
A comparative force assessment of 4 methods to move a 

patient up a bed 

Mike Fray1 and George Holgate1 

1 Loughborough Design School, Loughborough University UK M.J.Fray@lboro.ac.uk 

Abstract.  
This study compared four different postures and positions regularly suggested for 

moving a patient up towards the head of the bed, using both novice and expert users. 
 
The trial was carried out in a laboratory using 21 participants (10 novices and 11 

experts).  All participants completed all conditions (n=4) three times each (n=3 repeti-
tions).  The physical force at each hand was recorded using electronic four compres-
sion/tension meters, recorded on DasyLab software. After each condition a subjective 
review questionnaire was completed. The data was processed with excel and SPSS to 
evaluate the differences between the conditions.   

 
A significant statistical reduction was found when comparing combined force for 

all carers (F(3,27)=24.63, p<.05) and the load per individual (F(2.21,44.21)= 27.26, 
p<.05).  However there was found to be no statistical difference between left and right 
hand or upper or lower hand. 

 
Transfers carried out with the carer pulling the patient towards them corresponded 

with a lower force to complete the transfer. This study suggests that a position with an 
oblique offset base and an action of pull and push in line with the carer could be the 
preferred position for a wide range of patient transfers. 
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1 Introduction 

Warming et al (2009) defined patient handling as consisting of two tasks ‘(1) transfer 
tasks, which is when the nurse assists the patient moving from one position to another 
and (2) care tasks, which is when the nurse assists the patient in doing daily activities 
or necessary professional tasks for the well-being of the patient’. The focus of this 
report will be on patient transfer tasks, in particularly moving patients horizontally 
towards the head of the bed.  

Care staff are frequently exposed to significant load during their daily work (Fragala 
et al. 2005). The handling and moving of patients in bed are part of these frequently 
carried out tasks, with Smith (2005) stating the ‘act of pulling a patient up to the head 
of the bed, is a frequently performed patient handling task’ and ‘nurses are exposed to 
high risk patient handling tasks at a high frequency’It is considered that nursing tasks 
can be high risk (Fragala et al,2005), Owen and Staehler, 2003). 

Various studies have highlighted that carers are at risk of potential injuries when 
carrying out transfer tasks (Garg et al., 1991, Schibye et al., 2003, Waters 2007). 
Other supporting studies (Alamgir et al 2007, Jager et al 2013) confirm the fact that 
carers are vulnerable to sustaining MSI due to ‘transferring and repositioning tasks 
during patient/ resident/ client care’. The potential risk of injury is accentuated 
through not using slide sheets; with Jordan et al. (2011) stating transfer tasks not 
using slide sheets are responsible for the ‘highest lumbar load of various patient-
handling tasks’.  

In order to reduce the impact of poor/ awkward patient handling and in particularly 
patient transfer, training and certain patient handling techniques/ aides have been put 
in place to help aid and inform carers (Smith, 2005, Cohen et al. 2010, WS Vic, 
2009). Pellino et al (2006) states using transfer aides reduce physical stress on the part 
of nurses (Nelson et al, 2003). Information, education and training in proper use of 
aids/ equipment are essential to promote behavioral and attitude changes among staff 
(ISO 2012, ANA 2013).   Several studies reported the combination of both using 
equipment and education is more effective safer patient handling (Black et al 2011, 
Lim et al 2011, Garg & Kapellusch, 2012).  

2 Methods 

2.1. Aims 
The overall aim of this study is to quantify and compare four different condi-

tions in terms of the force required to transfer a patient up towards the head of the 
bed, using both novice and expert users. 

 
2.2. Objectives 
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To quantify the amount of force required in each condition of transfer for 
both novice and expert users. 

To compare and rank the different conditions from best to worst in terms of 
force needed. 

