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Introduction
Bed provision in acute and long-term care has changed 
significantly over the last 50 years. From the addition of 
powered movement for height and position, beds now have a 
wide range of possible technologies to monitor and support 
the people in them. This supports the role of the bed as 
being part of the overall treatment package for someone in 
a care environment being key for positioning, pressure injury 
prevention, mobilisation etc 

Recent patterns of use across a wide range of care delivery 
suggests that beds are being used to reduce the distance and 
injury risks from falls by the bed.1 This has created a market 
for care beds with different lowest heights e.g., Standard 
height 25+ cm, low height bed 10–20 cm or ultra-low (floor) 
beds <10 cm. This leaves care staff in an interesting position 
where they might have to balance the choice of safety against 
falls harm against the requirement to promote mobility and 
rehabilitation for improved function and discharge from 
care. This paper reviews the use of low and ultra-low beds 
and a study completed to indicate the optimum height of 
beds to best facilitate the sit to stand activity required for 
mobilisation.

Background 
Not facilitating mobilisation for people in acute or long-
term care reduces their functionality. These changes can 
occur quickly and are one possible route to reduced patient 
outcomes2. Evidence reports many physiological benefits of 
early mobility.3,4,5,6,7,8 Patients should be mobilised as soon as 
possible in any health intervention as there is clear evidence 
that early mobilisation reduces length of stay.9

The relationship between bed height, carers and the 
bed occupant has considered both staff wellbeing10 and 
patient safety (e.g., bed rail design11,12). To support effective 
mobilisation a series of studies investigated biomechanical 
movements for sit-to-stand (STS) and sit-to-walk (STW). 
Merryweather et al13, reported that a low bed is ‘dangerous 
for patients with limited hip flexion, and increased effort 
is needed to rise out of the low bed’. Morse et al14, added 
that impaired balance or reduced function makes this more 
challenging. These studies support Christman et al15, that 
preferred bed height might be knee height or higher which 
agreed with the anthropometric analysis by Fajobi et al16.
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Two further studies reported guidance for the preferred 
bed height to support the STS activity relative to lower leg 
length (LLL) which is measured in this study as popliteal 
height. Lindeman et al17 looked at forces applied during a STS 
movement with older users at different bed heights with, 
and without, the use of hand rails to assist. When comparing 
80%, 100% and 120% of popliteal height, the higher bed 
height (120%) was the easiest. Similarly, Capezuti et al18, in a 
review paper suggested a height between 100% and 120% of 
popliteal height (or LLL) is considered optimal as it requires 
less biomechanical effort.

The recent changes in bed designs with a shift to low and 
ultra-low beds have significantly changed the relationship to 
popliteal height (LLL) and independent STS/STW movements. 

Beds can now be set to very low, almost floor height (ultra-
low) which will totally impair a person’s ability to get out of 
the bed. Overall, the recent review from Fray Hignett and Gyi19 
summarises that low height (<80% LLL) will limit mobility for 
STS/STW without using a grab rail (and pushing up from the 
bed) and optimal height would be above 100% of LLL as part 
of the wider room design considerations. 

Evenda® study
Introduction
The literature for ultra-low bed height acknowledged that 
very low beds will inhibit normal movement and will prevent 
independent egress. The research question for this study is to 
quantify the optimum bed height to support mobility for any 
user by exploring the relationships between the bed height, 
user’s anthropometry (LLL) and their ability to stand from the 
bed (STS).

Specifically, to inform the design and use of the Evenda bed 
to best support mobility and safety for the bed users with the 
following deliverables:
a. Report the effects of bed height around popliteal heights for 

STS from a bed.
b. Report a critical disabling height (i.e., too low) for STS from 

a bed.
c. Report the effects of parallel and perpendicular positions of 

the egress handle.
d. Suggest a protocol for optimum bed height for the most 

effective mobility for patients with limited ability or lower 
limb function.

Figure 1. Popliteal Height sometimes reported as Lower Leg Length (LLL).

120% of 
Popliteal Height

80% of 
Popliteal Height

100% 
Popliteal Height (LLL)

Popliteal 
Height

Low height (<80% LLL) will limit mobility for sit to 
stand and sit to walk; and optimal height would be 
above 100% of LLL.

LLL: Lower Leg Length or Popliteal height
STS: Sit-to-stand
STW: Sit-to-walk
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Number of 
participants:

24 Stature 1.53 m – 1.85 m

Males: 8 Mass: 45.5 kg – 112.8 kg

Females: 16 BMI: 19.6 kgm2 – 44.8 kgm2

Age range: 64–92

Methods
Participants were recruited by invitation (n=24, 8M, 16F), 
age >60 years (range 64–92). Their anthropometry matched 
normal spread (stature 1.53–1.85 m, mass 45.5–112.8 kg, BMI 
19.6–44.8 kgm–2). In line with the Covid requirements specific 
ethical permission was required through Loughborough 
University procedures etc. All participants had a level of 
mobility that allowed attendance at the laboratory for the trial. 

