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Pressure ulcer risk of patient handling sling use
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Abstract—Patient handling slings and lifts reduce the risk of 
musculoskeletal injuries for healthcare providers. However, no 
published evidence exists of their safety with respect to pressure 
ulceration for vulnerable populations, specifically persons with 
spinal cord injury, nor do any studies compare slings for pres-
sure distribution. High-resolution interface pressure mapping 
was used to describe and quantify risks associated with pressure 
ulceration due to normal forces and identify at-risk anatomical 
locations. We evaluated 23 patient handling slings with 4 non-
disabled adults. Sling-participant interface pressures were
recorded while participants lay supine on a hospital bed and 
while they were suspended during typical patient transfers. Sling-
participant interface pressures were greatest while participants 
were suspended for all seated and supine slings and exceeded 
200 mm Hg for all seated slings. Interface pressures were greatest 
along the sling seams (edges), regardless of position or sling type. 
The anatomical areas most at risk while participants were sus-
pended in seated slings were the posterior upper and lower thighs. 
For supine slings, the perisacral area, ischial tuberosities, and 
greater trochanters were most at risk. The duration of time spent 
in slings, especially while suspended, should be limited.

Key words: decubitus ulcer, interface pressure, patient han-
dling, patient handling sling, patient lifting, patient moving and 
lifting, patient repositioning, pressure sore, pressure ulcer, 
pressure ulcer risk, spinal cord injury.

INTRODUCTION

Pressure Ulcers and Spinal Cord Injury
Pressure ulcers (PUs) are a serious, costly, and life-

long complication experienced by individuals with spinal 
cord injury (SCI). Approximately 273,000 persons with 
SCI live in the United States today, and approximately 
12,000 new injuries occur each year [1]. Persons with 
SCI are at extreme risk for developing PUs because of 
lack of sensation, immobility, moisture, and multiple 
other risk factors [2]. The prevalence of PUs in persons 
with SCI ranges from 14 to 32 percent, and recurrence 
rates have been reported to range from 31 to 79 percent 
[3]. PUs account for approximately one-third of all 
Department of Veterans Affairs (VA) SCI admissions and 
over half of all hospital days for veterans with SCI [3]. 
The cost to manage one full-thickness PU can exceed 
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$70,000 [4], and in the United States, more than $17 bil-
lion is spent on PU treatments annually [5]. The VA alone 
spends $100 million annually on just primary diagnoses 
of PUs for veterans with SCI [6].

The National Pressure Ulcer Advisory Panel defines a 
PU as a “localized injury to the skin and/or underlying tis-
sue usually over a bony prominence, as a result of pres-
sure, or pressure in combination with shear and/or friction” 
[7]. High pressure applied to an area of skin over a length 
of time will inevitably cause tissue damage [8–9] in addi-
tion to tissue deformation [10]. PUs are most commonly 
found over and around bony prominences, locations where 
interface pressures are the greatest. The majority of PUs 
are found in the gluteal and sacral regions [11], principally 
at the ischial tuberosities, sacrum, and coccyx.

Safe Patient Handling Equipment
Mechanical lifting technologies have been developed 

to reduce musculoskeletal injuries to caregivers perform-
ing patient handling tasks (e.g., lifting, repositioning,
transfers). Experts advocate using engineering solutions 
such as mechanical or powered patient lifts (ceiling- or 
floor-based) and friction-reducing devices to reduce the 
risk of injury associated with patient handling [12–14]. 
The universal sling (i.e., a full-body seated sling) is the 
most common lifting aid used to transfer and transport 
dependent patients, including between bed and wheel-
chair or dependency chair and vice versa, chair and com-
mode, or bed and stretcher. Figure 1 shows an example 
of an individual suspended in a universal sling. Further-
more, current nursing practice is to use universal slings 
and lifts for all transfers and transports involving depen-
dent patients, as taught by practice algorithms in collabo-
ration with the National Institute for Occupational Safety 
and Health, the Veterans Health Administration, and the 
American Nurses Association [15].

