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Is it possible to identify the gender and age group of adults from 
gait analysis with hip-knee cyclograms?
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Abstract  Introduction: Cyclograms are gait analysis tools that characterize the geometric aspect of the pattern of 
locomotion. Cyclograms are angle-angle diagrams that are very useful for representing cyclic patterns such as 
walking. This study is based on the hypothesis that parameters extracted from hip-knee cyclograms of individuals 
walking on a treadmill with 0° and 5° slopes can be used to determine the age group and sex of the volunteers. 
Methods: In total, 40 physically active healthy adult volunteers, 20 young people (10 of each gender) and 20 
elderly (10 of each gender), were divided into 4 groups, and the average value of area (A), perimeter (P) and 
the ratio P/√A of cyclogram were calculated, as well as the speed and cadence. Results: The young male (YM) 
speeds were higher than the elderly male (EM) speeds (p=0.00), and the young female (YF) speeds were higher 
than the elderly female (EF) speeds (p=0.00). No difference in speed was found between YM and YF (p=0.59) 
or between EM and EF (p=0.95). The parameters extracted directly from the cyclogram allowed us to distinguish 
the studied groups according to age group (p<0.05), especially with the treadmill inclined at 5°, but it was not 
enough to determine gender (p>0.51). Conclusion: The hypothesis was partially confi rmed because parameters 
extracted from the hip-knee cyclograms could differentiate volunteers by age group but not gender.
Keywords Gait, Young adults, Elderly, Gender, Cyclogram.

Introduction
Human gait is a locomotive process where the moving 
erect body is sustained by one leg and later by the 
other leg, with at least one foot touching the ground 
(Inman et al., 1981). It is noted that the ability to 
walk effi ciently and safely is very important to the 
senile population. Gait is learned during the fi rst 
year of life, reaching maturity at approximately 
7 years, and maintaining its performance for up to 
60 years (Prince et al., 1997). It is known that aging is 
accompanied by physiological alterations to the body 
(Daly et al., 2013; El Haber et al., 2008; Kerrigan et al., 
1998; Shumway-Cook et al., 2007) and that there are 
differences in fl exibility (Araújo, 2008) and muscular 
force (Callisaya et al., 2008; Skelton et al., 1994) 
between the genders. However, the impact of changes 
resulting from the aging process in gait and possible 
gender differences are not well understood (Daly et al., 
2013). Therefore, it is necessary to develop tools that 
can provide effective and practical information to 
clinicians to quantify changes in gait to enable early 
and effective medical intervention.

To evaluate gait, a treadmill can be used, allowing 
the collection of data in a small physical space, with 
controlled speeds and inclines, simplicity in video 
capture, and the ability to record several consecutive 
gait cycles (Riley et al., 2007; Watt et al., 2010). Among 
the various tools to characterize biomechanics of gait, 

there are the cyclograms originally proposed by Grieve 
in the 60s (Grieve, 1968). Cyclograms are based on 
closed trajectories and constitute themselves effi cient 
descriptors capable of quantitatively characterizing the 
gait cycle (GC) through the angles produced by two 
joints (Goswami, 1998). Cyclograms have been used 
in several studies, for example, to compare bipedal and 
quadrupedal gaits (Charteris et al., 1979), to identify 
gait patterns of sprinters and middle-distance runners 
(Decker et al., 2007), to evaluate the gradual evolution 
of the cyclogram in ascending and descending slopes 
of a treadmill (Goswami, 1998), to differentiate the 
gait of healthy and hemiparetic people (Mah et al., 
1999), and so forth.

Cyclograms maintain the original spatial 
information, are easy to understand, and are suitable for 
clinical applications. Although there is the loss of 
temporal representation (Barton and Lees, 1997; 
Goswami, 1998), cyclograms have several advantages: 
they enable kinematic analysis during a full GC and 
can intuitively characterize the analyzed system by 
its shape. Additionally, as the gait is a coordinated 
movement of body segments, it is most naturally 
understood when two or more joints are analyzed 
simultaneously rather than in isolation (Cavanagh 
and Grieve, 1973).
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Hip-knee cyclograms represent nearly all the 
movements of the body (trunk, thigh, and leg) and 
therefore can provide useful parameters to help 
differentiate several types of gait (Barton and Lees, 
1997). Although it is known that the variability of 
step width, stride length, and speed can identify, in 
kinematic terms, the young and old (Hamacher et al., 
2011), this study seeks to identify new parameters, 
such as cyclogram area and perimeter in relation to age 
group and gender, for the discrimination of patterns of 
physiological and pathological gait, supporting clinical 
practice. Thus, the hypothesis of this study was that 
parameters extracted from the hip-knee cyclograms 
could identify the age and sex of volunteers walking 
on a treadmill with slopes of 0° to 5°.