 
2.3 Conditions 
The postures/positions to move someone towards the head of the bed were selected 

having reviewed current best practices (Brooks & Orchard. 2011, NHS. 2010, Smith 
et al., 2011). A focus group of professionals within the subject area was used to pro-
vide evaluation on the methods.  The force required to move the patient up the bed 
was evaluated in pilot studies.  Through testing a final suitable weight (≈68kg) was 
decided. On evaluation a weighted mannequin was used to standardise the trial.  Mar-
ket standard slide sheets were placed under the mannequin and the force devices were 
attached to standard positions on a non-slip under sheet.  The conditions selected for 
the trial were: 

1. Parallel Stepping- Two participants, on either side of the bed with hands at the 
shoulder and hip of the patient the carer’s step up the bed sliding the patient along. 
2. Rotation- Two participants, one on either side of the bed with hands at the 
shoulder and hip of the patient participants turn towards the head of the bed, with-
out moving the feet. 
3. 2 Person Oblique Pull Up Bed- Two participants at each top corner with an 
oblique offset base. To move the carers take a step backwards keeping their arms 
straight. 
4. Single Person Pull Up Bed- This transfer uses one participant, at the head of the 
bed with hands shoulder width apart. When ready the participant steps backwards, 
keeping their arms straight. 

 
2.4 Data Collection 
In line electronic force meters allowed force data to be collected from each hand 

for the four conditions. Ethical approval was achieved through the University sys-
tems. The force devices were calibrated daily and between participants. Each condi-
tion was completed three times, with an average taken, any large variations in the data 
caused a repetition of the action. A convenience, non-probability sampling strategy 
was used, by sending a number of emails to potential participants and using those who 
replied in the trial. 

 
During the trial participants were given time to familiarise themselves with the 

transfer.  Each transfer would then be carried out three. Once completed the partici-
pants being asked to fill out either a short novice or expert review questionnaires. The 
transfer was repeated if any errors or significant differences from normal movement 
or participant body position were observed, to give consistency in the analysis.  

 
2.5 Subjective Data 
After the participants carried out each condition they were asked to complete a 

subjective review depending on their level of experience (novice & expert). These 
included a Borg rating scale and likert scale questions reporting the effort, security 
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and safety of each condition, with the expert review also including how likely the 
particular condition was to be used in their regular practice and workplace.  

 
2.6 Forces Assessment 
Forces in Newtons were recorded at 20 reading per second in the software. Each 

transfer was examined with the length of transfer, average force and peak force being 
calculated and recorded.  These data were used to compare the conditions: 

• Total load per transfer - all hands all carers 
• Individual load per transfer - both hands per carer 
• Individual hand load for conditions 1, 2 and 4 

 
2.7 Statistical Analysis 
All Shapiro-Wilks test for normality was conducted on all data to evaluate for 

normal distribution. This implied the use of a repeated measures ANOVA test or a 
Friedman test. For the total load per transfer and also individual load per transfer, a 
repeated measures ANOVA was used to test for significance between the average 
force of each condition. Independent Samples T-tests were conducted to compare the 
average force exerted between the novice and expert participants. For non-normal 
distributions Wilcoxon Signed Rank test or Mann-Whitney U test were used. Post hoc 
analysis used the Bonferroni corrections. 

3 Results 

A total of 21 participants were used. These were split into novices (n=10) and experts 
(n=11), with each completing each transfer three times. 

