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ABSTRACT 

 

 

OBJECTIVES: To measure the step-count accuracy of an ankle-worn accelerometer, a 

thigh-worn accelerometer and one pedometer in older and frail inpatients. 

 

DESIGN: Cross-sectional design study. 

 

SETTING: Research room within a hospital. 

 

PARTICIPANTS: Convenience sample of inpatients aged ≥65 years, able to walk 20 metres 

unassisted, with or without a walking-aid. 

 

INTERVENTION: Patients completed a 40-minute programme of predetermined tasks 

while wearing the three motion sensors simultaneously. Video-recording of the procedure 

provided the criterion measurement of step-count. 

 

MAIN OUTCOME MEASURES: Mean percentage (%) errors were calculated for all tasks, 

slow versus fast walkers, independent versus walking-aid-users, and over shorter versus 

longer distances. The Intra-class Correlation was calculated and accuracy was visually 

displayed by Bland-Altman plots. 

 

RESULTS: Thirty-two patients (78.1 ±7.8 years) completed the study. Fifteen were female 

and 17 used walking-aids. Their median speed was 0.46 m/sec (interquartile range, IQR 0.36-
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0.66).  The ankle-worn accelerometer overestimated steps (median 1% error, IQR -3 to 13). 

The other motion sensors underestimated steps (40% error (IQR -51 to -35) and 38% (IQR -

93 to -27), respectively). The ankle-worn accelerometer proved more accurate over longer 

distances (3% error, IQR 0 to 9), than shorter distances (10%, IQR -23 to 9).  

 

CONCLUSIONS: The ankle-worn accelerometer gave the most accurate step-count 

measurement and was most accurate over longer distances. Neither of the other motion 

sensors had acceptable margins of error.  

 

 

 

KEY WORDS: walking, dimensional measurement accuracy, frail elderly, in-patients 
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 ABBREVIATIONS 

 

 

ActivPAL3: AP3 

Interquartile ranges: IQR 

Intra-class correlation: ICC 

Metabolic equivalents: METS 

Metres per second: m/sec 

PA: physical activity 

Percentage: % 

Piezo® Step MV: STEP  

Stepwatch Activity Monitor: SAM 
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INTRODUCTION 

 

 

Research has established that older patients are physically inactive in hospitals 1-5 possibly 

leading to their functional decline 6-8. Knowledge of patients’ levels and patterns of physical 

activity (PA) could help healthcare professionals to prevent this decline by targeting 

particularly at-risk individuals, aiding individual therapy, and providing feedback and 

motivation to increase PA.  

 

Patients’ PA can be objectively measured through direct observation or by motion sensors4, 9, 

10. While direct observation is suitable for research, it is labour-intensive and often 

impractical in the hospital setting. Motion sensors could be a more feasible option. Motion 

sensors report PA as (1) energy expenditure, measured in metabolic equivalents (METS)11, 

(2) PA intensity, categorised into sedentary, light, moderate or vigorous12, (3) step-count13 or 

(4) time-spent-upright14. Neither METS nor intensity classification are suitable measurements 

in older or frailer patients. METS can be altered by age and acute illness by 20-25% 15 and 

older patients spend most of their time in sedentary PA 4, 9. Therefore, step-count and time-

spent-upright would appear most clinically meaningful in this group.   

 

Time-spent-upright can be accurately measured in the hospital setting 16, 17 and studies have 

shown that older inpatients spend as little as 43 minutes per day 1 to 1.2  hours per day 18 

either standing or walking.  While time-spent-upright indicates how inactive the patients are 

in hospital, it does not tell us the nature of their physical activity as it cannot differentiate 

between standing (static PA) and walking (dynamic PA).  Step-count indicates clearly 
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patients’ progress from static to dynamic PA and progression to mobility independence. 

Many older patients need to take rests during physical tasks.  Time-stamped PA outlines 

patterns of PA – whether the patients sustain more frequent and longer bouts of PA or 

whether they are able to walk a certain distance in less time, with fewer steps. Researchers 

currently suggest that this measurement (bouts of PA) is a valuable indicator of overall PA 

and health 19, 20, informing clinicians of the patient’s progress to independent functional 

activity, necessary for community-dwelling.  

 

Two important factors should be considered when choosing a suitable sensor for clinical use: 

accuracy and affordability. Many motion sensors are not sensitive to steps at speeds slower 

than 0.8 m/sec 17, 21-23. Frail older inpatients walk at an average of 0.5 m/sec 17 rendering 

these motion sensors inaccurate for use in this cohort24.  In fact, a recent review concluded 

that no motion sensor has shown accurate step-count measurement in older medical 

inpatients24. However, the authors identified the Stepwatch Activity Monitor accelerometer 

and Piezo®Step MX and the Yamax-200 (if worn at the knee) pedometers, as accurate in 

older community-dwellers who walked less than 1.0 m/sec and suggest that they should be 

further validated.  

