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Abstract: This paper presents the results obtained for healthy subjects and

osteoarthritic patients during climbing and descending stairs. The variations
and the maximum flexion-extension angles and maximum reaction force
values are presented. The climbing and descending tests demonstrated that
the maximum values of flexion-extension angle are smaller for osteoarthritic
knees than for healthy knees. The angle values are higher on descending than
on climbing for all participants. For climbing stairs the values are (1.25-1.4)
body weight and for descending stairs the values are (1.4-1.6) body weight.
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1. Introduction
Climbing and descending stairs is a
daily activity of people, healthy but, also,
suffering of different diseases, including
musculoskeletal diseases. Compared to the
over-ground normal gait, this activity is a
much more demanding activity, especially
in
people
with
diseases
[2-8].
Biomechanical analysis of stairs walking
using force platforms and goniometers
helps researchers to improve knowledge of
human locomotion, being useful in gait
rehabilitation or in the design of humanoid
robots [3]. In [5-8] the biomechanical
analysis of flexion-extension leg joints
during climbing or descending stairs are
presented.
In
gait
analysis,
the
measurement of ground reaction forces is
well-known, but in the case of climbing or
descending stairs only a few studies have
been conducted to determine the reaction
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forces [2-4, 6, 8]. Force platforms and a
video system for measuring motion were
used in [6] to identify parameters of the
legs while climbing stairs.
The objective of this study is to measure
the force reactions and the variation of
knee flexion-extension angles of human
knee during climbing and descending
stairs.
2. Description of the experimental tests
The experimental tests for osteoarthritic
patients were performed in the Department
of Orthopaedic and Traumatology of
Emergency County Hospital of Craiova and
consisted of three trials climbing and
descending at 12 stairs. Data collection was
performed in the day before the knee
prosthetic surgery. For healthy subjects
(HS) the measurements were performed in
the Biomechanics Laboratory at INCESA
Research Centre of University of Craiova.
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2.1. Equipment
In the performed experiments a
Biometrics Ltd data acquisition system
based on electrogonimeters, which are
wearable sensors successfully used in
biomechanics [9-14].
DataLog MWX8 is a portable device used
for collecting and monitoring data in realtime, simultaneous on 8-channels, and it is
used in human gait analysis, medical
research, and robotics.
To simultaneously collect data during
experimental
tests,
six
flexible
electrogoniometres (SG 100 and SG 150
types) for the six joints of both lower limbs
of each subject were used (Figure 3) [14].
Also, to measure the ground reaction
forces variation, six FP4 Biometrics force
platforms were used [13, 14]. For data
acquisition two 8-channel DataLOGs at a
frequency of 500 Hz (MWX 8 Biometrics
Ltd) were used [14]. One DataLOG was
connected with the six platforms and the
other one was connected with six
electrogoniometers (three for left leg joints
and three for right leg joints). The data
transfer from the DataLOGs to computer
was conducted in real time via Bluetooth.
In Fig. 1 the schema-block of data
acquisition system mounted on the subject
is shown. For each joint, the system allows
data acquisition for flexion-extension
movement and for lateral movement. For
this paper we are interested to use the data
files obtained for both knee of every
participant in the experimental tests.

Fig. 2. Biometrics flexible electrogoniometers and DataLog.
2.2 Subjects
Data acquisition was performed on a
sample consisting of 3 patients, a man and
two women aged between 56 and 68 years,
all three suffering by osteoarthritis of the
right knee, and on a sample of four healthy
subjects, two men and two women ages
close. The healthy subjects don’t suffer
from joint pain, no symptoms of an arthritic
diseases and no surgery of the lower limbs.
For all healthy subjects and patients, the
anthropometric data were collected before
the beginning of the tests. Table 1 and 2
present the mean and standard deviation for
the anthropometric data of patients and
healthy subjects.
Table 1
Patients
Age [years]
Weight [kg]
Height [cm]
Leg length [cm]
Hip–knee length [cm]
Knee–ankle length [cm]

Average
61
71.3
165.4
80.7
39
42

St. Dev.
6.24
11.02
1.53
3.06
3.61
0.6

Table 2

Fig. 1. Block-schema for collecting and
processing data using Biometrics system.

Subject
Age [years]
Weight [kg]
Height [cm]
Leg length [cm]
Hip–knee length [cm]
Knee–ankle length [cm]

Average
27.7
72.6
172.7
75
37.4
37.6

St. Dev.
2.52
10.26
6.4
7
4.9
2.1

The experimental protocol was presented to
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each participant and they performed more
repetitions before the start of final tests.

Fig. 3. Fixation of the electro-goniometers
on the lower limbs.
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3. Results
Data were collected using Biometrics
system.
The results were exported in .txt format,
and then imported in software SimiMotion
[15]. The imported data in SimiMotion
were divided into cycles and phases
walking and, using application "Calculated
envelope”, the diagrams of medium cycle
were obtained.
The variations of the flexion extension
and adduction-abduction angles for hip,
knee and ankle joints of the right lower limb
for the patient No. 1 are shown in Figure 4.
In figure 5 are shown comparative diagrams
of flexion-extension medium cycles for
descending stairs test for right and left knee
joint.

a)

b)

c)
Fig. 4. The diagrams obtained by Biometrics System for healthy subjects: a) Reaction
forces variation on the six force platforms for descending stairs test; Variation of the
angle of flexion extension and adduction abduction angles for right; b) and, respectively,
for left c) ankle, knee and hip joints in descending stairs test.

