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Title 1 

Sit to stand activity during stroke rehabilitation 2 

 3 

Abstract  4 

Objectives 5 

The sit to stand (STS) movement is key to independence and commonly affected by stroke. 6 

Repetitive practice is likely to improve STS ability during rehabilitation, however current 7 

practice levels are unknown. The objective of this study was simply to count the number of 8 

STS movements performed during the rehabilitation period of stroke patients using a 9 

physical activity monitor (PAM) and test whether being observed altered outcome. 10 

Methods 11 

Participants were medically stable patients referred for rehabilitation following stroke. 12 

Participants were randomly allocated to either wear or not wear the PAM for 14 days. STS 13 

ability and general mobility were recorded before and after.  14 

Results 15 

61 patients was recruited; aged 68.4± 13.15 years, weight 77.12±22.73Kg, Height 16 

1.67±0.1m, within 9±9 days of their stroke and an NIHSS score of 6.4±3.3. The monitored 17 

group (n=38) performed  25.00 ± 17.24 daily STS movements. Those requiring assistance 18 

achieved 14.29 ± 16.10 per day while those independent in the movement achieved 34.10 ± 19 

12.44. There was an overall improvement in mobility (p=0.002) but not STS performance 20 
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(p=0.053) neither outcome was affected by group allocation (p=0.158). Cognition and 21 

mobility at baseline explained around 50% of daily STS variability.  22 

Discussion  23 

Low levels of STS activity recorded during rehabilitation questions whether a training effect 24 

is achievable. The mean daily STS activity is lower than reports for frail older people 25 

receiving rehabilitation, and substantially below levels for community living older adults. STS 26 

repetitions may represent general physical activity and these low levels support previous 27 

reports of sedentary behaviour during rehabilitation. 28 

 29 
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Introduction 40 

Standing up from a chair, toilet or bed (sit to stand [STS]) is a frequently performed 41 

everyday movement (1) that is key to independent living (2) but one of the most physically 42 

demanding (3). The capacity to perform this movement safely and independently can be 43 

affected by a range of impairments such as muscle weakness (4) impaired balance and 44 

sensation (5) as well as psychological factors such as anxiety(5). Stroke affects more than 1 45 

million people in the UK (6) with the majority affected by impairments that compromise the 46 

STS movement as well as other functional movements(7). 47 

Recovering independence in functional tasks is the broad aim of rehabilitation strategies 48 

with interventions typically structured around the repetitive practice of functional 49 

movement with guidance, motivation, feedback and assistance provided by rehabilitation 50 

professionals and carers (8, 9). The number of daily STS movements and ability (rising 51 

speed) are known to improve during the first 3 months after stroke but with great variance 52 

(e.g. a 91.8% coefficient of variance (CV) for STS repetitions)(10).  There is evidence that 53 

increased practice improves recovery of functional movements generally (11, 12) and even 54 

modest increases in daily STS practice (~four additional daily repetitions) have produced 55 

beneficial effects over standard care for achieving movement independence in acute stroke 56 

patients (13).  57 

Setting realistic targets for daily STS movements, for clinical practice and clinical trials, is 58 

predicated on knowing current levels. Evidence from acute stroke populations is limited 59 

with studies collecting data over very short periods, for example a single 8hour period (10) 60 

or using measurement systems that depend on human observation, for example asking staff 61 

and family members to press a counting device each time they observe a movement (13).  62 
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Achieving high levels of practice, by necessity, means practicing the movement outside of 63 

the structured therapy sessions. Practice in everyday environments is also likely to improve 64 

ability through greater variation in practice parameters (e.g. seat height, armrests and 65 

different floor surfaces) (14) and may well result in greater independence than if practice 66 

only occurs under controlled, supervised conditions. There is, therefore, a need to collect 67 

objective activity data over an extended period during rehabilitation to account for variation 68 

between and within days and to capture both formal practice during therapy sessions and 69 

“informal” everyday movements including those performed at home, if discharged.  70 

Accelerometers are now well-established tools to measure physical activity, including the 71 

STS movement.  These physical activity monitors (PAM) can automatically categorise 72 

postures (lying, sitting, standing) and movements (walking, STS and stand to sit) over long 73 

time periods and do not require patient interaction (15). They therefore seem an ideal tool 74 

to assist with observational and interventional studies where STS activity is the intervention 75 

or outcome, however, the possibility exists that knowledge of being measured may 76 

influence activity, a phenomenon known as reactivity or the Hawthorne effect (16). 77 