 

While the Stepwatch Activity Monitor (SAM) has not been tested in older inpatients, its error 

in community-dwellers with chronic illnesses was found to be less than 10% 25, 26. There are a 

number of factors which may be linked to its accuracy in slow walkers. Firstly, it is a kind of 

accelerometer worn at the ankle, positioned well to detect trajectories of the foot. Secondly, it 

uses a set-up procedure to programme its sensitivity to steps which, in theory, has advantages 

for this population. And finally, it has a high sampling frequency of 128 Hz.  
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All motion sensors which measure time-stamped activity are more costly than simple 

pedometers (which count steps only). If a pedometer was found accurate in frail older 

patients, it could become a readily affordable and an easy-to-use alternative. Previously, 

Webber et al 27 found the Piezo® Step MV pedometer recorded step-count accurately in older 

community-dwellers walking at 0.8 m/sec, but found the Yamax-200 and the GT3X+ were 

inaccurate. Yet, when the Yamax-200 was worn at the knee (rather that at the hip), Vanroy et 

al28 found it accurate in stroke community-dwellers walking at 0.5 m/sec 28.  Nonetheless, we 

chose to test the Piezo® Step MV over the Yamax-200 for two reasons. Firstly, Vanroy et al28 

stated that it was well tolerated by the participants, but as inpatients spend long periods of the 

day sitting down, a strap holding the pedometer firmly at the knee could become 

uncomfortable and possibly compromise circulation of the lower limb. Secondly, Yamax-200 

is a mechanical pendulum pedometer, and Piezo® Step MV is a pedometer with a 

piezoelectric internal mechanism which thought to be more accurate 27. We therefore decided 

to measure the accuracy of the Piezo® Step MV.  

 

Time-spent-upright is a useful measurement of PA in older medical inpatients, which the 

ActivPAL can measure accurately. However, it has failed to measure step-count accurately 

either in frail older patients 17 or older community-dwellers 21. The ActivPAL 3 (AP3), a new 

triaxial version of the ActivPAL accelerometer has not been tested in this population, and its 

potential accuracy in measuring both parameters merits its inclusion in the study. 

 

Therefore, the aim of this study was to measure the step-count accuracy of three motion 

sensors (SAM, ActivPAL3 and Piezo® Step MV (STEP)) in old, frail inpatients and explore 
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how their accuracy is affected by (1) walking distances, (2) walking speed, (3) use of walking 

aids, and (4) specific to the SAM only, its set-up procedure.  
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METHODS 

 

 

Participants 

 

This prospective cross-sectional design study was conducted in a 350-bedded teaching 

hospital between January and June 2014 and took place in a clinical research room, similar to 

a single bedroom on a ward. Ethical approval was granted by the local Research Ethics 

Committee [EMC 3 ffff 03/12/13].  

 

A convenience sample of 32 inpatients, aged 65 years and over, not requiring surgical 

intervention, who were able to walk approximately 15-20 metres independently with/without 

a walking aid, and able to follow simple commands in English, participated in the study. This 

number was deemed feasible and in line with previous studies 17, 21, 28. Patients with or 

without a walking aid were purposively recruited to compare accuracy between these groups. 

The nursing staff was initially consulted to identify patients who fitted the criteria and only 

those patients were approached. If the patient appeared confused during the initial interview, 

the nursing staff was again consulted before proceeding with recruitment.  

 

Equipment 

 

The three motion sensors tested were the SAM (Orthocare Innovations, LLC, OK, 7.5cm x 

5cm x 0.2cm, 38g), the AP3, a triaxial accelerometer, (Pal Technologies Ltd, Glasgow, UK, 

3.5cm x 5.3cm x 0.7cm, 15g), and the Piezo® Step MV (STEP), a piezoelectric pedometer 



Step Count Accuracy for Older Medical Patients  

 
 
 

9 
 
 
 

(StepsCount, Deep River, ON, 5.6cm x 3.2cm x 1cm, 20g). Video recordings using a Sony 

Handycam DCR-HC35 provided the gold-standard step-count measurement as it would 

provide the least biased measurement and is commonly used gold-standard measurement in 

previous studies17, 23, 28.  

 

Procedure and Baseline Measurements (See Figure 1) 

 

The procedure was fully explained to all participants, who all gave written informed consent. 

Baseline data included patients’ demographics, home environment and family/carer support. 

Comorbidity and chronic illness burden was measured using the Cumulative Illness Rating 

Scale-Geriatrics (CIRS-G) 30, and a higher score reflects greater impairment in several 

systems. The SHARE FI 31 was used to determine the patient’s frailty category (frail, pre-frail 

or not frail). Fear of falling was measured using the Falls Efficacy Scale-International 32 and a 

higher score reflects a greater concern about falling. A cut-off of above 19 points indicates a 

moderate to high concern about falling33. Physical Performance was measured using the 

Short Physical Performance Battery (SPPB) 34. This quick, practical and safe measurement 

tool assesses patients’ balance, walking and chair-stand ability, and a higher score reflects 

better physical ability.  

 

Equipment Preparation  

 

The STEP is a pedometer, and therefore, did not require any synchronisation to the computer. 