Methods
Data collection for this study was performed at the 
Biomechanics Lab of the Faculty of Physical Education 
(FAEFI) at the Federal University of Uberlandia (UFU) 
Centre for Sports Excellence (CENESP). The Ethical 
Research Committee of the Federal University of 
Uberlandia approved this study (CEP/UFU 414/10).

The sample consisted of forty (40) healthy 
volunteers with an equal number of both genders, i.e., 
able to maintain their independence, self-determination, 
and autonomy, even if they had one or more chronic 
disease (Veras, 2009) and who regularly practiced 
physical exercises. The eligibility criteria adopted 
for this study are as follows: healthy and independent 
young and elderly people, without limitations to 
daily activities; have an absence of injury, trauma, 
fractures, or lower limb surgery that altered gait; 
body mass index - BMI < 30 kg/m2; absence of 
postural hypotension, vestibular disorders during the 
test, and muscle strength score greater than 3 in the 
examined muscles; a Berg Balance Scale (BBS) score 
greater than or equal to 41; absence of cardiovascular 
disorders, rheumatologic, or neurologic diseases 
with motor sequels; and agreeing to participate in 
the study, signing the informed consent forms for 
participation in research.

A sample size calculation was performed using 
the Action tool version 2.6 integrated with Excel 
software. To this end, we considered a difference of 
350 degrees2 in cyclogram area and a significance 
level of 5%. The results indicated a sample size 
(n) of 10 subjects per group was needed. Thus, the 
volunteers were divided into 4 groups: young male 
group (YM) (n = 10), young female group (YF) 
(n = 10), elderly male group (EM) (n = 10), and elderly 
female group (EF) (n = 10). The elderly groups were 
participants in the AFRID Project (Group of Physical 

and Recreational Activities for the Elderly), run by 
the Faculty of Physical Education and Physiotherapy 
(FAEFI). The young groups were formed by volunteers 
with the following feature: aged 18 to 30 (average 
21.70 ± 3.06 years); mass (65.09 ± 11.97 kg); height 
(1.70 ± 0.10 m) and BMI (22.52 ± 2.67 kg/m2). 
The elderly groups were formed by volunteers with 
the following features: aged 60 and older (average 
68.95 ± 6.72 years); mass (67.17 ± 10.66 kg); height 
(1.63 ± 0.84 m) and BMI (25.17 ± 2.96 kg/m2).

The volunteers underwent a physical assessment, 
followed by application of the BBS to determine the 
risk factors associated with loss of independence and 
falls in the elderly (Whitney et al., 2003). Finally, 
the muscle strength of the hip (flexors, extensors, 
and rotators) and knee (flexors and extensors) were 
examined using manual muscle strength testing of the 
Oxford scale, with scores of 0-5 (Kendall et al., 2007).

Each volunteer then walked freely on a treadmill 
during an adjustment period with no pre-set time. After 
this, the speed of comfort (self-selected speed) was 
determined. For the experiments a treadmill branded 
REEBOK model TR3 Premier Run (Canton, MA, 
USA), 3.0 HP motor, maximum speed 16 km/h, 
variation in inclination 0-15° was used, and the 
canvas scroll was 50 cm wide and 152 cm long. 
Orange markers, 1.0 cm in diameter, were fixed with 
adhesive tape, at the right hemisphere (Figure 1) in 
the following anatomical prominences: hip’s greater 
trochanter, knee’s lateral epicondyle, and ankle’s lateral 
malleolus. Members symmetry was considered for the 
knee and hip joints (Forczek and Staszkiewicz, 2012).

Later, the volunteers walked on a treadmill at the 
self-selected speed, with a slope of 5° for 3 minutes, 
followed by a break for the same period. This procedure 
was then repeated without the incline. The slope of 

Figure 1. Marker positions on the right side.
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0° was assumed to represent the gait on land without 
gradient, and that of 5° was used to represent a likely 
inclined slope to be found in everyday life, according 
to the Brazilian Association of Technical Standards 
(ABNT) in the Brazilian Technical Standard (NBR) 
9050 (Associação…, 2004).

For kinematic measurements, an HD webcam 
(Microsoft brand, model LifeCam Studio) with 
a resolution of 1280 x 720 pixels was used. The 
movement was recorded in the sagittal plane at 30 
frames/second while the individual was walking on 
the treadmill. Measurements of the angles of flexion-
extension of the hip and knee on the right leg were 
made in the coordinate system that originates in the 
knee joint (Ellermeijer and Heck, 2003), as observed 
in Figure 2, and recorded with the video tool of Coach 
6 software (CMA/AMSTEL©, Amsterdam, Holland).

For kinematic analysis, 8 strides with no incline 
and 8 strides with a 5° incline were selected for 
each volunteer. For each stride, hip and knee angles 
were determined, and the following parameters were 
calculated: gait speed, cadence, cyclogram area (A) 
and perimeter (P), and P/√A. The hip-knee cyclogram 
graphically shows the relationship between the 
angles of these joints throughout the GC (Figure 3). 
The initial and final points of the cyclogram may be 
slightly different due to frames considered in the video 
analysis and/or variations between strides, causing 
the trajectories not to close perfectly.

