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SUMMARY 
Rising to stand from sitting is a complex and important task 
of daily living that is divided into three phases for analysis in 
young subjects using specific events during the cycle.  The 
transition point between phases one and two is seat-off and 
the transition point between phases two and three is 
maximum ankle dorsiflexion. Phase two is the shortest of the 
three phases in young adults and identification of this phase 
is dependent on maximal ankle dorsiflexion occurring after 
seat-off. In older subjects and people with stroke timing of 
maximal dorsiflexion may vary due to changes in joint range 
of motion resulting from the aging process or the presence of 
neurological or orthopeadic changes in the muscle or joint.  
The purpose of this study was to determine whether phase 
two could be consistently identified during sit-to-stand in 
older adults and people with stroke. Preliminary results 
indicate maximum ankle dorsiflexion follows seat-off during 
sit-to-stand in both groups allowing for the identification of 
phases one, two and three. It may be preferable to divide the 
task into two phases, instead of three, due to the short 
duration of phase two in both groups. 
 
INTRODUCTION 
Rising to stand from sitting is a complex and demanding task 
[2]. Examination of this task in healthy individuals and 
clinical populations is important because it is the most 
frequently performed task in daily living and is considered a 
prerequisite for walking and functional movement [3,4].  
Schenkman et al. (1990) examined the sit-to-stand (STS) 
task in nine healthy young subjects (28.9 years +3.4) and 
reported a specific sequence of events during the task 
including start of the task, seat-off, maximum ankle 
dorsiflexion, and the end of the task. Start of the task 
occurred when the investigator said ‘start’. Seat-off was 
identified when the vertical ground reaction force under the 
feet started to increase in a weight-bearing direction. 
Maximum ankle dorsiflexion was identified using kinematic 
data obtained from motion analysis. The end of the task was 
defined as maximum hip extension that was also identified 
using kinematic data.  Based on the event sequence, the STS 
task was divided into three phases.  Phase one, the flexion 
momentum phase, begins with the start of the movement and 
ends with seat-off. Phase two, the transition phase, starts 
with seat-off and ends when maximum ankle dorsiflexion 
occurs.  Phase three starts with maximum ankle dorsiflexion 
and ends with terminal hip extension. Subjects in the study 
by Schenkman et al. (1990) required an average of 
1.95+0.03 seconds to complete the task and phase one, two 
and three were 28%, 18% and 54% of the STS cycle, 
respectively.  

People with stroke and older subjects may demonstrate 
greater variability in the timing of maximum ankle 
dorsiflexion secondary to ageing and neurological sequelae 

following stroke. The purpose of this study was to determine 
whether all three phases of the STS task could be identified 
in older adults and people with stroke.  Specifically we will 
investigate whether phase two occurs consistently and the 
duration of phase two in these groups. 

 
METHODS 
Six people with stroke (mean age 59.5 years + 10.07) and six 
age and sex matched controls (61.5 years +11.64) were 
recruited for this pilot study.  Subjects with stroke were 
included in the study if it was their first stroke, time since 
stroke onset was six months or greater, the stroke affected 
only one side of their body, they had no other orthopaedic or 
neurological condition affecting their lower extremities and 
were able to independently move from sitting to standing 
without using their arms.  Control subjects were included if 
they had no known history of a transient ischemic attack, no 
known history of a balance disorder and no known 
orthopaedic or neurological condition affecting their lower 
extremities. 
 
All subjects wore shorts, a loose fitting t-shirt and a pair of 
comfortable shoes. Subjects were seated on an armless, 
backless chair adjusted to the height of their lower leg. A 
separate force plate was placed under the chair and each foot 
to measure vertical ground reaction forces during the STS 
task. Subjects were instrumented with clusters of infrared 
light emitting diodes (IREDs) placed bilaterally on the foot, 
lower leg and thigh as well as the low back and base of the 
cervical spine. At the end of testing, with the subjects in 
standing, bony landmarks were identified using a pointed 
probe instrumented with four IREDs.  Probed landmarks 
approximate the first and fifth metatarsal heads, lateral and 
medial malleoli, lateral and medial femoral epicondyles, 
greater trochanter, a point aligned vertically with the greater 
trochanter at the level of the anterior superior iliac spine and 
the tip of the acromion process of the scapula. Markers were 
placed on the chair, the force plates and the subjects’ thighs 
to ensure consistency of foot and seat placement for each 
STS trial.  Subjects were tested on two separate days and 
performed three trials of the STS task on both days of testing 
with their arms across their chest at their own self-paced 
speed. Six trials from each subject, performed across two 
days of testing, were used in the analysis with each group 
performing a total of thirty-six trials of the STS task. 
 
Kinetic and kinematic data were used to identify start, seat-
off, maximum ankle dorsiflexion and end (terminal hip 
extension). Start of the task was identified visually as the 
initial increase in the vertical ground reaction force from 
baseline under the chair. Seat-off was defined as the point 
when the force under the chair reached zero.  Maximum 
ankle dorsiflexion was defined using kinematic data from the 
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unaffected limb of people with stroke or the dominant limb 
of healthy controls.  The end of the task was identified 
visually as the point when the hip angle reached maximum 
extension. 
 
RESULTS AND DISCUSSION 
Older healthy adults demonstrated an event sequence of seat-
off before maximum ankle dorsiflexion in thirty-four of the 
thirty-six trials.  In two trials maximum ankle dorsiflexion 
occurred at the same time as seat-off.  The mean time to 
complete the task was 2.35+0.03 seconds. Phase two was, on 
average, 5.56+1.81% of the STS cycle. The range of values 
for phase two was 0-14% in this group.  Phase one and three 
were 43.94+5.67% and 50.5+5.04% of the STS task, 
respectively. The range of values for phase one and three 
were 33-59% and 36-60% respectively. 

In all thirty-six trials performed by the group of subjects 
with stroke, seat-off occurred before maximum ankle 
dorsiflexion and therefore phase two could be identified in 
every trial. Subjects with stroke required a mean time of 
3.11+0.1 seconds to complete the STS task.  Phase two was 
a mean of 5.5+1.9% of the STS cycle with values ranging 
from 1-15%. The mean percent of phase one and three were 
38.1+3.6% and 56.39+4.86% of the STS cycle, respectively. 
The range of values were 27-45% for phase one and 43-70% 
for phase three, in the group of subjects with stroke.   

Phase two appeared to occupy a smaller percent of the STS 
cycle in older subjects and people with stroke compared to 
the young subjects who participated in the study by 
Schenkman et al. (1990). This difference may be attributed 
to differences in methodology used in the two studies, or due 
to a different strategy used to complete the STS task by older 
subjects and people with stroke resulting in a shorter 
duration of phase two.   Phase two represents less than one 

tenth of the STS cycle in older subjects and people with 
stroke and less than one fifth of the STS cycle in young 
healthy subjects.  Consequently, it may be preferable to 
divide the task into two phases instead of three when 
analyzing the STS cycle using seat-off as the transition point 
between the phases.  Phase one would represent the duration 
of the cycle when the subject creates forward momentum 
and uses the chair and their feet as the base of support. Phase 
two would represent the duration of the cycle when subjects 
only use their feet as the base of support.  

CONCLUSIONS 
Results from this pilot study indicate that phase two can be 
identified in older subjects and people with stroke since seat-
off occurred prior to maximum ankle dorsiflexion in all but 
two trials. However, the duration of phase two represented 
less than 6% of the STS cycle.  The authors recommend 
analysis of the STS cycle using two phases in people with 
stroke and older subjects in future investigations. 
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