4.1 Subjective Review- Qualitative Data 
Table 1. Mean Response Of The Borg Rating Scale for All Participants 

 Condition Novice Expert 
Mean SD Mean SD 

1. Parallel stepping 2.8 0.75 3.7 0.96 
2. Rotation 4.0 0.90 6.1 2.02 
3. 2-person oblique pull up bed 1.9 0.75 3.0 1.57 
4. Single person pull up bed 2.8 1.16 2.7 0.68 
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A repeated measures ANOVA for novice carers showed Borg scores significantly 
differed between the conditions (F(1.94,17.43)= 10.47, p<.05). Post hoc tests using 
the Bonferroni correction revealed significant difference between conditions 2 and 3 
(p=.002) and also conditions 3 and 4 (p=.004). Therefore, perceived force for 
condition 3 was easier than conditions 2 and 4, but not condition 1. For the experts, 
the ANOVA determined the scores again significantly differed statistically between 
conditions (F(3,30)= 14.65, p<.05). Post hoc tests using the Bonferroni correction 
revealed significant difference between conditions 2 and all of the other conditions 
(1:p=.016, 3:p=.013, 4:p=.003). However, there was no significant difference between 
the other conditions. The perception of the rotation task showed it as much worse.  
Looking at the both groups together it can be seen that condition 2 scored the highest 
for both (4.0 and 6.1 respectively). This would suggest all participants felt they put 
more effort into this transfer. Alternatively, it could suggest novices felt condition 3 
was the easiest whereas experts preferred condition 4.  

Table 2. Subjective Response for All Four Conditions For Novice Participants 

Condition Comfort Safety 
Mean SD Mean SD 

1. Parallel stepping 3.6 1.08 3.7 0.95 
2. Rotation 2.1 0.57 2.5 0.71 
3. 2-person oblique pull up bed 4.3 0.95 4.1 0.99 
4. Single person pull up bed 3.5 0.97 3.8 0.79 
Table 3 shows that novice participants felt condition 3 was the most comfortable (4.3) 
and safest (4.1), whereas condition 2 was the least comfortable (2.1) and least safe 
(2.5).   
Table 3. Subjective Response Of The Four Conditions For Expert Participants 

Condition Comfort Safety Individual 
acceptance 

Organisational ac-
ceptance 

Mean SD Mean SD Mean SD Mean SD 
1. Parallel stepping 2.8 0.98 3.1 0.83 2.5 1.21 3.2 1.34 
2. Rotation 1.7 0.91 1.7 0.91 1.5 0.69 2.9 1.70 

3. 2-person oblique pull up bed 3.6 0.93 3.6 0.92 3.2 1.08 2.9 0.94 
4. Single person pull up bed 3.8 0.54 4.1 0.54 3.4 0.92 3.4 1.03 

For the expert participants it was found that condition 4 not only scored the highest in 
terms of comfort (3.8) and safety (4.1), but also when considering individual (3.4) and 
organisational acceptance (3.4). However, resembling the novice participants, 
condition 2 also scored the worst across the different aspects. The Spearman’s Rho 
test (Table 4) was repeated for the expert participants, for all conditions, to find the 
relationship between comfort, safety, personal and organisational acceptance. Similar 
to the novice participant, there was very strong positive correlation between comfort 
and safety. Personal acceptance was also found to have strong positive correlation 
with comfort, safety and organisational acceptance. With moderate positive 
correlation being found between organisational acceptance and comfort and safety.  
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Table 4. Result Of The Spearman’s Rho Test For Expert Participants 
 Comfort Safety Individual Organisational 

Comfort Correlation Coefficient 1.000 .950** .755** .499** 
Sig. (2-tailed) . .000 .000 .001 

Safety Correlation Coefficient .950** 1.000 .761** .520** 
Sig. (2-tailed) .000 . .000 .000 

Individual Correlation Coefficient .755** .761** 1.000 .637** 
Sig. (2-tailed) .000 .000 . .000 

Organisational Correlation Coefficient .499** .520** .637** 1.000 
Sig. (2-tailed) .001 .000 .000 . 

4.2 Force Data 

The force data was investigated as; total load per transfer, individual load and 
individual hands. Although the peak force would be the major cause of injury, it was 
not used in the analysis as, for all transfers, this force was far away from the 1.8kN 
limit value set out in ISO 11228-2 (2007) and reported in Jäger et al’s (2001) study.  

