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Introduction

The use of wrist restraints is common in the intensive care 

unit (ICU) setting, particularly in those requiring mechani-

cal ventilation. Most commonly placed to prevent acci-

dental dislodgment of life-sustaining medical equipment 

(e.g. self-extubation, removal of lines/drains),1,2 soft wrist 

restraints have not been shown to prevent self-extubation.3  

Restraints may, in fact, make patient-initiated device 

removal more likely to occur, thought to be due to 

increased agitation.3–6 Restraint use is also associated 

with adverse patient outcomes, including agitation, delir-

ium, immobility, post-traumatic stress disorder (PTSD), 

and prolonged ICU length of stay.7–15 For ICU nurses, 

restraints confer a sense of security, but are also associ-

ated with feelings of guilt, sadness, and moral distress.16,17 

The 2018 Society of Critical Care Medicine Pain, 

Agitation/Sedation, Delirium, Immobility, and Sleep 

Disruption (PADIS) Clinical Practice Guidelines outline 
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Abstract

Background: Mechanically ventilated Intensive Care Unit (ICU) patients often require wrist restraints, contributing to 

immobility and agitation, over-sedation, and delirium. The Exersides® Refraint® (Healthy Design, LLC), a novel restraint 

alternative, may be safe and facilitate greater mobility than traditional restraints.

Objective: This National Institutes of Health Small Business Technology Transfer (STTR) Program Grant-funded single-

site Phase I feasibility study evaluated Exersides® safety and feasibility in anticipation of a multi-site Phase II randomized 

controlled trial (RCT).

Methods: In two academic ICUs, mechanically ventilated adults ⩾25 years old who were non-comatose, required 

restraints and had an expected stay of ⩾2 days were enrolled to wear Exersides® and traditional wrist restraints for 4 h 

on day 1, in a randomized order, and in the reverse order on day 2. Main outcomes were Exersides® safety (i.e., patient/

clinician lacerations/injuries), feasibility (i.e., ⩾90% of required data collected), and patient/family/clinician feedback.

Results: Eight patients were enrolled; one no longer required restraints at initiation, yielding seven subjects (median 

[interquartile range (IQR)] age 65 [55, 70] years, 86% men). All seven wore Exersides®, averaging (SD) 2.5 (1.0) hours 

per session, with no safety events reported. Across restraint time periods, 92% and 100% of Richmond Agitation-

Sedation Scale (RASS) and wrist actigraphy data, respectively, were collected. Feedback was positive (more movement 

and comfortable than traditional restraints) and constructive (bulky, intimidating to apply).

Conclusions: This pilot study provided key safety and feasibility data for a Phase II RCT evaluating Exersides® versus 

traditional wrist restraints. Feedback motivated minor device modifications before RCT initiation.
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the many unintended and harmful consequences of physi-

cal restraint use, and recommend that efforts be taken to 

reduce their usage in the ICU setting.18

As an alternative to traditional wrist restraints, a novel 

device, the Exersides® Refraint® (Healthy Design, 

Rutland, VT), was developed with the support of a 

National Institutes of Health Small Business Technology 

Transfer (STTR) Program Grant. The goal of this device 

is to allow patients to increase arm mobility without 

increasing the risk of dislodgement of life-sustaining 

medical devices. Featuring a soft shoulder strap, adjusta-

ble arm tube, clear removable hand shield, and optional 

straps to secure the device to the bed, Exersides® allows 

anterior, medial, and lateral arm extension, wrist supina-

tion and pronation, and the grasping of objects (i.e. televi-

sion remote control) while allowing adjustable reduction 

in elbow flexion (Figure 1). The aim of this Phase I study 

was to evaluate the preliminary safety and feasibility of 

Exersides™ in mechanically ventilated patients in an ICU 

setting.

