify the conformity of the data collected.

Data monitoring will be carried out by an employee of the department of the clinical

research unit of Vendee Hospital to ensure that the electronic Case Report Forms (eCRF) are

completed accurately. If an inspection or audit is conducted, the sponsor and/or the participat-

ing center will provide access to the data to the inspectors/auditors. A Clinical Research Asso-

ciate (CRA) will regularly visit the site to carry out quality control of the data reported in the

eCRF and to verify that the research is conducted according to the protocol. The monitoring

plan has been defined and adapted to the estimated level of risk for patients who are suitable

for research.

The protocol will be monitored to ensure that:

• informed consent has been received from each participant

• the clinical center has complied with the requirements of the protocol

• the data are complete and accurate

• all original patient information and documentation are present and complete.

The protocol is considered to have a Risk Level A (‘low or negligible risk’): no serious

adverse events are expected. In accordance with article L1123-10 of the French Public Health

Code, the applicable vigilance measures are those put in place for the practice of care.

Any substantial amendments will be sent by the sponsor to the ethics committee in accor-

dance with French law. After authorization from the ethics committee, the sponsor will com-

municate the amended protocol to the investigators. Substantial changes will be added on

ClinicalTrials.gov

A person’s participation may be terminated prematurely for the following reasons:

• Withdrawal of consent by the patient: patients will be able to withdraw their consent and

request to be removed from the study at any time for any reason.

• Death.

Confidentiality of the identities of the patients who participate in the study will be guaran-

teed using a coding system. The presentation of the results of the research will exclude any

direct or indirect identification.

The study has been registered on the open-access Clinical trials website. The results will be

published in a journal and presented at a congress.

Statistical methods

All variables will be described overall and by group. Qualitative variables will be described

using numbers and percentages, and quantitative variables using minima, maxima, means,
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standard deviations and medians and interquartile ranges. We will collect data on the Ennov-

Clinical eCRF. R version 4.2.0 or later will be used to perform all data analyses.

Gait speed during the 10m timed walk at D1’will be compared with speed during the dual

task walk, as well as with speed during the imagined walk using a multiple linear regression

taking into account the baseline value at D1. The same type of model will be used for compar-

ing D8 evaluations.

The proportions of patients with a score�10 on the FESI (indicating a fear of falls) on D1

and D8 will be compared using the Chi-square test.

The length of stay will be compared between groups using the Student’s t-test.

The fall rate during the hospital stay will be estimated. Any consequences will be described.

All missing data and the reason for the missing data will be described in each group. For

the primary outcome, if missing data are present at D8, they will be imputed by the patient’s

baseline value (D1).

If more than 10% of missing data are observed for this outcome, a sensitivity analysis on the

imputation method will be performed: a multiple imputation method will be applied.

Study timeline

Recruitment began on 1 March 2022 and will continue until 1 March 2023. Data analysis will

be carried out in September 2023 and the manuscript will be completed in December 2023.

Ethics

Authorisation for the study was given on 3 December 2021 Comité de Protection des Per-

sonnes de Tours—Région Centre—Ouest 1. Hôpital Bretonneau–Centre Hospitalier Régional

Universitaire de Tours 2, bd. Tonnellé - 37044 TOURS Cedex 9.

The approval number for a study involving the human being is 21.02015.202105-MS01.

The consent of the patients is verbally consent.

Discussion

The aim of this study is to evaluate the benefit of non-slip socks on the maintenance and/or

recovery of gait capacities in a geriatric hospitalized population. This study is the first RCT to

specifically evaluate the impact of non-slip socks on several aspects of gait and falls [8]. The

results should provide insight into whether non-slip socks are safe and effective for patients

who arrive at the hospital with no footwear or with inadequate footwear.

The main limitation of this study is that it cannot be double blind, this is a classic limitation

in rehabilitation studies. The main limitation of this study is that it cannot be double blind,

this is a classic limitation in rehabilitation studies. Other limitations are identified and could

be clarified in a future study based on the results of this study, such as the impact of medica-

tions, the age of the patients, or the medium- and long-term benefit of this intervention.

Conclusion

This randomized controlled trial should provide clinicians with a scientific rational for the rec-

ommendation, or not, of the use of non-slip socks for older patients in acute care hospitals.
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EHPAD. Neurophysiologie Clinique. 2018; 48: 333. https://doi.org/10.1016/j.neucli.2018.10.060

5. McCarter-Bayer A, Bayer F, Hall K. PREVENTING FALLS in Acute Care: An Innovative Approach. J

Gerontol Nurs. 2005; 31: 25–33. https://doi.org/10.3928/0098-9134-20050301-07 PMID: 15799634

6. Hartung B, Lalonde M. The use of non-slip socks to prevent falls among hospitalized older adults: A liter-

ature review. Geriatr Nurs. 2017; 38: 412–416. https://doi.org/10.1016/j.gerinurse.2017.02.002 PMID:

28285830

7. Mahida N, Boswell T. Non-slip socks: a potential reservoir for transmitting multidrug-resistant organisms

in hospitals? J Hosp Infect. 2016; 94: 273–275. https://doi.org/10.1016/j.jhin.2016.06.018 PMID:

27380919

8. Pelliard T, Brika M, Rulleau T. Falls prevention among frail older patients in acute care: the use of non-

slip socks, a systematic literature review. Recherche en soins infirmiers. in press.