The study, therefore, had three objectives. Firstly, to count the total number of daily STS 78 

movements performed by stroke patients during their active rehabilitation period. Secondly, 79 

to test the possibility that wearing a PAM affects outcome. Finally, to explore relationships 80 

between the number of daily STS movements and potential explanatory factors such as change in 81 

function (including STS ability), cognition and weight. 82 

Methods 83 

Design 84 
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This was a randomised study (PAM or no PAM) measuring STS activity in acute stroke 85 

patients actively engaged in ward-based rehabilitation at the time of recruitment. The study 86 

was approved by the West of Scotland Research Ethics committee (14/WS/0097). 87 

Participants 88 

Participants were recruited from the stroke unit of two hospitals within the same health 89 

board area. Participants with a clinical diagnosis of stroke, between 3 and 42 days’ post 90 

ictus, aged over 18 and medically stable enough to begin active rehabilitation were 91 

approached to participate. Rehabilitation consisted of daily physiotherapy and occupational 92 

therapy that followed practice guidelines (9). Patients with the following criteria were 93 

excluded; 1) coexisting physical impairments (in addition to stroke related impairments) 94 

which prevent the practice of STS e.g. bilateral lower limb amputee or substantial loss of 95 

joint range due to arthritis, 2) patients not expected to survive past the study duration, 3) 96 

active medical conditions that may limit prescribed mobility e.g. unstable angina, 4) active 97 

dermatological problems that may preclude use of adhesive monitors e.g. severe psoriasis 98 

and 5) inability to provide informed consent. 99 

Assessments 100 

Following informed consent and before randomisation a trained clinical trials nurse carried 101 

out the following primary outcome measures; 1) Modified Rivermead Mobility Index 102 

(MRMI) (17) and 2) the sit to stand time (FTSTS) (18).  103 

Additional assessments of cognition (The Montreal Cognitive Assessment (MoCA) (19)) and 104 

delirium, (Confusion Assessment Method (CAM)(20)) were carried out as potential 105 

explanatory variables for STS activity. For the same reason the following information was 106 



6 
 

recorded from the medical notes 1) weight, 2) height, 3) type and anatomical location of 107 

stroke, 4) hemiplegic side, 5) STS independence (required assistance from one or more 108 

persons = dependent, able to carry out on own with/without aids), 6) date of stroke and 7) 109 

severity of stroke using the National Institutes of Health Stroke Scale (NIHSS)(21).  110 

Participants were then randomly allocated to wear or not wear a physical activity monitor 111 

(PAM) by an independent researcher opening an opaque envelope containing a pre-112 

allocated group allocation code. Randomisation was weighted 2:1 in favour of the PAM to 113 

generate a large enough sample for objective 1. The PAM is a small, (45 mm, 25 mm, 5 mm) 114 

lightweight (<15 g) tri-axial accelerometer (activPAL3, PAL Technologies Ltd, Glasgow, UK) 115 

attached to the anterior aspect of the participant’s thigh, the unaffected side was chosen to 116 

avoid issues with sensory loss, using Tegaderm™ (3 M, Neuss, Germany), see figure 1. The 117 

PAM has been extensively validated in a range of populations including stroke (22, 23) with 118 

a 100% agreement for STS movement count when compared with direct observation in 119 

unimpaired (15) and impaired samples, including stroke (23). Locating the monitor on the 120 

anterior thigh allows a proprietal algorithm to differentiate between standing and sitting 121 

using the orientation of the thigh with respect to the gravitational vector, this would be 122 

problematic for other sensor locations (e.g. hip or wrist) (24). After fourteen days of 123 

continuous wear, the clinical trials nurse removed the monitor and the two primary 124 

outcome measures were repeated. 125 

Sit to stand time  126 

The five times sit to stand test (FTSTST) (18) is an established clinical tool that simply records 127 

the time to complete five STS movements with a hand held stopwatch. The test excludes 128 

participants unable to do less than five repetitions, therefore to enable participation from a 129 
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wider ability group we decided to time each attempt using the lap timer function of a 130 

stopwatch. This adaptation allowed us to include participants from a broader range of 131 

physical abilities. The data used for analysis was therefore the mean STS time i.e. the 132 

summed time of N repetitions (up to 5) divided by N and not the overall FTSTST result.  133 

Figure 1: Physical Activity Monitor (PAM) attached to the thigh with water resistant material  134 