Methods

Study, setting and participants

Supported by an NIH SBIR/STTR (Small Business 

Innovation Research/Small Business Technology 

Transfer) award, this study evaluated the novel Exersides® 

Refraint® following an established two-phase approach: 

safety/feasibility (SBIR/STTR Phase I) and effectiveness/

randomized controlled trial (RCT) (SBIR/STTR Phase II 

– enrollment completed, analysis pending). In Phase I, we 

prospectively evaluated the safety and feasibility of 

Exersides® in critically ill patients at two University of 

Vermont Medical Center medical ICUs (MICUs), each 

with 22 beds and a 1:1 or 1:2 nurse-to-patient ratio, 

depending on the complexity of care.

This Phase I pilot study was designed to evaluate the 

feasibility of Exersides® and fulfill milestone require-

ments for progression to the STTR/SBIR Phase II project. 

As part of pilot study planning, an a priori convenience 

sample of eight patients was targeted for enrollment. 

Eligible patients were ⩾25 years old, required mechani-

cal ventilation and bilateral wrist restraints, had a pre-

dicted ICU stay of ⩾2 days and were responsive to verbal 

stimuli. Exclusion criteria included impaired or limited 

bilateral upper extremity mobility prior to ICU admis-

sion, pre-existing severe cognitive impairment or lan-

guage barrier, neuromuscular blocker infusion, severe 

skin breakdown on either upper extremity, pregnancy, 

incarceration, and expected death or withdrawal of life-

sustaining treatment within 6 days of enrollment. Study 

termination could result from the completion of study 

activities, withdrawal from participation by the subject or 

their proxy, or the discontinuation of study or restraint 

orders by the physician. Written informed consent was 

obtained from next of kin and the study was approved by 

the University of Vermont Institutional Review Board 

(IRB).

Study protocol

Patients were eligible for inclusion if they had orders for 

unilateral or bilateral wrist restraints, as deemed neces-

sary by the ICU provider team (e.g. to prevent self-extu-

bation, pulling at other tubes and lines, and prevent 

interference with care), at the time of screening. If 

enrolled, patients underwent observation during the day-

time nursing shift over the course of 2 days, with each day 

consisting of two 4-h restraint recording periods. The 

restraint device (Exersides® vs traditional wrist restraint) 

worn during the first 4-hour period was randomly 

selected. After the first 4-hour period, the restraint was 

switched to the other device. For patients with ICU pro-

vider orders for restraints on day 2, the order of Exersides® 

versus traditional wrist restraint was reversed as com-

pared to day 1, again for two 4-h periods during the day-

time nursing shift. If Exersides® needed to be removed at 

any time during the session, they were replaced with tra-

ditional soft restraints to comply with the patient’s active 

order from the ICU provider team.

Outcomes

Safety and adverse events. For this Phase I study, the pri-

mary outcome was Exersides® safety, evaluated using a 

Safety and Compliance form which documented device-

related patient pressure ulcers, patient/clinician lacera-

tions, and other patient/clinician injuries. Additional safety 

and adverse events included patient removal of lines, 

tubes, or the restraint device itself, and whether the device 

damaged the bed or other equipment (e.g. ventilator). 

Figure 1. Exersides® Refraint® device on a volunteer acting as 
a prototypical mechanically ventilated patient. Comprised of 
a shoulder strap and soft transparent open-ended hand shield 
connected by an adjustable arm tube, Exersides® facilitates 
shoulder movement in all directions, wrist supination and 
pronation, and object grasping while allowing reduction in 
elbow flexion to prevent entanglement in and dislodgement 
of medical devices. In addition to the unstrapped maximum-
mobility option (pictured above on left arm), Exersides® can be 
secured to the bed using a stretchable elastic strap (shown on 
right arm) or a rigid strap (not pictured).
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Device safety was defined, a priori, as an adverse event 

incidence of <20% (no more than 1 of eight patients).

Feasibility: Actigraphy measurement. Wrist activity was 

measured using the Philips Actiwatch Spectrum® actigra-

phy device, a wristwatch-type device containing an accel-

erometer. The Spectrum® was selected because it is small, 

lightweight, comfortable, and has been used by the inves-

tigators in previous studies.19–23 Actigraphy recording 

began after randomization, with Actiwatch devices placed 

on the wrists where a wrist restraint or Exersides® was 

present. Activity was logged across 30-second epochs. 