This research was conducted in response to concerns 
regarding the possible contribution that patient handling 
slings may play in PU development in vulnerable popula-
tions, specifically persons with SCI. To date, no evidence 
has been published that links the use of slings and lifts to 
pressure ulceration, and no literature exists that describes 
the interface pressures developed during suspension from 
patient handling slings. However, before exposing persons 
with SCI to an experimental protocol of various sling 
types, we decided to perform the first trials on healthy non-
disabled volunteers. The reason for this decision was
safety—a nondisabled participant would be able to

Figure 1.
Example of individual suspended in seated sling with ceiling lift

system. (Clothing is not representative of research protocol.)

 speak 

up about discomfort and would be at near-zero risk for a 
pressure-related injury as a result of the study. The main 
goals of this study were to (1) describe and quantify risks 
associated with safe patient handling sling use and pres-
sure ulceration due to normal forces and (2) identify the at-
risk anatomical locations while lying supine on a hospital 
bed and while suspended during typical patient transfers 
for various sling designs (e.g., universal, repositioning, 
hygiene, disposable).

METHODS

Study Design
A descriptive, observational study was conducted at 

a VA clinical research institution. Twenty-three patient 
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handling slings (18 seated, 5 supine) were chosen to repre-
sent a wide variety of sling styles (e.g., slings with and with-
out head support), materials, and manufacturers. The sample 
was not exhaustive but selected to provide a representation 
of what is currently available and used in clinical settings. 
Slings were selected from three international manufacturers: 
ArjoHuntleigh (Addison, Illinois), Guldmann Inc (Tampa, 
Florida), and Liko AB (Luleå, Sweden). Table 1 shows the 
list of slings evaluated, along with their descriptions.

Participants
Four nondisabled adult volunteers (3 male, 1 female) 

comprised this convenience sample. The age of the par-
ticipants ranged from 21 to 42 yr (mean ± standard devia-
tion [SD]: 30.0 ± 8.8 yr). Their heights ranged from 1.70 
to 1.83 m (1.75 ± 0.06 m) and their weights from 59.1 to 
87.3 kg (76.9 ± 12.6 kg). Their body mass indexes ranged 
from 20.4 to 28.4 (25.2 ± 3.4).

Instrumentation
Interface pressure measurements were recorded at 

5 Hz with a high-resolution pressure-mapping system 
(X3 PRO, XSENSOR Technology Corporation; Calgary, 

Canada). This system uses a flexible, thin, 50.8 × 
81.0 cm (20 × 32 in.) sensor array comprised of 16,000 
sensors with a resolution of 0.51 cm (25 sensors/in.2). 
The sensors use proprietary capacitive technology to 
measure interface pressures. Individual pressure informa-
tion from each sensor can be visualized on a computer for 
real-time visualization and recording. The sensor array 
was calibrated by the manufacturer to measure pressures 
from 0 to 200 mm Hg, with a reported accuracy of 
±10 percent.

A modern hospital bed with low air loss technology 
was used for all measurements (VersaCare A.I.R. Surface, 
Hill-Rom; Chicago, Illinois). The head of bed (HOB) ele-
vation was measured with the bed’s ball-bearing indicator 
located in the side rail of the bed. A ceiling lift system 
(Maxi Sky 600, ArjoHuntleigh) was used in a clinical labo-
ratory setting for all participants and slings. The lift system 
has a safe working load of 272 kg and a 2.3 m strap length. 
A standard 2-point spreader bar was used for all seated 
slings. The manufacturer-recommended spreader bar
(either 8- or 10-point) was used for each of the respective 
supine slings.

Table 1.
Patient handling slings evaluated.