In line with the manufacturer’s instructions, it was attached at the dominant hip, directly 

above the knee. A belt was used to attach the STEP if the patients’ clothes were loose-fitting 
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(nightdress or pyjamas). The patient then walked 20 steps, and the step-count was checked.  

The pedometer attachment was adjusted until it reached the acceptable level of accuracy of 

20±2 steps (in line with the manufacturer’s instructions). 

  

Both the AP3 and the SAM required computer synchronisation, and the SAM required 

sensitivity adjustment as part of the set-up procedure. For both, all data from the sensors was 

cleared prior to use and were synchronised to the computer. The AP3 was then ready for 

recording. It was attached to the dominant mid-thigh, in line with the manufacturer’s 

instructions.  

 

Sensitivity adjustment is a required step in the set-up procedure for the SAM. Its sensitivity is 

programmed specifically for each participant according to the manufacturers’ instructions 

before it is attached. The level of sensitivity is based on the answer selected by the user to  

four questions appearing on the screen,  relating to the participants’ height, gait pattern and 

gait cycle. For each question, the user chooses the most appropriate answer from a range of 

answers presented. For this study, the same answers were selected for all the participants, to 

represent a typical older hospitalised patient, as follows:  

 

(Question 1) “Does the client regularly participate in activities that involve short quick 

steps?” (Our answer) “No”.  

(Question 2) “Is their walking speed fast or slow? (relative to people of similar height.)” (Our 

answer) “Slow”.  

(Question 3) “What is the client’s range of walking speeds?” (Our answer) “Rarely changes”  
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(Question 4) “Describe the appearance of the client’s leg motion” (Our answer) 

“Gentle/geriatric”.  

 

The number of steps was saved in periods of 15 seconds (time interval/epoch). This is fixed 

at 15 seconds in the AP3 so it was replicated in the SAM to allow comparability. The SAM 

was attached to above the dominant lateral malleolus, in line with the manufacturers’ 

instructions. The patients then walked 20 steps and the LED light, (which only flashes for the 

first 40 steps recorded), was checked. 

 

While wearing all three motion sensors simultaneously, the participants were video-recorded 

completing a 40-minute programme of predetermined tasks. These included bed-to-chair 

transfers, activities in the standing position and six walks over distances between 2.4 and 20 

metres. The tasks were performed in the research room and the walks over 10 metres were 

completed in the corridor of the research facility. Each task began and ended in a seated 

position. Patients wore footwear and used their required walking aid. A 30-second rest 

between tasks allowed the sensors to register the break. A more detailed description of the 

tasks is provided (see Appendix A). At the end, the sensors were returned to their respective 

docking stations for data retrieval.  

 

Both the raw steps counts and summary data were downloaded. The STEP step-count for 

each task was documented manually on the data collection sheet and manually inputted once 

all the recordings had been completed. 
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To measure how the set-up procedure affected the accuracy of the SAM, a subset of 12 

patients wore two SAMs simultaneously, each with a different set-up procedure. The second 

SAM (SAM 2) was attached directly above the first (SAM 1). The set-up procedure for SAM 

2 differed as follows: (1) the information required for programming was not standardised; 

instead it was specific to each patient’s presentation (e.g., if the participant walked slowly or 

used a walking frame, we would enter “slow” for walking speed and “rarely changes” for 

ranges of speed) and (2) an accuracy trial was completed by counting the LED flashes while 

the patient took 4 sets of 12 steps and checking whether 48±2 steps count was recorded. If 

inaccurate, the sensor was reprogrammed by rechecking the programming information and if 

necessary, by adjusting “cadence” and “sensitivity” (in Advanced Settings) by two numerical 

values at a time until accurate.   

 

A step was defined as a definite foot displacement with movement of body mass into a new 

position35. Two research physiotherapists analysed the recordings separately, beginning with 

the video recordings, and resolved any disagreements by analysing them together to reach a 

consensus. The video recordings were analysed first, when the researchers were blind to the 

motion sensors’ measurements.  

 

The twenty-metre walk was used to measure walking speed. The time taken to walk between 

the two-metre and the twelve-metre points was used and converted to metres per second. 

 

Statistical Analysis 
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All continuous data was tested for normality using the Shapiro-Wilk normality test. Non-

normally distributed data are reported in medians (and interquartile ranges, IQRs) and 

normally distributed data are reported in both means (and SD) and medians (and IQRs) in the 

text. Both are also reported in Table 1 to allow comparison with other studies. The percentage 

error was calculated to determine the motion sensors’ accuracy, which was calculated as: 

(sensor count – video count)/video count multiplied by 100. A positive result indicated 

overcounting and a negative indicated undercounting. The Intra-class Correlation (ICC) was 

calculated to determine association and accuracy was visually displayed by Bland-Altman 

plots, where the differences between two measurements are plotted against the averages of 

the two measurements, allowing visual analysis of bias or trends in the measurements. Stata 

(Version 13.1) was used for data analysis. 