Actigraphy devices remained in place during the chang-

ing of restraint types and were removed after the second 

4-hour block or when medically necessary. Actigraphs 

were placed again the next day for subjects participating 

in Day 2. Feasibility was defined, a priori, as successful 

activity measurement across >90% of the Exersides® 

wear time.

Feasibility: sedation measurement. During the study peri-

ods, research staff recorded the Richmond Agitation-

Sedation Scale (RASS) Score24 every hour to measure 

patient sedation/agitation levels. Feasibility was defined, 

a priori, as sedation level evaluations completed across 

>90% of the Exersides® wear time.

Feedback questionnaires. Three surveys were adminis-

tered to evaluate patient/proxy and staff satisfaction with 

Exersides®. For each patient, a proxy (e.g. spouse, parent, 

adult child) was recruited to complete (1) the Quebec 

User Evaluation of Satisfaction with assistive Technology 

[QUEST 2.0],25 a clinical assessment tool designed to 

evaluate user satisfaction with assistive technology 

devices and associated services; (2) a Novel Restraint 

Evaluation Form for Family developed by study team 

members to evaluate experiences of family members 

whose loved one required restraints; and (3) semi-struc-

tured interview questions. Nurses and physicians com-

pleted (1) QUEST 2.0; (2) a Novel Restraint Evaluation 

Form for Providers evaluating nurse and physician expe-

riences caring for a patient wearing Exersides®; and (3) 

semi-structured interview questions. Provider questions 

addressed device durability, ease of use, and whether the 

device caused patient discomfort. All surveys were 

obtained during each patient’s 2-day evaluation period.

Data collection and analysis

Demographic and clinical data were collected from the 

electronic health record and included patient age, gender, 

race, admission diagnosis category, daily ICU Sequential 

Organ Failure Assessment (SOFA) scores, the presence of 

continuous and non-infusion sedative medications, and 

the occurrence of physical rehabilitation activities.

Descriptive statistics were used to summarize study 

data. Actigraphy data were summarized across 30-sec-

ond epochs, and included activity levels, non-zero activ-

ity levels, inactivity (zero-activity epochs, indicating 

motionlessness), and wear time as a proportion of 

restraint/restraint alternative time. When actigraphy 

devices were present bilaterally, left and right wrist val-

ues were averaged to generate a single activity measure 

for each 30-second epoch. As this pilot was designed to 

examine Exersides® safety and feasibility only, P-values 

were not calculated. Sedation (RASS) and activity 

(actigraphy) data were stratified by restraint (Exersides® 

vs traditional) and summarized using Stata version 17.0 

(StataCorp LLC, College Station, TX).

Closed-ended Likert-type survey results were  

presented as relative frequencies. Comments from open-

ended and semi-structured survey questions were aggre-

gated by question.

Results

Demographics

ICU-admitted patients were screened from October 2, 

2018 to April 8, 2019. Consent was obtained for eight eli-

gible patients who were enrolled and randomized. One 

patient subsequently did not require restraints by the time 

of device initiation and therefore did not participate in the 

study, yielding seven patients reported herein. The median 

(interquartile range [IQR]) age was 65 (55, 70) years and 

1 (14%) patient was female (Table 1). The median (IQR) 

admission APACHE II score was 21 (18, 30), with three 

(42%) patients having a respiratory diagnosis. No patients 

underwent physical therapy (PT) or occupational therapy 

(OT) while enrolled in this study.

Table 1. Patient characteristics (N = 7 patients).

Characteristic Statistic

Demographic Characteristics

 Age, median (IQR) years 65 (55, 70)

 Female, n (%)  1 (14%)

 White Race, n (%)  7 (100%)

 Body mass index, median (IQR) 35 (30, 54)

ICU Characteristics

 Respiratory Admission Diagnosis, n (%)  3 (42%)

 Admission APACHE II Score, median (IQR) 21 (18, 30)

 Daily SOFA Score, median (IQR)a  8 (6, 13)

 Receipt of Continuous Infusion of Sedativeb  7 (100%)

  Propofol  6 (85%)

  Fentanyl  2 (28%)