Sling Manufacturer Type Material Feature
A. General Purpose Loop Sling with Head Support ArjoHuntleigh Seated Polyester —
B. Toilet Sling with Head Support ArjoHuntleigh Seated Polyester —
C. Mesh Sling with Head Support ArjoHuntleigh Seated Polyester Hygiene
D. Large Hammock Sling ArjoHuntleigh Seated Polyester —
E. Loop Flites ArjoHuntleigh Seated Polyester Disposable
F. Active Micro Plus Guldmann Inc Seated Polyester —
G. Basic Basic Sling Guldmann Inc Seated Polyester —
H. Basic Basic Sling Guldmann Inc Seated Polyester Net Hygiene
I. Basic High Guldmann Inc Seated Polyester —
J. Basic High Guldmann Inc Seated Polyester Net Hygiene
K. Uni-D Guldmann Inc Seated Nylon —
L. Uni-D High Back Guldmann Inc Seated Nylon —
M. Uni-D High Back Disposable Guldmann Inc Seated Polyester Disposable
N. Original Highback Liko AB Seated Polyester —
O. Original Highback Liko AB Seated Plastic Coated Net Hygiene
P. Universal Sling Liko AB Seated Polyester —
Q. Universal Sling Liko AB Seated Plastic Coated Net Hygiene
R. Solo Highback Liko AB Seated Non-Woven Polypropylene Disposable
S1. Repositioning Sling with Stretcher Frame ArjoHuntleigh Supine Polyester —
S2. Stretcher Sling ArjoHuntleigh Supine Polyester —
S3. Disposable Repositioning with Horizontal Lifting Support Guldmann Inc Supine Polyester Disposable
S4. Octo Lift Sheet with Octo Stretch Liko AB Supine Polyester —
S5. Repositioning Sheet Liko AB Supine Polyester, Cotton —
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Protocol
Participants were dressed in hospital scrubs and posi-

tioned supine on the flat hospital bed. The sensor array was 
placed between the participant and the sling, spanning 
from the sacrum to the lower thighs to ensure data collec-
tion of the predominant weight-bearing tissue areas, i.e., 
the most common anatomical locations of PU develop-
ment. The sling and sensor array were positioned on the 
bed prior to the participant lying on the bed to ensure 
proper placement beneath the patient, without wrinkles.

Participants underwent a series of positions, trans-
fers, and transports with each sling. Interface pressure 
measurements were recorded throughout the duration of 
the protocol. Participants were monitored for 5 min in 
each position. This time frame was chosen to allow the 
subject to get acclimated to the position, to allow enough 
time for transport if prescribed, and to limit prolonged 
exposure to potentially high pressures while suspended in 
the sling. The positioning sequence for the seated slings 
was as follows: supine on bed (0 HOB), HOB raised to 
30, sling installation onto the ceiling lift (for an upright 
seated position), suspension in sling and transport (bed to 
wheelchair), seated in wheelchair, suspension in sling 
and transport (wheelchair to bed), and supine on bed (30
HOB) with sling uninstalled from the ceiling lift. The 
positioning sequence for the supine slings was as fol-
lows: supine on bed (0 HOB), sling installation onto the 
ceiling lift, suspension in sling and transport, and supine 
on bed (0 HOB) with sling uninstalled from the ceiling 
lift. The entire protocol was completed in approximately 
30 min for each of the seated slings and 20 min for each 
of the supine slings. During sling installation and suspen-
sion, care was taken to ensure the sensor array was posi-
tioned beneath the participant’s weight-bearing tissue
areas and was not bunched up. After completing each 
sling sequence, participants were given a questionnaire to 
describe how they felt with respect to the sling’s security, 
comfort, discomfort, and pain using a 5-item Likert scale. 
Locations of discomfort and/or pain were marked on a 
schematic of the body.

Data Analysis
The interface pressure profiles from the supine on bed 

(0 HOB) and suspension in sling positions were used to 
determine how each of the patient handling slings affected 
the participants’ interface pressures. For clarity, interface 
pressure data for other positions will be described in a 
future article. MATLAB (The MathWorks Inc; Natick, 

Massachusetts) and Excel (Microsoft Corporation; Red-
mond, Washington) were used to image, analyze, and com-
pare the interface pressure data. Each pressure profile 
described the interface pressure (millimeters of mercury) 
at each of the 16,000 discrete sensors. Interface pressure 
distributions across the slings were analyzed, and the ana-
tomical locations of high pressures were determined.