The procedure and data collection required basic 
anthropometry measures to be collected for stature, leg 
length, popliteal height, knee height and hand position in 
sitting (Fig 2). The 90° sitting height was measured and then 
replicated on the Evenda bed as a baseline position allowing 
for mattress compression. The participant was then required 
to stand from the bed from all the different heights (Baseline 
first, +10, +5, –5, –10, –15, –20cm) in an unbiassed order. At 
each height they were required to stand with the parallel 
handle, the perpendicular handle and with no handle  
(n=21 STS Fig 3). 

After each STS participants reviewed the height of the bed 
and reported their subjective evaluation of the task of raising 
from the bed with 5 questions; muscle effort (Borg Effort  
Scale 0–10); 
• preferred bed height (1–7 scale), 
• handrail use (1–5 scale), 
• handrail comfort (1–7 scale), 
• handrail position (1–7 scale). 

After all conditions had been completed a comparison debrief 
was completed to support the selection of 2 specific bed 
heights: 
a) the lowest acceptable height that they would be prepared 

to get up from, 
b) the optimum height that they would like the bed to be set 

for regular egress. 

Figure 2. Popliteal Height and Knee Height and heights included in 
trial (+10 cm to –20 cm around popliteal height). 

Bed heights included in trial
Popliteal height +10 cm to –20 cm

+10 cm
+ 5 cm
Baseline
– 5 cm
– 10 cm
– 15 cm
– 20 cmPopliteal 

Height
Knee 
Height

Measuring Popliteal Height during collection of anthropometric data

Figure 3. Handle alignment for Evenda trial i.e. parallel and 
perpendicular position of the mobility assist handle

The participant was required to stand from the bed 
from all the different heights (Baseline first, +10, +5, 
–5, –10, –15, –20cm) in an unbiassed order 

parallel handle 
position

perpendicular 
handle position

Bed edge

Top view of handle alignment
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Results
a. Effect of bed height on sit to stand from a bed.
There was clear evidence that the height of the bed made a 
difference to the effort required for the sit to stand (STS) task. 
Statistical analysis (ANOVA) showed all the variation to be 
caused by the height and very little effect was seen between 
the different hand positions. 

literature review19 but suggested that 20% below knee height 
might be disabling, the figure in this study is closer to 5% 
below popliteal height.

c. Effects of positions of the egress handle.
75% of participants preferred the perpendicular position of 
the mobility assist handle to aid their sit to stand from the 
bed. The explanation for this was the preference of a chair 
arm format to push themselves up from the bed. 

The reported muscle effort needed to stand was consistently 
lower for the perpendicular handle when compared to the 
parallel handle across the range of heights (Graph 1).

The reported comfort was consistently better for the 
perpendicular handle across all heights above and below 
popliteal level (Graph 3).

b. Critical disabling height for STS from a bed.
Evidence reported in this study showed 21% (5/24) of the 
group could not stand from a bed height of 20 cm below 
popliteal knee height. One of the participants could not stand 
from 15 cm below the baseline. Using an inclusive design 
philosophy this indicates that if a standard protocol was 
required to allow all people to be able to stand the bed height 
could never be 15 cm below popliteal height as some people 
would be prevented from standing. This agrees with the 

Participants were required to make a subjective assessment 
of the actual height of the bed judging if it was too high or 
too low. Similar to the previous there was no clear difference 
between the assist handle positions (Graph 2). 

Graph 1. Biomechanical effort for STS from different bed heights with 
different egress hand positions (0=No effort 10=maximum effort). 

Graph 2. Perception of bed height for different heights and hand 
positions. (1=too high 7=too low)
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Graph 3. Assist handle comfort perpendicular vs parallel positions 
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21% of the group could not stand from a bed height 
of 20 cm below popliteal knee height. 

75% of participants preferred the perpendicular 
position of the mobility assist handle to aid their sit 
to stand from the bed. 

The reported comfort was consistently better for the 
perpendicular handle across all heights above and 
below popliteal level.
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d. Suggest a protocol for optimum bed height for the most 
effective STS from a bed

The creation of a specific protocol for preferred height to give 
an effective inclusive height to assist all bed users to stand 
from the bed lacked any statistically strong pattern to support 
the judgement. There were individuals within the group that 
had strong personal preferences which affected the overall 
correlation relationships across the cohort. However, there 
was correlation between the popliteal height and knee height 
and the lowest acceptable height for STS and the optimum 
height for STS (p=0.11 and 0.055). There was stronger 
correlation between the angle of inclination of the thigh and 

the preferred heights of the bed, and this showed that taller 
people did not need all the additional height that the shorter 
people required.

By continuing to use the inclusive design criterion 96% of the 
group reported optimum height for sit to stand from the bed 
to be greater than 90° knee angle.

96% of the group reported optimum height for sit to 
stand from the bed to be greater than 90° knee angle 