  Dexmedetomidine  1 (14%)

  Ketamine  1 (14%)

  Ever underwent PT or OT rehabilitation 
session, n (%)

 0 (0%)

ICU: Intensive Care Unit; IQR: Interquartile Range; RASS: Richmond 

Agitation-Sedation Scale; APACHE II: Acute Physiology and Chronic 

Health Evaluation II; SOFA: Sequential Organ Failure Assessment; PT: 

Physical Therapy; OT: Occupational Therapy.
aCalculated once daily using data from the patient’s electronic health 

record. Score calculation involved use of the worst values for each 

parameter across each 24-h period (00:00-23:59).
bContinuous infusion received during the study day (00:00–23:59).
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Restraint wear times and safety

Over the study period, it was feasible for Exersides® to be 

worn by all seven patients. Across the study, Exersides® 

wear time totaled 22.9 h, with a mean (SD) total wear time 

of 2.5 (1.0) hours per 4-h data collection session (Table 2) 

and a maximum wear time of 3.8 h. On study days 1 and 2, 

seven and two patients wore Exersides®, respectively, 

totaling 17.6 h and 5.4 h, with mean (SD) wear times of 2.5 

(1.2) and 2.7 (0.7) hours per session. One patient declined 

left limb placement for unclear reasons, instead wearing a 

traditional wrist restraint on the left. The patient wore 

Exersides® on the right for only 0.4 h on day 1, after which 

their participation in the study was discontinued. In addi-

tion to Exersides® feasibility, zero device-related safety 

concerns (e.g. patient/staff injuries, restraint/equipment 

damage, self-extubation) occurred.

Traditional soft wrist restraints were worn by six 

patients, totaling 27.3 h, with a mean (SD) wear time of 3.0 

(0.8) hours per session (Table 2). On days 1 and 2, five and 

four patients wore the traditional soft restraints, respec-

tively, totally 15.0 and 12.3h with mean (SD) wear times of 

3.0 (1.0) and 3.1 (0.6) hours per session. Notably, on study 

day 1, two of the seven patients who wore Exersides® did 

not have data collected while wearing traditional restraints; 

one (mentioned above) terminated study activities early, 

and the other shifted traditional restraint data collection to 

day 2 due to a late start on day 1. Two of 4 patients who 

wore the traditional restraint on study day 2 did not wear 

Exersides®; one was the subject whose traditional restraint 

day 1 was shifted to day 2, and the other was extubated and 

their restraint order discontinued.

Sedation and activity measurements

While wearing restraints or Exersides®, 92% of hourly 

RASS24 assessments were performed on all seven patients. 

Across Exersides® and traditional restraint wear time, 

respectively, 93% and 91% of assessments were com-

pleted, with median (IQR) scores of −1.5 (−2, 0) and -1 

(−2, −0.5) (Table 2).

Of the enrolled subjects who wore restraint devices, 7 

(100%) and 4 (57%) contributed actigraphy data on days 

1 and 2, respectively. Two patients contributed right-

wrist actigraphy data only, one being the subject men-

tioned above who declined Exersides® placement the 

left limb and a second whose left-arm actigraphy device 

malfunctioned. Including these and left-right averaged 

activity data, 5136 30-second actigraphy epochs were 

recorded; 2358 and 2778 epochs were recorded in the 

presence of Exersides® and traditional restraints, respec-

tively (Table 2). Mean (SD) activity levels were 10.2 

(32.1) movements per epoch, with 11.7 (32.9) and 8.9 

(31.3) movements per epoch while wearing Exersides® 

versus traditional restraints, respectively. The propor-

tions of zero-activity epochs were 69% and 81% when 

wearing Exersides® and the traditional restraint, respec-

tively, and when removing zeroes, mean non-zero activ-

ity levels were 41.2 (51.2) and 44.2 (57.6) (Table 2). 

Overall, 74% of epochs containing paired left- and 

right-wrist data were zero. Actigraphy data were col-

lected during 92.3% of the total restraint wear time, and 

during 99.5% and 86.9% of the time the patients were 

wearing Exersides® and traditional restraints, respec-

tively (Table 2).