For each position of each sling, a representative sam-
ple was selected for analysis. Each representative sample 
consisted of the average of 40 consecutive seconds of 
interface pressure data (200 profiles) with the least vari-
ance. The pressure distributions were analyzed by divid-
ing the calibrated range of pressures into ten divisions 
(>0, >20, >40, >60, >80, >100, >120, >140, >160, and 
>180 mm Hg) and summing the number of sensors at 
each threshold.

The seated and supine slings were ranked overall 
according to their interface pressure distribution while 
suspended. The suspended position was chosen because 
that is the slings’ intended purpose (to transfer an individ-
ual) and the task that puts individuals at greatest risk. The 
ranking system criteria chosen for the seated slings mini-
mized the number of sensors exposed to high interface 
pressures (i.e., average of >40, >60, and >80 mm Hg; 
>100 mm Hg; and >180 mm Hg) while also maximizing 
the number of sensors consisting of lower, or supportive, 
interface pressures (all sensors 80 mm Hg). The ranking 
system criteria chosen for the supine slings, similar to the 
seated slings but with different thresholds, also minimized 
the number of sensors exposed to high interface pressures 
(i.e., average of >20, >40, and >60 mm Hg; >60 mm Hg; 
and >80 mm Hg) while maximizing the number of sen-
sors consisting of lower, or supportive, interface pressures 
(all sensors 40 mm Hg). The slings were ranked based 
on performance for each participant, and the average 
score for each criterion was evaluated for each sling. 
Combining all criteria, which were equally weighted, 
resulted in the overall rank for each type of sling.

Mean response scores were used to describe the 
questionnaire data.

RESULTS

Interface Pressure Profiles
A total of 606,747 interface pressure profiles were 

recorded from over 33 h of data collection; each partici-
pant was monitored for an average of 8.4 ± 0.3 h.
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Interface Pressures and Anatomical Areas of Risk

Seated Slings
As expected, seated sling interface pressures (Table 

2) were greater while participants were suspended in the 
sling than while they were lying on the sling in bed. 
Interface pressure magnitudes exceeded 200 mm Hg for 

all participants while suspended for all slings. Sling-
patient interface pressures were greatest along the sling 
seams (edges), regardless of position or type of sling. The 
anatomical areas exposed to these high pressures were 
located at the posterior upper and lower thighs toward the 
groin and knees, respectively. Figure 2 shows examples 
of interface pressure profiles of 

Table 2.
Mean interface pressure data for seated slings. Data represent mean tissue area (centimeters squared) that exceeds interface pressure thresholds (millimeters of 
mercury) for indicated position. Slings are ranked for suspended position from best-performing (lower number) to least-performing (higher number).

Sling
Mean Tissue Area Across Interface Pressure Thresholds

Rank
 >0  >20  >40  >60  >80  >100  >120  >140  >160  >180

Seated Slings (Supine 0° HOB)