4.2.1 Total load per transfer 
Shapiro-Wilks test found normality in all conditions (p>.05). The mean average total 
load per transfer differed significantly between the four conditions (F(3,27)=24.63, 
p<.05). Post hoc tests using the Bonferroni correction revealed significant differences 
between condition 1 and 3 (p=.001) and 4 (p=.001). Also between condition 2 and 3 
(p=.002) and 4 (p=.003). However there was no significant difference between 
condition 1 and 2 (p=.487) and also condition 3 and 4 (p=1.000). Therefore conditions 
3 and 4 were similar, but significantly lower in the total amount of force exerted per 
transfer than conditions 1 and 2, which were also similar. Thus suggesting it is easier 
to carry out transfers from the top of the bed as opposed to at the side of the bed.  

Table 5. Mean average Total Load Per Transfer 

Condition Novice Expert Combined 
Mean SD Mean SD Mean SD 

1. Parallel stepping 184.5 19.2 127.1 26.4 155.8 37.3 
2. Rotation 219.0 70.5 164.4 52.4 191.7 65.2 
3. 2-person oblique pull up bed 84.5 18.6 79.3 5.7 81.9 13.2 
4. Single person pull up bed 78.6 21.9 68.0 13.0 73.0 20.9 
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An Independent Samples T-test (Table 6) was conducted to compare novice and 
expert participants in terms of total load per transfer for each condition. It was found 
that the total load per transfer for condition 1 was significantly different for novice 
and expert participants (p<.05). For the other conditions there proved to be no 
difference between novice and experts (p>.05). This suggests that novice participants 
exert more force per transfer than experts for all of the conditions.  

Table 6. Independent Samples T-test For Novice Vs. Experts For Total Load Per Transfer 

Condition t df Sig.(2-tailed) 

1. Parallel stepping 3.929 8 .004 
2. Rotation 1.388 8 .202 
3. 2-person oblique pull up bed .594 8 .569 
4. Single person pull up bed 1.362 19 .189 

4.2.2. Individual load per transfer 
Shapiro-Wilks test showed normal distribution (n=21, p>.05). A repeated measures 
ANOVA showed the mean average individual force differed significantly between the 
conditions (F(2.21,44.21)= 27.26, p<.05). Post hoc tests revealed significant 
differences between condition 3 and the other conditions (1:p=.000, 2:p=.000, 
4:p=.000) and condition 2 and 4 (p=.047). The two person oblique was significantly 
lower in force exerted, with the same being said for condition 4 and 2.  An 
Independent-Samples T-test compared the individual forces between novice and 
expert participants. For condition 1, though Levene’s test was violated (F=5.49, 
p=.03), there proved to be a significant difference in force for novice and expert 
participants (p=.001). Although all of these calculations suggest novice participants 
exert more force during each condition than their expert counterparts, only conditions 
1 and 2 alter significantly.  
Table 7. Mean Average Individual Load 

Condition Novice Expert Combined 
Mean SD Mean SD Mean SD 

1. Parallel stepping 92.3 12.3 61.8 21.7 76.3 23.4 
2. Rotation 109.5 35.9 80.5 27.5 94.3 34.3 
3. 2-person oblique pull up bed 42.3 10.8 38.3 6.1 40.2 8.7 
4. Single person pull up bed 78.6 21.9 68.0 13.0 73.0 18.2 
 
Table 8. Results From Independent Samples T-test For Novice Vs. Experts For Individual 
Force Per Transfer 

Condition t df 
Sig. 

(2-tailed) 
1. Parallel stepping 4.011 16.135 .001 
2. Rotation 2.091 19 .050 
3. 2-person oblique pull up bed 1.054 19 .305 
4. Single person pull up bed 1.362 19 .189 
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4.2.3. Individual hand load 
For the individual hand load data, a Wilcoxon Signed-Rank test was used to compare 
the hand force data. The results indicated that for conditions 1 (Z=-2.03, p=.042) and 
2 (Z=-2.2, p=.028) the left hand scores were, statistically higher than the right hand 
scores. However for condition 3 (Z=-2.0, p=.046), right hand scores were, statistically 
higher than the left hand scores.  