Table 2. Restraint, sedation/delirium, and activity data (N = 7 patients).

Exersides® Traditional

Number of Subjects 7 6

Duration Wearing Devicea

 Total hours 22.9 27.3

 Mean (SD) hours per session 2.5 (1.0) 3.0 (0.8)

Hourly RASS Evaluations Performed, nb 28 30

 RASS, median (IQR) −1.5 (−2, 0) −1 (−2, −0.5)

 Collected across restraint wear time, % 93% 91%

Actigraphy Datac

 Collected across restraint wear time, %d 99.5% 86.9%e

 Epochs recorded 2358 2778

 Total activity 27,509 24,686

 Activity per epoch, mean (SD) 11.7 (32.9) 8.9 (31.3)

 Non-zero activity per epoch, mean (SD) 41.2 (51.2) 44.2 (57.6)

 Zero activity epochs (% of non-missing epochs) 1445 (69%) 2004 (81%)

RASS: Richmond Agitation-Sedation Scale; IQR: Interquartile Range; SD: Standard Deviation.
aAccounting for nine and nine 4-h Exersides® and traditional restraint sessions, respectively.
bEvaluated hourly during restraint sessions, using the validated RASS24 which ranges from +4 (combative) to 0 (alert and calm) to −5 (unarousable).
cFor five of seven subjects who wore actigraph devices (and restraints) bilaterally, left and right activity values averaged to form combined per-epoch 

activity measures. Averaging not performed for 18.6% of right wrist epochs which had no corresponding contralateral measure. All mismatched and/

or missing data were due to devices failing to sense they were on a patient’s wrist.
dProportion of restraint time when at least one actigraphy device (left or right) recorded data. By limb, left and right actigraphy device record times 

as a proportion of restraint wear times, respectively, was 100.0% and 99.5% for Exersides®, 85.9% and 88.4% for traditional.
eOne subject had no actigraphy device placed during one 3-h traditional restraint session, which accounted for 360 epochs of missing actigraphy data 

for that session.
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Survey results

The proxies of four enrolled patients completed the 

Exersides® QUEST 2.0 satisfaction form, with 100% 

agreeing or strongly agreeing that the restraint alternative 

was comfortable, safe, and effective for preventing self-

removal of medical tubes. Three of 4 (75%) agreed or 

strongly agreed that the novel restraint alternative was 

preferable and more humane than soft wrist restraints. 

Free-text proxy comments regarding Exersides® included 

“help in recovery,” “good concept,” “preferred [over] soft 

wrist,” and “really like [Exersides®]” (eTable).

Of the 10 nurses and physicians completing the satis-

faction form, 6 (60%) agreed or strongly agreed that the 

Exersides® device was easy to place and remove, 7 (70%) 

agreed or strongly agreed that it was safe for staff, 7 

(70%) agreed or felt neutral about the restraint alternative 

being easy to adjust, 9 (90%) agreed or strongly agreed 

that it was effective at preventing self-extubation, 7 (70%) 

agreed or were neutral to Exersides® being preferable to 

traditional wrist restraints, and 9 (90%) were neutral to 

the statement that Exersides® is more humane than tradi-

tional restraints. Nurses and physicians “love the increased 

safety from self-extubation” but felt Exersides® “appeared 

clunky” and “complicated” (eTable).

Between nurses, physicians, and patient proxies, a 

total of 10 QUEST 2.0 surveys were obtained, with  

8 (80%) having a QUEST score of “more or less,” 

“quite,” or “very” satisfied with the device.

Finally, eight nurses and one physician completed the 

semi-structured Exersides® questionnaire. Favorable com-

ments about Exersides® were that it “[was] more effective 

to prevent self-extubat[ion],” “provided mobility,” and 

“increased safety.” Four of eight nurses felt patient arm 

movements while wearing Exersides® were non-purpose-

ful movements related to agitation rather than “normal” 

mobility. Regarding ease of use, favorable comments 

included that the restraint “[did not] have to be ‘tied down’ 

to the bed” and could “quickly hold the patient’s arm 

down”; however, nurses found Exersides® “bulky,” “intim-

idating,” and “cumbersome” and requiring “a long time to 

put on” with straps “[appearing] a little challenging.” 