A 1,216.2 696.0 59.5 9.8 3.4 1.4 0.8 0.5 0.3 0.1 —

B 1,219.5 751.9 23.1 1.5 0.0 0.0 0.0 0.0 0.0 0.0 —

C 1,096.6 607.8 45.9 7.6 2.2 0.9 0.5 0.3 0.1 0.1 —

D 1,322.4 747.2 47.2 6.5 2.0 0.6 0.2 0.1 0.1 0.0 —

E 1,176.8 703.8 53.6 6.7 1.7 0.5 0.3 0.2 0.1 0.1 —

F 1,153.2 675.6 32.7 1.3 0.1 0.1 0.0 0.0 0.0 0.0 —

G 1,168.5 703.0 40.3 3.4 0.7 0.6 0.5 0.2 0.1 0.0 —

H 1,282.4 740.4 32.7 4.4 2.1 1.1 0.7 0.5 0.3 0.1 —

I 1,162.8 717.0 72.3 7.9 2.2 0.7 0.5 0.4 0.2 0.2 —

J 1,209.1 706.1 55.6 6.7 2.3 1.4 0.8 0.2 0.1 0.1 —

K 1,210.3 683.7 33.0 3.9 1.0 0.3 0.1 0.0 0.0 0.0 —

L 1,144.7 655.9 29.3 3.4 0.3 0.1 0.0 0.0 0.0 0.0 —

M 1,203.6 702.6 34.3 2.5 0.6 0.0 0.0 0.0 0.0 0.0 —

N 1,156.3 692.5 48.1 7.6 3.0 1.2 0.4 0.2 0.2 0.2 —

O 972.1 513.4 52.2 12.3 5.0 2.6 1.9 1.4 1.1 0.7 —

P 1,120.4 613.4 37.4 8.1 2.8 1.5 1.0 0.6 0.4 0.3 —

Q 1,022.3 581.5 41.8 4.0 1.2 0.6 0.1 0.1 0.1 0.1 —

R 998.0 547.0 38.9 9.4 3.2 1.4 0.7 0.4 0.1 0.0 —

Mean ± SD 1,157.5 ± 88.7 668.8 ± 66.9 43.2 ± 11.9 5.9 ± 3.0 1.9 ± 1.3 0.8 ± 0.7 0.5 ± 0.5 0.3 ± 0.3 0.2 ± 0.3 0.1 ± 0.2 —

Seated Slings (Suspended)

A 2,130.9 1,462.2 455.5 211.2 120.5 84.1 63.5 48.2 38.2 31.4 1

B 1,276.3 994.4 488.3 279.2 186.2 143.7 115.9 96.4 82.7 71.2 10

C 1,934.3 1,287.7 456.7 261.7 176.0 132.9 101.4 78.4 61.9 49.0 5

D 2,483.0 1,902.5 743.0 307.6 127.1 60.0 34.4 19.9 10.9 6.7 3

E 2,153.7 1,519.4 516.2 262.9 145.9 100.7 72.2 53.0 39.6 29.2 2

F 1,099.7 906.5 488.2 317.5 196.3 130.7 95.0 68.3 49.4 35.2 6

G 2,062.7 1,386.8 593.9 385.8 272.2 209.1 167.6 134.8 112.8 94.4 14

H 1,802.2 1,064.3 458.0 357.4 297.6 253.1 219.7 188.7 163.0 142.1 17

I 2,033.3 1,393.5 603.0 377.8 251.8 179.0 130.9 94.2 66.9 47.3 11

J 1,986.8 1,142.1 413.8 304.7 227.8 174.7 132.9 103.1 80.7 63.8 9

K 2,017.9 1,326.7 530.6 352.9 266.3 218.0 182.0 152.2 129.8 112.0 16

L 1,985.2 1,362.7 522.0 283.6 186.3 138.6 106.5 81.2 63.3 49.1 4

M 1,755.6 1,190.4 549.8 366.1 271.7 213.0 170.7 134.0 106.8 85.9 15

N 1,828.4 1,220.0 538.9 362.9 260.2 199.8 161.7 130.7 106.1 86.5 17

O 1,853.4 1,250.7 491.8 301.2 196.4 141.7 107.3 82.3 64.9 50.4 7

P 1,683.3 1,137.8 508.1 326.9 224.2 172.1 136.3 110.5 91.8 77.7 12

Q 1,706.9 1,105.5 455.3 305.0 227.4 184.0 152.6 125.8 104.8 86.6 12

R 2,037.4 1,438.7 575.4 344.8 225.0 159.0 119.6 92.2 73.3 59.2 7

Mean ± SD 1,879.5 ± 306.8 1,282.9 ± 221.9 521.6 ± 73.4 317.2 ± 45.4 214.4 ± 50.1 160.8 ± 48.3 126.1 ± 44.4 99.7 ± 39.6 80.4 ± 35.5 65.4 ± 31.9 —

HOB = head of bed, SD = standard deviation.

seated slings.
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Supine Slings

Figure 2.
Interface pressure profile images. Color bar represents interface pressure magnitude in millimeters of mercury. Examples of sus-

pended positions in (a) high-performing and (b) low-performing slings. Note high pressures densely localized along seams and 

edges.