 

Percentage error was measured over the complete set of tasks, shorter distances (< 5 metres) 

versus longer distances (5 metres – 20 metres), independent walkers versus walking-aid 

users, for slow walkers (< 0.5 m/sec) versus fast walkers (≥ 0.5 m/sec) and between the two 

different set-up procedures. Over the complete set of tasks, correlation was measured and the 

Bland Altman plots graphically display the measurement accuracy.  

 

RESULTS 

 

 

Forty patients were approached to participate in the study. Two patients appeared confused 

on initial interview, two refused because they did not want to leave the ward and four others 

declined to participate. Thirty-two patients consented and completed the study. No adverse 
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events occurred during the recording procedure. The baseline data of the study participants 

are described in Table 1. Individual analyses of the video recordings were in agreement for 

28 patients. The remaining four patients’ recordings were analysed together and consensus 

was reached. 

 

Accuracy over the total programme of tasks 

 

The SAM generally overestimated steps (median error 1%, IQR -3 to 13) but overall, was 

more accurate than the AP3 and STEP, which underestimated steps (mean 44% (±0.3) and 

43% (±0.2) respectively; median 40% (IQR 51 - 35) and 38% (IQR 93 - 27) respectively). 

Mean and median errors for all tasks are presented in Table 2 for comparison. Similarly, the 

intra-class correlation (ICC) was excellent between the video and the SAM (ICC 0.9, 95% 

CI, 0.9 to 1.0) but poor between the video and the AP3 (ICC 0.3, 95% CI, -0.2 to 0.6), and 

the STEP (ICC 0.1, 95% CI, -0.2 to 0.4).  

 

The Bland Altman plots (Figure 2) display that, in the overall task, the SAM overestimated 

steps by an average of  10.31 steps, while the AP3 and the STEP underestimated steps by 

79.96 and 86.88 respectively. No trend is apparent in the SAM or the STEP data, while the 

difference between the video-count and the AP3-count grew larger as the step-count 

increased. The margins of error between the SAM and the video are narrower than the AP3 

and the STEP, while they are similarly wide for both the AP3 and the STEP data. When the 

percentage errors of the motion sensors were compared over the shorter and longer distances, 

they  were all found to be more accurate over the longer distances. (See Table 2 and Figure 

3).  
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Accuracy for different walking speeds 

 

The results showed that the AP3 and STEP were more accurate in patients with faster 

walking speeds and in independent walkers, while the SAM was more accurate in walking-

aid-users and in slower walkers (see Table 2).   

 

Influence of set-up procedure on accuracy (SAM only) 

 

Results from the subgroup (n=12) wearing two SAM devices simultaneously (SAM 1 at the 

dominant ankle and SAM 2 just above SAM 1; SAM 1 programmed with standardised 

sensitivity and SAM 2 with individualised sensitivity) showed that while SAM 1 

overestimated, SAM 2 underestimated step-count. However the set-up procedure for SAM 2 

yielded marginally better accuracy (SAM 1, (median error 6%, (IQR, -1 to 16%) versus SAM 

2, median error -6%, (IQR, -11 to -1%), p=0.003)). 

 

DISCUSSION 

 

 

There are three main findings from this study. First, overall the SAM gives more accurate 

step-count measurement in older and frail inpatients than the AP3 and STEP. Secondly, the 

SAM is most accurate over both long and short distances. Finally, the set-up procedure for 

the SAM motion sensor appeared to affect step-count accuracy.  
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Previous literature has shown that the SAM is accurate in slower community-dwellers 25, 36 

which is similar to our findings. However, the error margins reported of up to 23% over 

shorter distances and up to 22% with independent walkers are large and may be unacceptable 

in some cases. It appears that its set up procedure, which may lead to errors in measurement, 

should be completed carefully. Accuracy of the AP3 appears similar to that of the uniaxial 

ActivPAL17. Both have an inclinometer and are worn at the mid-thigh, designed well to 

measure time-spent-upright. Previously the ActivPAL has been found to measure time-spent-

upright accurately but measured step-count inaccurately in older inpatients 17. Results of this 

study are similar; the AP3 appeared unable to detect the slower steps of this cohort. Finally, 

while the STEP was accurate in older community-dwellers 27, their study group walked faster 

at 0.8 m/sec than our group (median walking speed, 0.46 m/sec) and suggests that the motion 

sensor is not accurate for slower walking inpatients. We also attempted to attach the STEP as 

securely as possible, and occasionally used a belt when the patient wore nightclothes. 

Whether both of these factors affected its accuracy is unclear.   