To compare novice and expert participants a Mann-Whitney U test showed that for 
the left hand in condition 1 the force exerted by the novice participants was 
significantly greater than that of the expert participants (U=8, p=.001). However for 
all of the other sets of data, there was no statistically significant difference between 
novice and expert participants (p>.05). This suggests the level of experience does not 
have an effect on reducing the force exerted when considering each hand individually.  

The same process was completed to compare the hand up vs. down the bed for 
conditions 1 and 2. The ANOVA determined that the force exerted significantly 
differed statistically between conditions (F(1,20)=6.97, p<.05).  However there was 
no statistically significant difference between the force exerted and hand positions 
(F(1,20)=.128, p=.724), as well as no significant interaction between the condition 
and hand position (F(1,20)=.186, p=.671). 

A Paired Samples T-test was conducted to compare hand positions the force exerted 
for up vs. down the bed. This analysis suggested that the location of the hand in 
relation to the bed does not have an impact on the amount of force exerted during the 
transfer, even though in these conditions the force exerted by the bottom hand was 
slightly greater than that exerted by the hand up the bed. 

4 Discussion 

The rotation movement was clearly perceived to be the transfer that required the 
greatest amount of force to be exerted. It was also understood to be the least comfort-
able and safe, which was due to the fact that it caused the participant to twist their 
body. These findings are backed up by various regulations and guidelines which state 
the dangers of twisting the body when handling a load/ patient. There was a very 
strong correlation between comfort and safety. Meaning the more comfortable the 
participant felt completing the transfer, the safer they felt the transfer was. With pa-
tients feeling safer and more comfortable if the transfer used a safe technique accord-
ing to a work technique score. The expert participants recorded a positive correlation 
between individual and organisational acceptance, however further research would 
have to be conducted to explore the cause of this correlation.  

 
 There was a large variation in the recorded data, which was due to individual 

differences between participants. Other similar studies quantifying the force of patient 
handling tasks have similarly reported variations and inconsistencies due to the natu-
ral form of humans. Even with these differences there was differences between each 
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condition and the novice and expert participants. Physically there were interesting 
findings between the conditions: when comparing the total load per transfer the trans-
fers with the participants at the head of the bed showed lower forces; similarly for 
individual load per transfer it was found that condition 3 was lower than the other 
conditions.  This suggests that less force is needed in transfers where the patient is 
pulled towards the carer. This statement is backed up by the findings of McGill and 
Kavcic (2005); unsurprisingly, the use of two carers reduced the force needed to 
complete the transfer per individual. 

 
The results from individual hands were less convincing.  When looking at individ-

ual hand loads and comparing the force exerted by the left and right hands, there were 
some differences between the different positions. The data suggested that when par-
ticipants are at the side of the bed they exerted more force using the left hand/ arm 
when compared to the right hand/ arm. However, when at the top of the bed the right 
hand/ arm, was more dominant.  This could suggest that for ‘pulling’ transfers the 
dominant hand contributes more, however more research would have to be conducted 
to confirm this.  

 
4.1 Concluding Remarks 

It was found that novice participants exerted more force during the transfer than 
their expert counterparts, however only some of these factors proved to be significant. 
This suggests that the level of experience and training could be related to the amount 
of muscle activity used in the transfer (Keir and McDonell, 2004). Nevertheless, as 
only some were significant it suggests training does not influence force exertion re-
sulting in musculoskeletal problems (Johnsson et al., 2002).From the results it was 
found that, although none of the conditions posed an immediate threat to the carers 
wellbeing, there was a statistically significant reduction in the amount of force exerted 
for the two conditions at the head of the bed when compared to the two at the side. In 
particular the rotation task was significantly harder and perceived as such by the par-
ticipants and should be avoided in transfers tasks. When taking these results into the 
healthcare environment, it would suggest that, where possible, carers partake in trans-
fer from the head of the bed, using their own weight as an aid to pull the patient up 
the bed. Doing so would help reduce the risk of developing musculoskeletal injuries. 
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