Similarly, supine sling interface pressures (Table 3) 
were greater while participants were suspended in the sling 
than while they were lying on the sling in bed. Interface 
pressures were greatest along the sling seams (edges). The 
anatomical areas exposed to the highest interface pressures 
were the tissues of the perisacral area, ischial tuberosities, 
and greater trochanters. Additionally, the presence of addi-
tional sling seams (support straps) on the underside of 
some of the supine slings greatly increased interface pres-
sures over these load-bearing areas.

Participant Perceptions
Table 4 details participant perceptions about how 

they felt while in each of the slings. The anatomical areas 
of discomfort and pain identified by the participants were 
primarily located at the sling seams (edges).

Sling Comparisons
The seated and supine slings were ranked overall 

according to their performance while suspended (Tables 
2–3). Trends in sling performance were not identified 
based solely on a particular material, manufacturer, or 
sling style. A few seated slings consistently performed 
better (>1 SD better than the mean) than others across the 
four criteria: slings A, D, and E for the three criteria for 
minimizing tissue area exposed to high interface pres-
sures (average of >40, >60, and >80 mm Hg; >100 mm 
Hg; and >180 mm Hg) and slings A and C for maximiz-
ing supportive interface pressures (all pressures 80 mm 

Hg). A few seated slings performed worse (>1 SD worse 
than the mean) than others across the four criteria: slings 
H, K, and M for pressures >100 mm Hg; slings H and K 
for pressures >180 mm Hg; slings B and F for the aver-
age of pressures >40, >60, and >80 mm Hg; and slings G, 
I, and M for maximizing supportive interface pressures 
(all pressures 80 mm Hg). For the supine slings, S3 per-
formed better than others across the four criteria: for two 
of three criteria for minimizing tissue area exposed to 
high interface pressures (average of >20, >40, and 
>60 mm Hg and >60 mm Hg) and for maximizing sup-
portive interface pressures (all pressures 40 mm Hg). 
The supine sling S5 performed worse than the others for 
all four criteria.

DISCUSSION

Patient handling sling use is the standard of care to 
transfer and transport dependent patients, such as those 
with SCI, to and from their beds or wheelchairs. These 
mechanical lifting devices have been shown to prevent 
healthcare worker injuries, e.g., back injuries, but no lit-
erature demonstrates their safety with respect to skin 
integrity for at-risk patients. This study demonstrates that 
patient handling slings generate considerable interface 
pressures on the individuals they suspend during trans-
fers and transports. All seated slings, regardless of sling 
type or manufacturer, subjected all participants to inter-
face pressures greater than 200 mm Hg while suspended. 
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Table 3.
Mean interface pressure data for supine slings. Data represent mean tissue area (centimeters squared) that exceeds interface pressure thresholds (millimeters of 
mercury) for indicated position. Slings are ranked for suspended position from best-performing (lower number) to least-performing (higher number).

Sling
Mean Tissue Area Across Interface Pressure Thresholds

Rank
 >0  >20  >40  >60  >80  >100  >120  >140  >160  >180

Supine Slings (Supine 0° HOB)
S1 1,331.4 854.9 117.0 4.7 0.7 0.2 0.0 0.0 0.0 0.0 —
S2 1,304.3 862.1 121.3 9.4 1.3 0.3 0.1 0.0 0.0 0.0 —
S3 1,378.0 893.0 118.8 3.8 0.2 0.0 0.0 0.0 0.0 0.0 —
S4 1,351.0 897.9 127.2 10.0 1.0 0.1 0.0 0.0 0.0 0.0 —
S5 1,344.0 873.0 106.0 4.5 0.4 0.0 0.0 0.0 0.0 0.0 —
Mean ± SD 1,341.8 ± 24.1 876.2 ± 16.8 118.1 ± 6.9 6.5 ± 2.7 0.7 ± 0.4 0.1 ± 0.1 0.0 ± 0.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 —
Supine Slings (Suspended)
S1 1,559.4 1,024.3 150.1 19.0 3.6 1.3 0.3 0.1 0.1 0.1 2
S2 1,375.5 976.5 179.8 48.7 11.9 4.1 1.3 0.6 0.3 0.1 4
S3 1,697.0 1,135.4 83.7 5.5 0.8 0.1 0.0 0.0 0.0 0.0 1
S4 1,423.7 1,075.6 170.2 35.8 7.9 1.8 0.7 0.2 0.1 0.1 3
S5 1,270.3 822.6 160.2 103.4 72.6 53.9 40.9 31.3 25.5 20.1 5
Mean ± SD 1,465.2 ± 148.6 1,006.9 ± 106.2 148.8 ± 34.0 42.5 ± 33.8 19.4 ± 26.9 12.2 ± 20.9 8.6 ± 16.1 6.4 ± 12.4 5.2 ± 10.2 4.1 ± 8.0 —
HOB = head of bed, SD = standard deviation.