 135 

Data analysis 136 

To address objective 1 the mean (±2 SD) number of daily (24 hours) STS movements was 137 

calculated for the whole PAM group (n=38) and two sub groups based on their need for 138 

assistance at baseline. These were an independent group (n=18) able to perform the 139 

movement on their own, (i.e. scoring 4 or 5 on the STS item of the MRMI) and an assistance 140 

group (n=20) who required the supervision or assistance of at least one other person to 141 

perform the movement (i.e. scoring 3 or less on the MRMI STS item).The first and final days 142 

were excluded from analysis to ensure whole 24 hour periods were used and to avoid days 143 

influenced by the assessment procedure. Statistical differences between the two sub groups 144 

for number of daily STS movements was tested with an independent t-test.  145 
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To address objective 2 the primary outcome measures (MRMI and the STS time) were 146 

described for the whole group and the PAM/no PAM groups using mean and SD. A two 147 

factor ANOVA was used to test for statistical differences between the two groups and 148 

between the time points (day 1 and day 14).  149 

To address objective 3 relationships between daily STS activity and the clinical measures of 150 

mobility (MRMI and STS time) were explored using correlations (Pearson correlation 151 

coefficient) and analysis of variance. Finally a multivariate regression analysis (backward 152 

elimination) was conducted using the candidate factors of age, weight, severity (NIHSS 153 

score), cognition (MOCA) and mobility at baseline (MRMI). 154 

Results  155 

Sixty-one participants were recruited across two stroke units, 40 were randomised to wear 156 

the PAM. Physical activity data were not available from two participants in the PAM group 157 

due to the sensor being lost (n=1) and damaged (n=1). A mean of 279.19 hours (SD 58.67) of 158 

physical activity monitoring out of a target of 336 hours (i.e. 14 days) was recorded from the 159 

PAM group. Appointment time scheduling and the sensors becoming detached before the 160 

14 days had elapsed explains the difference.  Of the 38 participants with completed the 161 

physical activity monitoring 29 remained in hospital for the whole observation period and 162 

nine were monitored for an average of 5.4 ± 3.16 days in hospital and 7.8 ± 3.45 days in the 163 

community. There were no differences in daily STS movement between hospital (40.58 ± 164 

13.9) and community (39.78 ± 12.52) observational periods. Four participants from the no 165 

PAM group were not assessed at outcome due to withdrawal from the study. Details of the 166 

participants are provided in table 1.  167 
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Table 1: Participant demographic details  168 

 Age (years) Body Mass 
index (Kg/m2)  

Time since 
stroke (days) 

Sex 

Whole group (n=61) 68.41 (13.15)  27.69 (8.44) 9.03 (8.98)  M = 36 

PAM group (n=40)  66.89 (13.40)  28.42 (9.93) 8.74 (7.53)  M = 23 

No PAM group (n=21)  71.50 (12.58)  26.81 (5.51) 9.33 (11.47) M = 12 

 169 

Objective 1: Daily STS movement movements 170 

Mean (SD) daily STS movements for the whole PAM group and the two sub-groups 171 

(independent and assistance) are presented for the whole data collection period along with 172 

the second and penultimate recording days, see table 2. 173 

Table 2: Mean (SD) daily STS movements for PAM group separated by baseline STS ability  174 

 Daily STS movements 
Whole period 

Daily STS movements 
Day 2 

Daily STS movements 
Penultimate day 

Whole group (n=38) 25.00 (17.24) 26.33 (23.18) 26.27 (18.60) 

Independent (n=18) 34.10 (12.44) 37.94  (23.37) 35.56  (12.89) 

Assistance (n=20) 14.29 (16.10) 12.40 (13.54) 15.13 (18.57) 

 175 

There was a statistically significant difference in daily STS movements between the two 176 

ability sub-groups (T = 4.13, P = 0.000) with the independent participants performing an 177 

average of 20 more daily STS movements. Daily STS movements stayed largely the same 178 

between the second and penultimate days, irrespective of ability group. 179 

Objective 2: Differences between the PAM and no PAM groups 180 

The two factor (group allocation and time) analysis of variance showed no statistically 181 

significant effect of group allocation on either of the primary outcome measures, MRMI 182 

(F=0.02, P=0.89) and STS time (F=0.57, P=0.45), however there was an effect of time on 183 
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MRMI (F=9.95, P=0.002) but not on STS time (F=3.84, P=0.053). There was no interaction 184 

effect (F=0.43, P=0.52) for either MRMI or STS time, see table 3 for details of the primary 185 

outcome measures and additional clinical data for whole group and divided into the PAM 186 

and no PAM groups. 187 

Table 3: Mobility and stroke related data at baseline (day 1) and end of study (day 14) 188 

 NIHSS Stroke 
type 

Hemi 
side 

MoCA  
(n=58) 

MRMI 
(day1) 

MRMI 
(day14) 

STS time 
(s)  
(day1)  

STS time 
(s)  
(day14)  

Whole 
group 
(N=61) 

6.41 
(3.25) 

I = 51 L= 31 18.48 
(8.82)  

19.85 
(10.79)  

26.70* 
(11.90)  

5.42 
(3.90) 

4.07 
(2.89)  

PAM 
group 
(n=40)  

6.79 
(3.47)  

I=32 L=19 
 

16.44 
(9.48)  

19.82 
(10.54) 

26.63 
(12.26) 