206

Bulletin of the Transilvania University of Braşov • Series I • Vol. 9 (58) No. 2 Special Issue - 2016

The flexion-extension cycles and the mean flexion-extension cycles for the right knee
joints from healthy subject no.1 is presented in figure 6.

a)
b)
Fig. 5. Flexion extension medium cycles for right knee on climbing stairs: a) for subject
no. 1, b) for entire sample of healthy subjects

a)
b)
Fig. 6. Flexion extension medium cycles for right knee on descending stairs: a) for subject
no. 1, b) for entire sample of healthy subjects.

a)
b)
Fig. 7. Flexion extension medium cycles for right knee on climbing stairs: a) for patient
no. 1, b) for entire sample of patients.

a)
b)
Fig. 8. Flexion extension medium cycles for right knee on descending stairs: a) for patient
no. 1, b) for entire sample of patients.
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a)
b)
Fig. 9. Medium Reaction force for healthy subjects: a) climbing stair, b) descending stairs

a)
b)
Fig. 10. Medium Reaction force for patients: a) climbing stairs; b) descending stairs
In tables 3 and 4 the maximum flexionextension angles and maximum reaction
force values for the healthy subjects and
for patients are presented.

In table 5 are presented the average
and standard deviation for time and
frequency of walking stairs for all tests.
Table 5

Table 3
Patients
1
2
3
Medium
Cycle

Descending
Climbing
Max.
Max.
Max.
Max.
angle reaction angle reaction
[deg] force [N] [deg] force [N]
68
1082
57
940
61
1044
56
910
66
860
58
765
65

1007

57

874

Table 4
Subject
1
2
3
4
Medium
Cycle

Descending
Climbing
Max.
Max.
Max.
Max.
angle reaction angle reaction
[deg] force [N] [deg] force [N]
89
1180
88
1045
95
1082
91
962
95
1146
88
914
85
1144
84
1006
89

1163

86

983

Healthy
subjects
Time [s]
Frequency
Patients
Time [s]
Frequency

Descending
Climbing
St.
St.
Average
Average
Dev.
Dev.
10.7 1.81 11.25
0.24
0.89 0.15 0.94
0.24
11.85
0.99

0.21
0.02

12.47
1.04

0.49
0.02

4. Discussions and conclusions
The experimental tests demonstrated that
the maximum values of flexion-extension
angle are smaller with about 20 degrees for
osteoarthritic knees than for healthy knees
for both kinds of tests: climbing and
descending. The variation curves have
similar allures for patients and for healthy
subjects. Also, the flexion-extension angles
values are higher on descending than on
climbing for all participants in the
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experimental tests: healthy subjects or
patients.
The study demonstrated that ground
reaction force from the beginning of the
stance phase is higher than at the end of
the stance phase. In normal walking the
ground reaction force values are 1.1-1.15
weight [1], in contrast with the case of
climbing stairs when the values are
comprised in the interval (1.25-1.4) body
weight and, respectively, (1.4-1.6) body
weight in descending stairs. These results
are similar with the results obtained in [1,
2, 6]. In the case of osteoarthritic patients,
for similar body weights, the reaction
forces values are smaller than in the case
of healthy subjects.
5. References
1. Chao, E.Y., Laughman, et. al.:
Normative data of knee joint motion
and ground reaction forces in adult
level walking. In: J Biomech (1983)
Vol. 16, p. 219–33.
2. Costigan, P.A., Deluzio, K.J., Wyss,
U.P.: Knee and hip kinetics during
normal stair climbing. In: Gait and
Posture (2002) Vol. 16, p. 31–7.
3. Luder, G., Baumann, et. al.: Variability
of ground reaction forces in healthy
subjects during stair climbing. In:
Physioscience (2007) Vol. 3, p. 181–7.
4. Monika, L., Stefan, S., Roger, H.,
Lorenz, R.: Test–retest reliability of
vertical ground reaction forces during
stair climbing in the elderly population.
In: Gait & Posture (2011) Vol. 34, p.
421–425.
5. Nadeau, S., McFadyen, B.J., Malouin,
F.: Frontal and sagittal plane analyses
of the stair climbing task in healthy
adults aged over 40 years: what are the
challenges compared to level walking?.
In: Clinical Biomechanics (2003) Vol.
18, p. 950–9.

6. Protopapadaki, A., Drechsler, W.I.,
et.al.: Hip, knee, ankle kinematics and
kinetics during stair ascent and descent
in healthy young individuals. In:
Clinical Biomechanics (2007) Vol. 22,
p. 203–10.
7. Riener, R., Rabuffetti, M., Frigo, C.:
Stair ascent and descent at different
inclinations. In: Gait Posture (2002)
Vol. 15 (1), p. 32–44.
8. Stacoff, A., Diezi, C., et.al.: Ground
reaction forces on stairs: effects of stair
inclination and age. In: Gait Posture
(2005) Vol. 21 (1), p. 24–38.
9. Tao, W., Liu, T., Zheng, R., Feng, H.:
Gait analysis using wearable sensors.
In: Sensors (2012) Vol. 12, p. 2255–
2283.
10. Tarnita, D., et. al.: In vitro experiment
of the modular orthopedic plate based
on Nitinol, used for human radius bone
fractures. In: Romanian Journal of
Morphology and embryology (2010)
Vol. 51 (2), p. 315-320.
11.Tarnita, D., et. al.:
Experimental
measurement
of
flexion-extension
movement in normal and osteoarthritic
human knee. In: Romanian Journal of
Morphology and embryology (2013)
Vol. 54 (2), p. 309–313.
12.Tarnita D., et.al.: Nonlinear Analysis of
Normal Human Gait for Different
Activities with Application to Bipedal
Locomotion. In: Ro.J.Tech.Sci.Appl.
Mech (2013) Vol. 58 (1-2), p.177–192.
13.Tarnita, D.: Wearable sensors used for
human gait analysis. In: Rom J
Morphol Embryol (2016) 57 (2), p 373382.
14.www.biometricsltd.com/
15.www.simi.com

