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INTRODUCTION 
In orthopaedics, especially in total joint replacement (THR), 

clinical outcome assessment by questionnaires based scores 

suffers from subjectivity, ceiling effects and pain dominance 

masking the functional status. Lab based motion analysis is a 

powerful tool but too expensive, time consuming and complex 

for routine clinical follow-up. In addition, lab test performance 

is not well correlated with real life activity, a main category 

which joint arthroplasty aims to improve. Thus activity 

monitoring (AM) has become used in some orthopaedic 

studies but mostly using step counts only [1]. Advances in the 

size, sensitivity, storage capacity and battery life of MEMS 

(Micro-Electro-Mechanical Systems) measuring accelerations 

have made it possible to advance signal quality, sampling 

frequencies and analysis algorithms. 

During rehabilitation following THR the time when patients 

start using stairs and the amount of stairs or flights of stairs 

taken are considered a clinically relevant measure of recovery 

and outcome. In healthy subjects stair climbing could be 

detected with using wavelet analysis in healthy subjects [2]. 

However, especially after orthopedic surgery, patients will 

walk stairs safely, step-by-step (vs step-over in healthy 

subjects) and with the aid of crutches. This makes the 

distinction of walking stairs from normal gait or plain standing 

difficult using an accelerometer based activity monitor [3]. In 

this study we validated a custom made algorithm to 

distinguish level walking, ascending and descending stairs 

with the aid of crutches and using the step-by-step technique. 

 

 

METHODS 
Healthy subjects (N=10) were instructed by a physiotherapist 

to simulate crutched stair walking. They all performed a fixed 

protocol of descending stairs (10 steps), level walking (free 

number of steps), ascending stairs (10 steps), and finishing 

with level walking (free number of steps). Stair ascent and 

descent was performed step-by-step, with crutches and with 

limited flexion of the simulated affected leg as patients would 

do. A light-weight 3D accelerometer (64x25x13mm, 18g) was 

attached to the lateral side of the simulated non-affected upper 

leg (figure 1). Data was sampled at a frequency of 40 Hz, and 

stored onto an on-board memory card. 

 

Data was analyzed using a custom made MatLab algorithm. 

Because of the chosen position (upper leg), on average the 

sensor will have a different angle with respect to vertical 

(gravity) while walking the stairs compared to level gait. The 

inclinometer function of the accelerometer makes it possible 

to measure this angle. To obtain the average angle, the signal 

was low-pass filtered (4
th

 order Butterworth, cut-off frequency 

0.3 Hz). Periods of level gait and walking on the stairs could 

be distinguished based on this principle. (Figure 2). 

 

 

 

Figure 1: Sensor position on the lateral side of the upper leg. 

Red line indicates sensor’s orientation with respect to vertical. 

 

 

 
Figure 2: Unfiltered (upper) and low pass filtered (lower) 

signal of 1 run. Mean x-Acceleration during descending and 

ascending the stairs is lower than for level walking. 

 

After separation the distinction between stair climbing and 

descending was made based on a different pattern in the 

signal. When descending the stairs a peak in the y-portion of 

the acceleration signal occurs right before a peak in the x-

portion of the signal. For stair climbing this y-peak occurs 

right after the previous x-peak (Figure 3).  



 
Figure 3: A step descending stairs (upper) and climbing stairs 

(lower). Position of X- and Y-peaks relative to each other 

serves as a differentiating feature. 

 

Finally in each period the number of steps taken was counted 

and the cadence (steps/min) was calculated by dividing the 

number of steps in each period by the duration of the period. 

Video recordings were made of each run to serve as reference 

data for validation. Mean relative differences (MRD) and 

absolute differences (AD) between video and AM output were 

calculated and t-test was used to determine significant 

difference (p<0.05) between the two.  

 

 

RESULTS AND DISCUSSION 

All conditions (level walking, ascending and descending stair) 

were recognized by the AM. For stair descent a mean relative 

difference (MRD) of 0.0% (range: 0.0%-0.0%) was found for 

the number of steps and 6.2% (1.5%-11.8%) for cadence. For 

stair ascent the mean MRD for the total number of steps was 

5.0% (0.0%-10.0%) and 7.0% (1.4%-11.1%) for cadence. On 

average, test subjects took 15.3 steps during level gait which 

were detected with a MRD of 5.3% (0.0%-13.3%) (Table 1).  

Misdetections regarding the number of steps between video 

recordings and AM occurred mostly during shuffling or 

standing on a step while moving the leg [3]. This events were 

mostly classified as steps of level gait resulting in a slight 

overestimation of this AM output (Video: 15.3 steps vs. AM: 

15.7 steps; p=0.13). The small differences between video and 

AM regarding cadence were not due to misdetected steps but 

discrepancies between the start/stop times of each bout. This 

discrepancy is caused by necessary windowing of the 

algorithm and the variable video observer reaction times in 

setting the start/stop marks [4]. Cadence did not significantly 

differ between AM and video recordings during stair descent 

(15.7 steps/min vs. 15.7 steps/min, p=0.99) but during stair 

ascent (17.3 steps/min vs. 16.1 steps/min, p<0.01) (Table 1). 

 

 

CONCLUSIONS 
This study showed that AM is able to distinguish stair 

climbing and descending from level walking even when 

subjects move slowly, with crutches and using the step-by-step 

technique. This makes it possible to assess complex real life 

activity not only of healthy subjects but also of functionally 

limited orthopaedic patients. It counts for stair ascent and stair 

descent separately, the number of stair flights taken, the 

number of individual stairs walked and measures the cadence 

during these bouts of activity. With stair climbing being a 

demanding task with high clinical relevance and impact on 

patients’ social participation, AM may become a useful 

objective outcome assessment in orthopaedics. 

 

 

REFERENCES 
1. Silva M, et al. J Arthroplasty. 20: 487-91, 2005 

2. Nyan MN, et al. Journal of Biomechanics. 39: 2647-2656, 

2006 

3. Berg-Emons HJG, Bussman JBJ, et al. Scand J Rehab 

Med. 32: 187-192, 2000 

4. Uiterwaal M, et al. J Med Eng Technol. 22: 168-172, 

1998 

 

 

 
Tabel 1: Absolute differences in number of steps and cadence of individual subjects. (desc. = descending, asc. = ascending) 

Subjects  AD number of steps (#) Cadence (steps/min) 

   desc. level  asc.   desc. Video desc. AM asc. Video asc. AM 

1   0.0 2.0 0.0   12.2 13.0 12.8 12.6 

2  0.0 1.0 0.0   15.0 14.4 18.2 16.8 

3   0.0 0.0 0.0   12.8 11.7 15.0 13.3 

4  0.0 1.0 0.0   14.6 13.6 15.8 14.8 

5   0.0 1.0 0.0   18.2 16.7 21.4 19.1 

6  0.0 0.0 1.0   17.6 17.4 20.7 19.0 

7   0.0 1.0 1.0   15.8 15.3 20.0 19.2 

8  0.0 0.0 1.0   18.2 20.3 17.1 15.9 

9   0.0 0.0 1.0   17.6 18.0 18.2 16.8 

10   0.0 2.0 1.0   15.0 16.6 14.0 13.2 

mean   0.0 0.8 0.5   15.7 15.7 17.3 16.1 

SD   0.0 0.8 0.5   2.2 2.6 2.9 2.6 

 


