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SUMMARY 
Stair climbing is frequently performed in daily life, and it can 
be very challenging for elderly people. Additional task is a 
perturbation that alters gait pattern but it usually happens. The 
purpose of this study was to compare inter-joint coordination 
pattern and variability between single and dual task during 
stair ascending. No significant group differences were 
detected during stair ascending (SA) phase. However, 
compared to single task, dual task appeared distinctively 
relative phase from early to mid stance during transition phase. 
And significantly smaller deviation phase (DP) during stance 
of transition phase with cognitive task was found when a 
cautious movement was being made. In conclusion, while 
performing such a challenging motor task, additional task 
could alter the original stability of dynamical posture.   
INTRODUCTION 
Stair negotiation is a common form of locomotor task, much 
more demanding than level walking [10]. This is a particular 
problem in the elderly, with the incidence of injuries and falls 
on stairs increasing in old age [2]. Previous studies have 
compared the biomechanical characteristics of stair 
negotiation between young and older adults, involving ground 
reaction force [11], joint moment [5], foot clearance, 
electromyography [10] and whole body kinematics [9]. 
Therefore, stair negotiation has been shown to be more 
challenging in old adults than in young adults. Stair climbing 
is a complex motor task, which needs high level of inter-joint 
coordination of lower extremity. In motor control, stable 
coordination pattern has been considered a fundamental 
feature of consistent, functional action [1]. In addition, one 
condition frequently seen in daily life is dual task paradigm, 
which results in many falls in the elderly [4]. And dual task 
paradigms are used to examine the effect of cognitive tasks on 
primary activity such as walking. As previous studies have 
shown, the effect of cognitive task on gait stability shows 
decreased gait velocity and increased gait variability [4]. 
Accordingly, we speculated that stair ascending with 
additional cognitive task might bring about the alternative of 
inter-joint coordination. The aim of this study was to explore 
the dual task effect on inter-joint coordination pattern and 
variability during stair ascending in older adults. We 
hypothesized that the variability of the inter-joint coordination 
on dual task situation was greater than single task. 
 
METHODS 
Ten healthy elderly (seven males and three female; age: 
73.1±5.1 years, height: 160.1±7.7cm and mass: 58.3±7.3 kg) 
were recruited for the purpose of the current investigation. 
They were free of neurological and low extremity 
musculoskeletal impairments. Kinematic data were acquired 
during stair ascending by capturing the trajectory of reflective 
markers using a ten-camera optoelectronic motion analysis 
system sampling at 100 Hz surrounding the testing area 
(Vicon, Oxford, UK). The motor task required participants to 

perform stair ascend (SA). The cognitive secondary task 
consisted of repetitively subtracting 7 starting figure from 40 
to 100 randomly. Each subject walked at self-selected pace for 
each condition, which included single (only motor task) and 
dual (motor and cognitive task) task. Three trials for each 
condition were obtained. Two gait cycles (GC) were identified 
in each stair ascend trial to represent the floor-to-stair 
transition and SA phase [6]. Lower extremity joint (hip, knee 
and ankle) angle were calculated from kinematic data only in 
sagittal plane. Angular velocity in sagittal plane was 
calculated for each joint using the generalized cross-validatory 
spline method [13]. Angular displacements were normalized 
the minimum angular displacement to -1 and maximum 
angular displacement to +1. Angular velocities were 
normalized by the maximum absolute velocity during 
locomotion [6]. The phase portrait is a plot of each joint’s 
position versus its velocity. The resulting point data were used 
to calculated the phase angle φ= tan-1= (x’/x) [8]. Continuous 
relative phase angle (RPA) represents the phasing relationship 
or coordination between the actions of the two adjacent joints 
[12]. RPA was calculated throughout the gait cycle by 
subtracting the phase angle of the two adjacent joints: φhip-knee 
and φknee-ankle. The RPA curves for inter-joint relationship were 
averaged across trials and mean ensemble curves were 
generated for each condition. Besides, the deviation phase (DP) 
was calculated by averaging the standard deviations of the 
ensemble RPA curve points for stance and swing phase of 
each gait cycle and each condition. A low DP value indicates 
lower variability within trails and reflects a more stable inter-
joint coordination. Paired-Sample T-test was applied to detect 
the effect of different conditions (single and dual task) for DP 
values. A significance level of 0.05 was set for all statistical 
tests. 
 
RESULTS AND DISCUSSION 
Comparing the phase portraits of single and dual tasks, three 
trajectories of lower extremity joints showed similar geometric 
form during SA and transition phase (Fig. 1). Evaluation of 
the graphical configuration of the RPA curves might indicate 
whether dual and single task situations were similar 
locomotive strategies or not. During SA phase, the 
coordination dynamics of the hip-knee and knee-ankle 
coupling relationship were similar in the two situations. This 
was evident from the similar configuration of the curves of the 
two conditions (Fig. 2a & 2b). 
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Figure 1: Phase portraits of the hip, knee and ankle joints for 
single (dark solid) and dual (blue dash) task. 
 