5.11 
(3.37)  

4.16 
(3.22)  

No PAM 
group 
(n=21)  

5.68 
(2.84) 

I=19 L=11 
 

21.90 
(6.67)  

19.50 
(11.51)  

26.52 
(11.80) 

6.16 
(4.84)  

3.96 
(2.52)  

 189 

Objective 3: Relationships between daily STS movements and clinical measures 190 

There was a modest positive correlation between mean daily STS movements and change in 191 

MRMI (Pearson’s correlation coefficient = 0.373, p= 0.03, see figure 1), but not between 192 

mean daily STS movements and change in STS time (r=-0.132). 193 

The multi variate regression analysis using factors; age, weight, NIHSS, mobility (MRMI) and 194 

cognition (MoCa) resulted in a regression equation that included cognition (MOCA, T=2.27, 195 

p= 0.030) and mobility (MRMI, T=4.19, P< 0.000) which explained 54.14% (r-square) (or 196 

49.39% (adjusted r-square)) of the variance in the mean daily STS movements.  Age, weight 197 

and NIHSS were discounted at subsequent steps. 198 
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Figure 2: Scatterplot of change in MRMI and mean number of STS movements  199 

 200 

Discussion 201 

This was an observational study of stroke patient’s STS activity during a 14-day period of 202 

rehabilitation with randomisation of participant observation. A low number of daily STS 203 

movements was found for acute stroke survivors during their rehabilitation period. The 204 

mean for the whole group (25, SD 17.24) is lower than reports for frail older people 205 

receiving rehabilitation, (36±16)(25) and substantially below values recorded by community 206 

living older adults (71±25) (25), which could be considered a real world target for 207 

rehabilitation. The sub group of individuals independent in the movement, fared better,  208 

carrying out more daily movements (34.10, SD 12.44), with values approaching levels 209 

reported previously for chronic stroke survivors using the same PAM (41.2, SD 18.1) (26). 210 

The lack of difference in daily STS movements between the beginning and end of the 211 
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observed period does suggests little impact from rehabilitation, although a larger study 212 

would be needed to confirm this.  213 

Barreca et al. (13) calculated that a cut off between 11 and 13.5 daily STS movements 214 

predicted which stroke patients would move from being dependent in STS to being 215 

independent. This value is substantially lower than our findings, perhaps reflecting the 216 

different data collection methods, with Barreca relying on intermittent periods of human 217 

observation. In our study four participants (PAM group) changed from requiring assistance 218 

to being independent, they achieved 31.4 (SD 27.7) daily STS movements, perhaps this is a 219 

more valid target for patients than offered by Barreca et al. since it represents objective 220 

data collected continuously over a number of days. 221 

 Sit to stand activity may be considered a proxy measure of overall physical activity since it 222 

implies an individual is breaking up periods of sedentary behaviour (lying and sitting) 223 

considered a risk factor for future health problems (27). Achieving only 34.10 (SD 12.44) 224 

daily movements suggests the observed group was sedentary (sitting or lying), and the 225 

group requiring assistance with the movement were particularly sedentary with only (14.29, 226 

SD 16.10) recorded STS movements per 24 hours, this supports previous findings little 227 

physical activity during the rehabilitation period (28).  228 

 229 

Our finding that baseline measures of cognition and mobility predict future STS activity is 230 

consistent with previous work (29, 30), however, other factors such as sensory loss and fear 231 

of falling are likely to be important and should be included in future studies.  232 

 233 
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Using a body worn PAM is a convenient way of recording STS movements without the 234 

potential external influence of direct visual observation, however it carries the potential of 235 

error through event misidentification. Although this specific PAM (ActivPAL, 236 

PALtechnologies, Glasgow, UK) has been shown to be very accurate (100% agreement with 237 

direct observation) for counting STS movements in stroke populations (23) the data should, 238 

nevertheless, be considered with a degree of uncertainty. 239 

This observational study was designed with the intention of informing future intervention 240 

studies and as such has limited general validity due to the moderate sample size and 241 

inability to test causal relationships between STS practice and STS ability due to the design. 242 

Nevertheless, the study provides values for STS activity during rehabilitation that may be 243 

useful for clinicians and planning rehabilitation research. 244 

 245 

Conclusion   246 

Using a physical activity monitor placed on the thigh of stroke patients for 14 days during 247 

their rehabilitation period, we were able to count the number of daily STS movements 248 

(25.00, SD 17.24), which was approximately 65% less than normally achieved by community 249 

living older adults. Compared to a control group the use of a monitor to record STS activity 250 

did not appear to influence outcomes.  This information, along with the identification of the 251 

explanatory factors (baseline cognition and mobility) can inform rehabilitation protocols and 252 

clinical trials. 253 

 254 

 255 

 256 

 257 
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