Table 4.
Participant perceptions. Data represent mean response to 5-item Likert scale for how participants felt in each sling, where 1 = least and 5 = most.

Sling Secure Comfortable Discomfort Pain
A. General Purpose Loop Sling with Head Support 4.50 4.25 1.75 1.50
B. Toilet Sling with Head Support 3.25 2.75 3.00 2.75
C. Mesh Sling with Head Support 4.00 3.75 2.25 1.75
D. Large Hammock Sling 4.75 4.25 1.75 1.50
E. Loop Flites 5.00 4.50 1.25 1.00
F. Active Micro Plus 3.75 3.50 2.50 1.50
G. Basic Basic Sling 4.00 2.50 2.75 2.50
H. Basic Basic Sling 4.50 2.75 3.25 2.25
I. Basic High 4.75 3.25 2.50 2.00
J. Basic High 4.50 4.25 2.50 1.25
K. Uni-D 4.50 3.75 2.75 1.75
L. Uni-D High Back 4.75 4.00 2.00 1.75
M. Uni-D High Back Disposable 4.50 2.75 3.50 3.25
N. Original Highback 4.00 3.25 3.25 3.00
O. Original Highback 4.50 4.00 1.75 1.75
P. Universal Sling 3.50 2.50 3.50 3.50
Q. Universal Sling 4.25 3.00 2.75 2.00
R. Solo Highback 4.75 4.25 2.25 1.25
S1. Repositioning Sling with Stretcher Frame 4.00 4.00 1.50 1.00
S2. Stretcher Sling 3.67 4.00 2.00 1.00
S3. Disposable Repositioning with Horizontal Lifting Support 4.00 3.50 2.75 1.00
S4. Octo Lift Sheet with Octo Stretch 5.00 5.00 1.75 1.75
S5. Repositioning Sheet 4.75 3.75 3.25 3.00

Interface pressures exceeded the calibrated range of the 
sensor, so peak or maximal interface pressures could not 
be determined. The supine slings also generated high 
interface pressures while participants were suspended, 
although not as high. While there is no widely accepted 

threshold for PU risk, interface pressures that impede 
blood flow or cause tissue deformation have the potential 
to cause pressure ulceration. Exposure to interface pres-
sures greater than 100 mm Hg, let alone 200 mm Hg, is a 
threshold that should be minimized or avoided.
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For the seated slings, the anatomical areas exposed to 
elevated interface pressures were primarily the posterior 
upper and lower thighs toward the groin and knees, 
respectively. Despite the extremely high pressures at the 
sling seams (edges) while participants were suspended 
(>200 mm Hg), these pressures were not over the bony 
prominences where PUs typically develop (e.g., sacrum, 
coccyx, greater trochanters). While the high pressure 
areas are not typical areas for PU formation, it would be 
prudent to limit the duration of these pressures as much 
as possible. For the supine slings, despite lower magni-
tude interface pressures, the anatomical areas exposed to 
the highest interface pressures were over the perisacral 
area, buttocks, and greater trochanters (and tissue areas 
across any support straps). Therefore, regardless of the 
sling type, the amount of time suspended in the sling 
should be limited.