During transition phase, the hip-knee relative phase dynamics 
appeared to be quite different throughout the early-to-mid 
stance period in the two conditions (Fig.2c). In the beginning 
of stance period, elderly had an in-phase relationship (close to 
0°) when in dual task. However, in single task, elderly had an 
out-of-phase relationship (start at -80°). From approximately 
15%-30% of GC, single task RPA curves maintained at about 
0°, while dual task RPA curves maintained at around -50°, 
indicating that knee joint was changing more than hip joint. 
Besides, the coordination for the knee-ankle coupling was also 
different (Fig. 2d). In the early portion stance phase, elderly 
began around 0°, indicating an in-phase relationship in dual 
task, while elderly exhibited an out-of-phase realtionship 
(value starting at 100°) in single task. There were additional 
differences at knee-ankle coupling. Similarly from 15%-30% 
of GC, dual task retained at around -150°, yet single task 
retained at around -200°. 
 

 
 

Figure 2: Mean ensemble RPA of the φhip-knee and φknee-ankle 
coordination for single (dark solid) and dual (blue dash) task. 
 
Inspection of the timing of the minimums and maximums 
ofthe RPA curve indicated that the reversal in the coordination 
dynamics of hip-knee and knee-ankle couplings was similar in 
the two conditions (Fig. 2c & 2d). However, the magnitudes of 
the minimums and maximums were not similar. These 
phenomena showed that dual task resulted in altered relative 
phase dynamics of stance phase during transition phase. 
 
Statistically significant DP difference only existed at stance 
phase of GC during transition phase, and hip-knee and knee-
ankle coupling of single task was grater than dual task (Table. 
1). When ascending stairs, the elderly were confined to foot 
placements on staircase [7]; on the opposite, their feet were 

not confined from floor to stair. What’s more, when the 
resources needed to perform two tasks concurrently exceeding 
the total capacity of the system, resources allocated to one or 
both tasks was reduced leading to a concomitant decrease of 
performance [3].Therefore, according to these views, we could 
speculate that elderly’s locomotion was free with single task 
so it increased the variability of inter-joint coordination during 
transition phase. However, during dual task, less variability of 
inter-joint coordination indicated that elderly might opt to 
focus on cognitive task processing, which induced the 
emergence of conservatively locomotive strategy, to prevent 
the risk of fall. This is why the DP value of the dual task was 
smaller than single task, which was opposite to the original 
hypothesis. Finally, these results demonstrated that dual task 
indeed altered the inter-joint coordination in the elderly. 
 
CONCLUSIONS 
Elderly, with dual task, displayed the altered relative phase 
angle during early to mid stance in transition phase. 
Significantly smaller DP values of stance phase during floor to 
stair indicated that elderly adopted conservative strategy with 
dual task in order to maintain posture stability for preventing 
fall. Elderly with dual task probably perturbed their processing 
system so that they must adapt to the situation. Therefore, an 
alternative pattern was generated. Based on the results of the 
investigation, such information could not only provide 
different approaches to conventional gait analyses but also for 
the clinical evaluation. 
 
REFERENCES 
1. Bernstein, N. Pergamon Press Oxford.(Vol. 1), 1967. 
2. Hemenway D, et al., Accident Analysis & Prevention. 

26(5):675-679, 1994. 
3. Hiraga C, et al., Behavioural Brain Research. 5(1):10-18, 

2009. 
4. Hollman et al., Gait & Posture .26(1):113-119, 2007. 
5. Kirkwood R, et al., Physical Therapy. 79(4), 360, 1999. 
6. Kurza'b M, et al., Journal of Biomechanics. 35:369-374, 

2002. 
7. Lee H, et al., Journal of Biomechanics. 40(11):2530-2536, 

2007. 
8. Lu T et al., Gait & Posture. 27(2):309-315, 2008. 
9. Mian O, et al., Gait & Posture. 26(3):463-469, 2007.  
10. Reeves N, et al., Journal of Electromyography and 

Kinesiology. 19(2):e57-e68, 2009. 
11. Stacoff A, et al., Gait & Posture. 21(1):24-38,2005. 
12. Stergiou N, et al., Clinical Biomechanics. 16(3):213-221, 

2001. 
13. Woltring H, et al., Advances in Engineering Software. 

8(2):104-113, 1986. 

 
Table 1: Means and standard deviations of the deviation phase (DP) values of the knee-hip and knee-ankle 
 

DP value Stair ascend(SA)  Transition(floor to stair) 
 Hip-knee  Knee-ankle  Hip-knee  Knee-ankle 
 Stance Swing  Stance Swing  Stance   Swing  Stance Swing 

Normal 75.8±32.5 19.2±6.0 101.0±25.4 62.4±22.8 135.7±15.5 14.5±3.0 169.4±25.0 41.5±20.9 
Dual task 76.2±31.7 19.4±9.1 95.0±21.9 59.9±18.7 119.5±11.5 16.5±7.1 139.8±17.2 50.1±24.3 
p-value 0.98 0.95 0.47 0.81 0.04* 0.35 0.02* 0.33 