 

Older frail patients have low PA levels and need regular rests. Therefore each task began and 

ended in the seated position. No other accuracy study including this position transfer was 

found during the literature review. As patients transferred back into the chair, the walking 

pattern became more “shuffling” increasing potential error. There was a higher error margin 

over shorter distances; this may be as a result of a greater portion of the task being the 

transfer back into the chair. These short walks were included to mimic the typical walking 

activity of older inpatients, which would often include moving from the chair to their locker 

or transferring back to bed.  
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Unlike the AP3 and STEP, the SAM was found to be less accurate for faster and/or 

independent walkers, but as the analysis of set-up procedure suggests, this maybe because the 

sensor was programmed for slow and gentle/geriatric walkers and thus the sensor was over-

sensitive. This may have also caused the wider interquartile ranges and error found over the 

shorter distances (Table 2 and Figure 2). The subgroup analysis showed that while the SAM 1 

overestimated steps, the SAM 2 in contrast, underestimated steps and was marginally more 

accurate.  Both SAM 2 and SAM 1 were worn on the same leg to ensure consistency, but 

SAM 2 was worn slightly above the recommended placement of above the lateral malleolus 

(where SAM 1 was placed). Whether its placement, programming, or both, lessened its 

sensitivity, needs to be re-examined, especially over shorter distances.  

 

For daily clinical use in hospitals (rather than for research purposes), it is important that use 

of the motion sensor does not increase the workload for the staff of a busy ward or that it is 

handled excessively during recording. It was noted during the 40 minute-observation period, 

that one patient who was slightly confused, interfered with the AP3 (at the thigh), but ignored 

the SAM (at the ankle), suggesting that patients may be less inclined to handle or interfere 

with the SAM at the ankle.  

 

Study Limitations 

 

There are a number of limitations to this study. We monitored 40 minutes of activity which 

was felt appropriate for frail older patients, but a longer period of observation would have 

strengthened these findings and identified false step-counts with habitual movements (i.e., 

fidgeting, tapping). There is no way of filtering out these habitual movements, but previous 
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work has suggested that they do not appear to affect accuracy over a 24-hour period of 

monitoring 37. However, the effect of habitual movements on the accuracy of longer periods 

of monitoring needs to be further evaluated. Subgroups of approximately 20-25 participants 

would be more appropriately sized for secondary analyses, including the set-up procedure. In 

hindsight, the SAM should have been programmed differently, for those who noticeably 

walked faster or were more restless at rest, rather than our preselected “frail/slow” 

programming (patient-specific programming only occurred in the subgroup analysis of the 

dual SAM testing). Finally, placement of the SAM 2 higher than recommended may have 

affected its accuracy.   

 

CONCLUSIONS 

 

 

PA in older and frail medical inpatients is low. An accurate, valid measurement of the levels 

and patterns of their PA would inform and guide healthcare. The results of this study show 

that while the SAM was the most accurate motion sensor to measure step-count in this 

population, the error margins of up to 23% may not be acceptable in many cases.  Further 

work is indicated to clarify the effects of its set up procedure, its placement at the ankle, and 

whether habitual movements affect its overall accuracy.  

 

Conflict of Interest 

 

The authors declare that there are no conflicts of interest. This study has not received funding 

or assistance from a commercial organisation.  



Step Count Accuracy for Older Medical Patients  

 
 
 

19 
 
 
 

REFERENCES 

 

1. Brown CJ, Redden DT, Flood KL, Allman RM. The underrecognized epidemic of low 

mobility during hospitalization of older adults. Journal of the American Geriatrics Society 

2009;57:1660-5.10.1111/j.1532-5415.2009.02393.x Epub 2009 Aug 4. 

2. Zisberg A, Shadmi E, Sinoff G, Gur-Yaish N, Srulovici E, Admi H. Low mobility during 

hospitalization and functional decline in older adults. Journal of the American Geriatrics Society 

2011;59:266-73.10.1111/j.1532-5415.2010.03276.x 

3. Boyd CM, Landefeld CS, Counsell SR, Palmer RM, Fortinsky RH, Kresevic D et al. 

Recovery of activities of daily living in older adults after hospitalization for acute medical illness. 

Journal of the American Geriatrics Society 2008;56:2171-9.10.1111/j.1532-5415.2008.02023.x 

4. Fisher SR, Goodwin JS, Protas EJ, Kuo YF, Graham JE, Ottenbacher KJ et al. Ambulatory 

activity of older adults hospitalized with acute medical illness. Journal of the American Geriatrics 

Society 2011;59(1):91-5.10.1111/j.1532-5415.2010.03202.x 

5. McCullagh R, Dillon C, Horgan NF, Timmons S. Determinants of Prolonged Lenth of Stay 

and Functional Decline of Older Hospitalised Patients. Proceedings of the 4th International 

Conference on Ambulatory Monitoring of Physical Activity and Movement (ICAMPAM); Limerick; 

2015 

6. Brown CJ, Friedkin RJ, Inouye SK. Prevalence and outcomes of low mobility in hospitalized 

older patients. Journal of the American Geriatrics Society 2004;52(8):1263-70.10.1111/j.1532-

5415.2004.52354.x 

7. Covinsky KE, Palmer RM, Fortinsky RH, Counsell SR, Stewart AL, Kresevic D et al. Loss of 

independence in activities of daily living in older adults hospitalized with medical illnesses: increased 

vulnerability with age. Journal of the American Geriatrics Society 2003;51:451-8 



Step Count Accuracy for Older Medical Patients  

 
 
 

20 
 
 
 

8. Gill TM, Allore HG, Holford TR, Guo Z. Hospitalization, restricted activity, and the 

development of disability among older persons. JAMA : the Journal of the American Medical 

Association 2004;292:2115-24.10.1001/jama.292.17.2115 

9. Smith P, Galea M, Woodward M, Said C, Dorevitch M. Physical activity by elderly patients 

undergoing inpatient rehabilitation is low: an observational study. Australian Journal of Physiotherapy 

2008;54:209-13 

10. Kuys SS, Dolecka UE, Guard A. Activity level of hospital medical inpatients: an 

observational study. Archives of Grontology and Geriatrics 2012;55:417-

21.10.1016/j.archger.2012.02.008 Epub 2012 Mar 13. 

