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● As one of the most significant concerns among the aging population, falls are 
always followed by serious medical consequences and health complications. 

● Fall risk assessment is one of the common methods applied in fall prevention 
programs in hospitals. To quantitatively assess fall risks, gait analysis is widely 
used and has been treated as a gold standard. However, for patients and the elderly 
who have mobility issues, it is difficult to conduct gait analysis to assess their fall 
risks. 

● Staying in bed in their rooms in hospitals or senior communities is a daily activity 
and easy for the aging population. It is a useful solution to assess fall risks through 
movements on the bed, if possible.

● The pilot study is aimed to determine the relationship between on-bed movements 
and gait performance.

● From the initial results of our pilot study, we found the strong correlation (-0.95 
and -0.77) between transition time of performing on-bed movements (T_bed) and 
two gait parameters - Functional Ambulation Performance Score (FAPS) [1] and 
Gait Variability Index (GVI) [2].

● Due to the limitations of our tested human subjects (10 people with age of 37.8 ± 
15.7 years old), we got unbalanced results as 1 subject with significant high fall 
risk while other 9 subjects with relative low fall risks. In our future plan, the more 
balance will be achieved by recruiting more senior citizens (age ≥ 65) and diverse 
population.  

This research was supported in part by NSF-1915398, and a grant from Hillrom.

Materials and Methods

● In our experiments, we apply a testing platform which includes a 16’ GaitRite® 
Walkway system and a Hill-Rom Centrella® Smart+ bed.

● The walkway integrates pressure sensor grids to help capture the gait parameters 
during walking, e.g. stance time, step length, step velocity, etc. Those gait 
parameters will be used to calculate the FAPS based on Equation (1), and calculate 
the GVI based on Equation (2) and (3). 

Fig. 1 Testing platform (GaitRite® walkway & Hill-Rom Centrella® Smart+ bed)
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● Both FAPS and GVI are widely accepted and developed to quantify gait 
performance. FAPS focuses on functional aspects of gait and represents a 
quantification of patients’ gait based on a selection of mean spatiotemporal gait 
parameters obtained at a self-selected speed. GVI is developed for the objective 
quantification of gait variability. 

● The smart bed has embedded 4 load cells to help monitor the pressure changes on 
bed. It is used to detect the movements of subjects on bed. 

● On-bed movements are a set of movements that the subject performs on the bed. 
The movements are developed based on the common positions of patients on beds 
in hospitals. 

● The common on-bed positions include: sitting, supine, prone, lateral, sims, 
Fowler’s, and semi-Fowler’s positions. The common on-bed activities include: roll 
in the bed with different positions, lifting one leg, bridging, and exiting the bed.

● The output of load cells under bed will be applied to calculate the transition time of 
movements on bed, T_bed. 
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Fig. 2 The output of load cells during the subject moving from 
supine position to left lateral position

● As shown in Figure 2, when the subject keeps still, the load cells have nearly no 
responses; when the subject moves from one position to another, the load cells 
have significant responses.

● Figure 3 shows the load sensor data during the subject performs the following 
movements in series: rolling in bed; lifting legs; bridging; exiting bed in 
normal/semi-Flower’s/Fowler’s positions. 

● The comparison of T_bed, FAPS, and GVI of all 10 tested human subjects has 
been represented in Figure 4, as well as their corresponding correlation 
coefficients. The correlation between T_bed and FAPS, T_bed and GVI are -0.95 
and -0.77, respectively. 

Fig. 3 The load sensor data during the subject performing on-bed movements.

Fig. 4. Results of T_bed, FAPS, and GVI (L: comparison; R: correlation matrix).
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Conclusion

● From the initial results, how one performs on-bed movements is highly correlated 
to how one walks.

● Based on the high correlation coefficients, it is promising to study on-bed 
movements as an alternative way to quantify gait performance and even fall risks. 

● Due to the limitation of recruited participants, we need further study and evidence 
to support our conclusion.