We are not aware of any prior work examining the 
interface pressures of individuals suspended in patient 
handling slings. Therefore, we wanted to gather some 
participant feedback about security, comfort, discomfort, 
and pain for the different slings. Generally speaking, the 
participants’ feedback correlated with the sling perfor-
mance rankings, i.e., those with higher scores for secure 
and comfortable and lower scores for discomfort and 
pain corresponded with a better performance ranking. 
However, there were some exceptions, which indicate 
that participant feedback cannot be solely relied on for 
determining a sling’s performance.

Recommendations to Reduce Sling Interface Pressures
To help minimize sling-participant interface pres-

sures, care should be taken that the seams are not beneath 
the patient when he or she is seated or lying on a sling 
(not suspended), or if unavoidable, the seams should not 
be under the sacrum or ischial tuberosities and should be 
smoothed out to minimize high interface pressures. Addi-
tionally, when lifting an individual, one should ensure 
that the fabric (or seams) does not fold over itself to 
avoid unnecessarily high interface pressures. If the sling 
becomes pleated, it essentially doubles or triples the size 
of the sling seams, thus doubling or tripling the tissue 
area exposed to elevated interface pressures. Therefore, it 
is important that the sling is appropriately sized to the 
individual. Pleating tended to be an issue for slings made 
of thinner materials and slings with more material. Sus-
pension in a patient handling sling will inevitably result 
in elevated interface pressures. Therefore, it is recom-

mended that the duration of suspension should be moni-
tored and limited. Additionally, providing a slight recline 
while suspended in the seated position can provide some 
weight support onto the back, which can help alleviate 
high interface pressures on the thighs.

Limitations and Future Work
This study has a few limitations. First, tissue inter-

face pressures do not directly measure internal tissue and 
capillary pressures; however, elevated interface pressures 
subject these tissues to increased risk for tissue damage 
and PU formation. Additionally, pressure is only one of 
many contributing factors to PU development, which 
include shear, friction, moisture, and temperature. Sec-
ond, there were only four subjects, none of whom were 
obese, so this group did not represent the variety of body 
habitus seen in clinical practice. Third, minor data collec-
tion errors occurred but were resolved. Occasionally, the 
pressure mapping array would not record a column or 
two of data, displaying 0 mm Hg as the observed inter-
face pressures. If a representative sample had missing 
data, adjacent column pressure values were interpolated. 
This correction was needed for less than 2 percent of the 
total analyzed interface pressure profiles for both seated 
and supine slings. Fourth, this study only evaluated 23 
different safe patient handling slings. This sling sample 
was a selection of what is currently available and used in 
clinical settings, but several other manufacturers and 
styles exist.

Despite these limitations, this research is the first to 
provide interface pressure data for persons suspended in 
patient handling slings. Due to the preliminary nature of 
this work (small number of participants [n = 4]), future 
research is warranted before extrapolating these results to 
the clinical setting. Future work is planned to collect data 
using the best performing slings with at-risk populations, 
specifically adults with SCI, to determine how their 
results compare with those of nondisabled adults. Based 
on prior interface pressure data with individuals at risk for 
PU development [16], we could expect an increased risk 
for PU development for individuals with SCI compared 
with healthy adults. Further research is also warranted to 
evaluate other patient handling slings of different manu-
facturers, materials, and sling types, as well as to evaluate 
other positioning techniques for minimizing interface 
pressures while individuals are suspended, such as shift-
ing some of the weight-bearing areas from the posterior 
thighs to the back.
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CONCLUSIONS

Transferring individuals with patient handling slings 
exposes them to high interface pressures. Interface pres-
sures are elevated along the sling seams (edges), indepen-
dent of the sling type or manufacturer. The anatomical 
areas exposed to high pressures while participants were 
suspended included the posterior upper and lower thighs 
toward the groin and knees, respectively, in seated slings 
and the tissues of the perisacral area, buttocks, and greater 
trochanters in supine slings. Interface pressures are maxi-
mal while individuals are suspended in a sling; therefore, 
the duration suspended should be limited.
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