11. Bassett DR, Jr., Ainsworth BE, Swartz AM, Strath SJ, O'Brien WL, King GA. Validity of 

four motion sensors in measuring moderate intensity physical activity. Medicine and Science in 

Sports and Exercise 2000;32(9 Suppl):S471-80 

12. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Jr., Tudor-Locke C et al. 

2011 Compendium of Physical Activities: a second update of codes and MET values. Medicine and 

Science in Sports and Exercise 2011;43:1575-81.10.1249/MSS.0b013e31821ece12 

10.1249/. 

13. Steeves JA, Bowles HR, McClain JJ, Dodd KW, Brychta RJ, Wang J et al. Ability of thigh-

worn ActiGraph and activPAL monitors to classify posture and motion. Medicine and Science in 

Sports and Exercise 2015;47(5):952-9.10.1249/mss.0000000000000497 

14. Granat MH. Event-based analysis of free-living behaviour. Physiological Measurement 

2012;33:1785-800. 10.1088/0967-3334/33/11/1785. Epub 2012 Oct 31. 

15. Weiss CO, Cappola AR, Varadhan R, Fried LP. Resting metabolic rate in old-old women 

with and without frailty: variability and estimation of energy requirements. Journal of the American 

Geriatrics Society 2012;60:1695-700.10.1111/j.1532-5415.2012.04101.x 

16. Brown CJ, Roth DL, Allman RM. Validation of use of wireless monitors to measure levels of 

mobility during hospitalization. Journal of Rehabilitation Research and Development 2008;45:551-8 



Step Count Accuracy for Older Medical Patients  

 
 
 

21 
 
 
 

17. Taraldsen K, Askim T, Sletvold O, Einarsen EK, Bjastad KG, Indredavik B et al. Evaluation 

of a body-worn sensor system to measure physical activity in older people with impaired function. 

Physical Therapy 2011;91:277-85.10.2522/ptj.20100159. Epub 2011 Jan 6. 

18. Pedersen MM, Bodilsen AC, Petersen J, Beyer N, Andersen O, Lawson-Smith L et al. 

Twenty-four-hour mobility during acute hospitalization in older medical patients. The Journals of 

Gerontology Series A, Biological Sciences and Medical Sciences 2012;68:331-

7.10.1093/gerona/gls165. Epub 2012 Sep 12. 

19. Cassidy S, Thoma C, Hallsworth K, Parikh J, Hollingsworth K, Taylor R et al. High intensity 

intermittent exercise improves cardiac structure and function and reduces liver fat in patients with 

type 2 diabetes: a randomised controlled trial. Diabetologia 2016;59(1):56-66.10.1007/s00125-015-

3741-2 

20. Hollekim-Strand SM, Bjorgaas MR, Albrektsen G, Tjonna AE, Wisloff U, Ingul CB. High-

intensity interval exercise effectively improves cardiac function in patients with type 2 diabetes 

mellitus and diastolic dysfunction: a randomized controlled trial. Journal of the American College of 

Cardiology 2014;64(16):1758-60.10.1016/j.jacc.2014.07.971 

21. Cindy Ng LW, Jenkins S, Hill K. Accuracy and responsiveness of the stepwatch activity 

monitor and ActivPAL in patients with COPD when walking with and without a rollator. Disability 

and Rehabilitation 2011;34:1317-22.10.3109/09638288.2011.641666. Epub 2011 Dec 26. 

22. Dijkstra B, Kamsma YP, Zijlstra W. Detection of gait and postures using a miniaturized 

triaxial accelerometer-based system: accuracy in patients with mild to moderate Parkinson's disease. 

Archives of Physical Medicine and Rehabilitation 2010;91:1272-7.10.1016/j.apmr.2010.05.004. 

23. Langer D, Gosselink R, Sena R, Burtin C, Decramer M, Troosters T. Validation of two 

activity monitors in patients with COPD. Thorax 2009;64:641-2.10.1136/thx.2008.112102. 