Nurses suggested making Exersides® smaller and lighter.

Discussion

This Phase I feasibility study in seven critically ill, 

mechanically ventilated ICU patients demonstrated  

that the Exersides® novel restraint alternative was safe, 

feasible to place, and well tolerated. Both Exersides® and 

traditional wrist restraints were each worn for more than 

20 h in total by patients over one or 2 days, with acti-

graphy epochs recorded for 99% of the time that the 

Exersides® were worn, exceeding the 90% feasibility  

target. No device-related safety concerns were observed. 

Finally, semi-structured interviews of ICU patient family 

member proxies and providers mainly pointed to con-

cerns about the Exersides® device being bulky and cum-

bersome. This feedback was valuable in refining the 

Exersides® device for evaluation in the Phase II rand-

omized controlled trial (RCT).

Notably, average activity levels of patients tended to 

be higher when wearing Exersides® versus traditional 

restraints, and patients wearing Exersides® tended to have 

a lower percentage of zero-activity epochs, a marker of 

inactivity. Agitation and sedation levels, as determined  

by the RASS, were similar when patients wore Exersides® 

as compared to traditional restraints. While Phase I was 

underpowered to evaluate these outcomes via multi-

variable models, Phase II is adequately powered to detect 

differences in upper extremity activity when comparing 

Exersides® and traditional restraints. Having met key safety 

and feasibility criteria and greater than 90% of RASS 

assessments and actigraphy recordings completed, this 

Phase I study provides essential feasibility data to support 

initiation of the multi-site, within-patient crossover Phase 

II RCT evaluating Exersides® versus traditional restraints 

in mechanically ventilated patients (NCT04067622).

Limitations

This Phase I study had many strengths, but some notable 

limitations exist. First, the small sample size limited the 

precision of results and generalizability, which will be 

addressed in the larger Phase II multi-center study. Second, 

actigraphy cannot distinguish between directed and  

agitated motion. To address this limitation, the Phase II 

RCT includes behavioral mapping of subject movements 

to distinguish between different types of motion. Third, it 

was decided that delirium would be important to evaluate 

moving forward, so the subsequent Phase II protocol 

included multiple Confusion Assessment Method for the 

ICU (CAM-ICU) assessments while enrolled patients 

were wearing both novel and traditional restraints. Fourth, 

since this pilot, Exersides® has undergone several upgrades 

based, in part, on bedside experiences and feedback 

received during this pilot study. Improvements include use 

of a lower weight material for the Arm Tube, improving 

Hand Shield usability with an improved transparent mate-

rial and easier-to-attach clips, and design adjustments to 

the shoulder attachment straps and clips, making device 

placement much easier and requiring fewer adjustments. 

As this Phase I study supported device safety and feasibil-

ity and yielded mostly positive feedback, we hypothesize 

that studies involving newer Exersides® versions will 

motivate further improvements to improve device tolera-

bility and comfort. Finally, while these Phase I data sug-

gest increased patient mobility with Exersides®, this study 

was underpowered to evaluate this association. The multi-

site Phase II RCT is adequately powered for rigorous 

activity analyses, as measured using wrist actigraphy, and 

will also evaluate important clinical variables such as 

delirium, agitation, and sedative medication use.

Conclusion

The use of wrist restraints in the ICU is associated with 

adverse patient outcomes, presenting an opportunity for 

improvement with novel devices. This Phase I study eval-

uated the safety and feasibility of the Exersides Refraint® 

which was developed to allow increased patient mobility 
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without increasing their risk of dislodging life-sustaining 

medical devices. The Exersides® device was found to be 

feasible for use and subsequent evaluation in the ICU, as 

indicated by wear time, activity levels, and agitation/

sedation levels, with no observed safety or adverse events. 

Feedback from healthcare providers and patient proxies 

motivated device refinement, which will be evaluated as 

part of a Phase II multi-center crossover RCT comparing 

Exersides® to traditional wrist restraints.
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