9. Hadjistavropoulos T, Delbaere K, Fitzgerald TD. Reconceptualizing the role of fear of falling and bal-

ance confidence in fall risk. J Aging Health. 2011; 23: 3–23. https://doi.org/10.1177/0898264310378039

PMID: 20852012

10. Hadjistavropoulos T, Carleton RN, Delbaere K, Barden J, Zwakhalen S, Fitzgerald B, et al. The relation-

ship of fear of falling and balance confidence with balance and dual tasking performance. Psychol

Aging. 2012; 27: 1–13. https://doi.org/10.1037/a0024054 PMID: 21707181

11. Jeannerod. Neural Simulation of Action: A Unifying Mechanism for Motor Cognition. NeuroImage.

2001; 14: S103–S109. https://doi.org/10.1006/nimg.2001.0832 PMID: 11373140

PLOS ONE Evaluation of the impact of Non-Slip Socks for Elderly People in Acute Care Hospitals, a RCT protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0283226 May 1, 2023 10 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0283226.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0283226.s003
https://doi.org/10.1684/pnv.2014.0450
https://doi.org/10.1684/pnv.2014.0450
http://www.ncbi.nlm.nih.gov/pubmed/24647243
https://doi.org/10.1016/j.lpm.2010.05.023
https://doi.org/10.1016/j.lpm.2010.05.023
http://www.ncbi.nlm.nih.gov/pubmed/21074350
https://doi.org/10.3917/gs.121.0227
https://doi.org/10.1016/j.neucli.2018.10.060
https://doi.org/10.3928/0098-9134-20050301-07
http://www.ncbi.nlm.nih.gov/pubmed/15799634
https://doi.org/10.1016/j.gerinurse.2017.02.002
http://www.ncbi.nlm.nih.gov/pubmed/28285830
https://doi.org/10.1016/j.jhin.2016.06.018
http://www.ncbi.nlm.nih.gov/pubmed/27380919
https://doi.org/10.1177/0898264310378039
http://www.ncbi.nlm.nih.gov/pubmed/20852012
https://doi.org/10.1037/a0024054
http://www.ncbi.nlm.nih.gov/pubmed/21707181
https://doi.org/10.1006/nimg.2001.0832
http://www.ncbi.nlm.nih.gov/pubmed/11373140
https://doi.org/10.1371/journal.pone.0283226


12. Debarnot, Sahraoui D, Champely S, Collet C, Guillot A. Selective influence of circadian modulation and

task characteristics on motor imagery time. Res Q Exerc Sport. 2012; 83: 442–450. https://doi.org/10.

1080/02701367.2012.10599879 PMID: 22978194

13. Rulleau T, Mauvieux B, Toussaint L. Influence of circadian rhythms on the temporal features of motor

imagery for older adult inpatients. Arch Phys Med Rehabil. 2015; 96: 1229–1234. https://doi.org/10.

1016/j.apmr.2015.02.015 PMID: 25731938

14. Bridenbaugh Beauchet, Annweiler Allali, Herrmann F KressigRW. Association between dual task-

related decrease in walking speed and real versus imagined Timed Up and Go test performance. Aging

Clin Exp Res. 2013; 25: 283–289. https://doi.org/10.1007/s40520-013-0046-5 PMID: 23740587

15. Personnier P, Paizis C, Ballay Y, Papaxanthis C. Mentally represented motor actions in normal aging II.

The influence of the gravito-inertial context on the duration of overt and covert arm movements. Behav

Brain Res. 2008; 186: 273–283. https://doi.org/10.1016/j.bbr.2007.08.018 PMID: 17913253

16. Lundin-Olsson L, Nyberg L, Gustafson Y. “Stops walking when talking” as a predictor of falls in elderly

people. Lancet. 1997; 349: 617. https://doi.org/10.1016/S0140-6736(97)24009-2 PMID: 9057736

17. Beauchet O, Berrut G. [Gait and dual-task: definition, interest, and perspectives in the elderly]. Psychol

Neuropsychiatr Vieil. 2006; 4: 215–225.

18. Hauer K, Lamb SE, Jorstad EC, Todd C, Becker C, PROFANE-Group. Systematic review of definitions

and methods of measuring falls in randomised controlled fall prevention trials. Age Ageing. 2006; 35: 5–

10. https://doi.org/10.1093/ageing/afi218 PMID: 16364930

19. Binotto MA, Lenardt MH, Rodrı́guez-Martı́nez M del C. Fragilidade fı́sica e velocidade da marcha em
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