24. McCullagh R, Brady NM, Dillon C, Horgan NF, Timmons S. A Review of the Accuracy and 

Utility of Motion Sensors to Measure Physical Activity of Frail Older Hospitalised Patients. Journal 

of Aging and Physical Activity 2015.10.1123/japa.2014-0190 



Step Count Accuracy for Older Medical Patients  

 
 
 

22 
 
 
 

25. Macko RF, Haeuber E, Shaughnessy M, Coleman KL, Boone DA, Smith GV et al. 

Microprocessor-based ambulatory activity monitoring in stroke patients. Medicine and Science in 

Sports and Exercise 2002;34:394-9 

26. Mudge S, Stott NS, Walt SE. Criterion validity of the StepWatch Activity Monitor as a 

measure of walking activity in patients after stroke. Archives of Physical Medicine and Rehabilitation 

2007;88:1710-5.10.1016/j.apmr.2007.07.039 

27. Webber SC, Magill SM, Schafer JL, Wilson KC. GT3X+ accelerometer, Yamax pedometer 

and SC-StepMX pedometer step count accuracy in community-dwelling older adults. Journal of 

Aging and Physical Activity 2014;22(3):334-41.10.1123/japa.2013-0002  

28. Vanroy C, Vissers D, Cras P, Beyne S, Feys H, Vanlandewijck Y et al. Physical activity 

monitoring in stroke: SenseWear Pro2 Activity accelerometer versus Yamax Didi-Walker SW-200 

Pedometer. Disability and Rehabilitation 2014;36,1695-170310.3109/09638288.2013.859307 

29. Dijkstra B, Zijlstra W, Scherder E, Kamsma Y. Detection of walking periods and number of 

steps in older adults and patients with Parkinson's disease: accuracy of a pedometer and an 

accelerometry-based method. Age and Ageing 2008;37:436-41.10.1093/ageing/afn097. Epub 2008 

May 16. 

30. Salvi F, Miller MD, Grilli A, Giorgi R, Towers AL, Morichi V et al. A manual of guidelines 

to score the modified cumulative illness rating scale and its validation in acute hospitalized elderly 

patients. Journal of the American Geriatrics Society 2008;56(10):1926-31.10.1111/j.1532-

5415.2008.01935.x 

31. Romero-Ortuno R, Walsh CD, Lawlor BA, Kenny RA. A frailty instrument for primary care: 

findings from the Survey of Health, Ageing and Retirement in Europe (SHARE). BMC geriatrics 

2010;10:57.10.1186/1471-2318-10-57. 

32. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. Development and initial 

validation of the Falls Efficacy Scale-International (FES-I). Age and Ageing 2005;34:614-

9.10.1093/ageing/afi196 



Step Count Accuracy for Older Medical Patients  

 
 
 

23 
 
 
 

33. Delbaere K, Close JCT, Mikolaizak AS, Sachdev PS, Brodaty H, Lord SR. The Falls Efficacy 

Scale International (FES-I). A comprehensive longitudinal validation study. Age and Ageing 

2010.10.1093/ageing/afp225 

34. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG et al. A short 

physical performance battery assessing lower extremity function: association with self-reported 

disability and prediction of mortality and nursing home admission. Journal of Gerontology 

1994;49:M85-94 

35.  Collins English Dictionary (2005). (7th ed). Glasgow: HarperCollins. 

36. Wendland DM, Sprigle SH. Activity monitor accuracy in persons using canes. Journal of 

Rehabilitation Research and Development 2012;49:1261-8.Doi 10.1682/Jrrd.2011.08.0141  

37. Karabulut M, Crouter SE, Bassett DR, Jr. Comparison of two waist-mounted and two ankle-

mounted electronic pedometers. European Journal of Applied Physiology 2005;95:335-

43.10.1007/s00421-005-0018-3 

  



Step Count Accuracy for Older Medical Patients  

 
 
 

24 
 
 
 

Table 1: Patient Baseline Data 
 

 

Frequency 

(%) 

  

Mean (SD) 

Median (25-75 

IQR) 

 

Demographics 

 

 

Female 15 (46%)    

Age (yrs) 

 

78.1 (± 7.8)  

BMI (kg/m2) 

 

26.9 (± 6.1) 

Medical Status 

 

  

CIRS-G (range 0 - 56) 

 

6.5 (± 2.9) 

Medications prescribed (number) 

 

6.8 (± 3.6)  

Presenting complaint:  

 

  

Respiratory 12 (38%)  

Impairments as a result of falling 9 (29%)   

Other  11 (34%)   

Frailty classification (SHARE F-I) 

 

  

 Not frail  9 (28%)   

 Pre-frail 7 (22%)   

 Frail 16 (50%)   

Physical Ability 

 

  

No walking aid 15 (46%)   

Stick 3 (15%)   

Walking frame 7 (35%)   

Fallen in the previous six months 17 (53%)   

Falls Efficacy Scale-International   

(range 16 – 64; ˃19, moderate-high concern 

about falling)  

 

18.5 (16.3 – 37.5) 

Short Physical Performance Battery 

 (range 0 – 12) 

 

4 (2 - 6)  

Walking speed (m/sec) 

 

0.46 (0.36 - 0.66) 

Independent walkers 

 

0.5 (0.39-0.63) 

Walking-aid-users     0.41 (0.35-0.44) 
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Table 2: Percentage Error of SAM, AP3 and STEP Motion Sensors Compared to Video. 

Percentage Error  

 STEP 

Mean (SD) 

Median (IQR) 

AP3 

Mean (SD) 

Median (IQR) 

SAM 

Mean (SD) 

Median (IQR) 

complete tasks (n=32) 

 

-44 (0.3) 

-38 (-93 to -27) 

 

-43 (0.1) 

-40 (-51 to -35) 

 

8 (0.2)* 

1(-3 to 13) 

 

shorter distances 

(< 5 m) (n=32) 

 

-68 (0.4)* 

-79 (-100 to -54) 

 

-71 (0.8)* 

-74 (-85 to -62) 

 

-4 (0.3)* 

-10 (-23 to 9) 

 

longer distances 

(˃ 5 m) (n=32) 

 

-25 (0.3)* 

-15 (-45 to -4) 

-28 (0.2)* 

-23 (-38 to -17) 

5 (0.8)* 

3 (0 to 9) 

independent walkers (n=15) -28 (0.2) 

-29 (-42 to -24) 

 

-36 (0.1) 

-38 (-44 to -27) 

14 (0.2)* 

-7 (-2 to 22) 

walking aid users (n=17) -59 (0.3) 

-60 (-77 to -36) 

-49 (0.2) 

-48 (-59 to -38) 

4 (0.1) 

0 (-5 to -9) 

 

walking speed  <0.5m/sec (n=12) -65 (0.2) 

-65 (-85 to -46) 

-54 (0.2) 

-54 (-66 to -46) 

-1 (0.1) 

0 (-7 to 5) 

 

walking speed ≥0.5m/sec (n=20) -32 (0.3) 

-33 (-43 to -20) 

-36 (0.1) 

-38 (-43 to -30) 

14 (0.2)* 

11 (0 to 21) 

 

*Non-normally distributed data  
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Figure 1: Flow diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Assessed for eligibility (n=40) 

Excluded (n=8) 

 Confused (n=2) 

 Declined to participate (n=6) 

 Video recording analysed initially, blind to motion 

sensors step-count 

 Step-count downloaded from SAM and AP3 

 Step-count from STEP manually inputted 

 

Completed measurement testing (n=32) 

 Completion of a 40-minute programme of 

predetermined tasks  

 Video-recordings provided step-count 

(reference standard / gold-standard) 

 Simultaneously worn motion sensors (index 

tests) (n=32) 

 Subgroup simultaneously wore two SAM 

accelerometers (SAM1, SAM2) to compare 

set-up procedures 

 

Index tests: 

 SAM 

 AP3 

 STEP 

Analysed (n=32)  

Percentage error determined for  

 Total group 

 Fast vs. slow walker 

 Independent vs. walking-aid-users 

 Long vs. Short distances 

Analysed (n=12) 

 SAM 1 vs. SAM 2  

Measurement testing 

Analysis 

Data Collection 

Recruited (n=32) 

 

Enrollment 
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Figure 2: Bland Altman plots of (a) SAM (b) AP3 (c) STEP and Video Step-Count for All Patients over the Total Number of Tasks 

a b c 

Legend: Bland Altman plots for the total step-count obtained via the motion sensors and the video. The solid line presents the 

mean difference between the motion sensor and the video; the dotted lines represent the 95% confidence intervals.  
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Figure 3: Percentage Error of SAM, AP3 and STEP Compared to Video Step-Count over (a) Shorter (5 Metres or Less)  

and (b) Longer Distances (over 5 Metres) 

a b 

a 
b 

a b 

SAM data 

AP3 data 

STEP data 
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Appendix A: Description of the pre-determined tasks undertaken during video recording 
 

 Task  Measurement 

1 Sitting to lying on bed False step-count 

2 Lying to sitting at edge of bed False step-count 

3 Sitting at edge of bed (30 seconds) None- rest period* 

4 Transfer from bed to chair†  Step-count  

5 Sit in chair (30 seconds) None- rest period* 

6 Standing without assistance (30 seconds)† False step-count  

7 Sit down (30 seconds) None- rest period* 

8 Stand up, turn to walk to cupboard, return to 

chair, turn, sit down† 

Step-count  

9 Sit in chair (30 seconds) None- rest period* 

10 Stand up, walk 8ft (2.5m), turn, sit down† Step-count  

11 Sit in chair (30 seconds) None- rest period* 

12 Stand up, turn to sink, wash and dry hands 

and return to chair, turn, sit down†  

Step-count  

13 Sit in chair (30 seconds) None- rest period* 

14 Stand up, walk from room to corridor, turn, sit 

down† 

Step-count  

15 Sit in chair  (30 seconds) None- rest period* 

16 Stand up, walk 5 metres, turn, walk back 5 

metres, turn, sit down† 

Step-count  

17 Sit in chair (30 seconds) None- rest period* 

18 Stand up, walk 20 metres, turn, sit down† Step-count  

19 Sit in chair (FINISH) None- test completed* 

Legend: 
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* Each task was timed and followed by a 30-second rest period to clearly demarcate the start and 

end of each task  

† A walking aid was used as required for these tasks 

 