The Shapiro-Wilk normality test was applied to 
all variables. For normally distributed variables the 
analysis of variance with a criterion (one-way ANOVA) 
was employed, followed by a post hoc Tukey test. In 
cases that lack normality, the Kruskal-Wallis test was 
applied. The level of significance was set at 0.05 for 
all statistical tests.

Results
Table 1 shows average values for group speed and 
cadence, and Table 2 shows that the YM speed was 
greater than that of EM and that the YF speed was 
also greater than that of EF. No significant differences 
were found between the YM and YF groups or the 
EM and EF groups. The YM cadence was greater than 
the EM cadence when the treadmill was not inclined.

When considering a closed cyclogram, there 
are three relevant geometric aspects: A, P, and the 
dimensional ratio P/√A (Goswami, 1998). It is noted 
that there were no significant differences between Figure 2. Joint Angles. Adapted from Ellermeijer and Heck (2003).

Figure 3. Kinematic gait analysis in Coach 6 with plotting of cyclogram.
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groups for the P/√A variable (Table 2). However, when 
comparing the cyclogram perimeter with the treadmill 
at 5°, the YM perimeter was 14.70% greater than that 
of the EM and the YF perimeter was 14.33% greater 
than that of the EF (Table 2; Table 3). Meanwhile, 
there were no significant differences between male and 
female volunteers from the same age group. (Table 2)

When comparing cyclograms of the different 
groups when the treadmill was flat, the YM area was 
37.58% greater than that of the EM. At a 5° incline, 
the YM area was measured to be 39.33% greater than 
that of the EM and the YF area was 31.89% greater 
than that of the EF (Figure 4; Table 2). However, 
when observing the same age group, there were no 
statistically significant differences between genders 
(Table 2).

When comparing the different age groups, gait 
differences were found in the parameters extracted 
from the cyclograms, especially when the treadmill 
was positioned at a 5° incline. Significant differences 
were found in the area between groups YM and EM 
at both inclines and between groups YF and EF with 
the incline at 5°. As for the perimeter, statistically 
significant differences were found with the treadmill 
at 5° between groups YM and EM and between 
groups YF and EF.

Discussion
The hypothesis this study was based on is that 
parameters extracted from hip-knee cyclograms 
can identify the age and sex of volunteers who are 
walking on a treadmill with slopes of 0° to 5°. The 
results partially confirm this hypothesis because 

Table 1. Mean values and standard deviation of group speed and cadence.

Group Speed (km/h)
Cadence (steps/min)

0° Angle 5° Angle 
YOUNG MALE 3.88 ± 0.45 103.22 ± 2.20 102.4 ± 2.51
YOUNG FEMALE 3.58 ± 0.59 102.88 ± 2.63 101.64 ± 2.45
ELDERLY MALE 2.58 ± 0.51 89.76 ± 3.75 93.64 ± 3.16
ELDERLY FEMALE 2.71 ± 0.56 100.58 ± 3.01 102.52 ± 3.59

Table 2. Group comparison between cyclogram parameters, speed, and cadence in treadmill walking without inclination (angle 0°) and tilted 
(5° angle) using variance analysis (ANOVA) with one factor and post-hoc Tukey test (p < 0.05).

GROUP
AREA PERIMETER P/√A

p (ang 0°) p (ang 5°) p (ang 0°) p (ang 5°) p (ang 0°) p (ang 5°)
YM-YF 0.939 0.911 0.931 0.993 0.9341 0.942
YM-EM 0.018* 0.004* 0.061 0.041* 0.3731 0.603
YF-EF 0.081 0.011* 0.052 0.044* 0.9981 0.977
EM-EF 0.622 0.735 0.953 0.990 0.6161 0.508

GROUP
SPEED CADENCE

p (ang 0°) p (ang 5°) p (ang 0°) p (ang 5°)
YM-YF 0.591 0.591 1.00 0.998
YM-EM 0.000* 0.000* 0.015* 0.179
YF-EF 0.004* 0.004* 0.946 0.997
EM-EM 0.947 0.947 0.065 0.169
*Statistically significant difference in groups. 1Non-normal distribution. Kruskal-Wallis test was used, with significance level of 5%.

Table 3. Mean values of cyclogram area and perimeter.

Area (degrees2) Perimeter (degrees)
Young Male Ang 0° 1257.07 ± 158.50 160.26 ± 14.89

Ang 5° 1268.65 ± 177.11 160.04 ± 12.50
Young Female Ang 0° 1320.47 ± 214.24 165.00 ± 17.17

Ang 5° 1332.84 ± 209.63 162.04 ± 15.65
Elderly Male Ang 0° 913.75 ± 211.17 139.71 ± 16.19

Ang 5° 910.53 ± 188.79 139.46 ± 14.91
Elderly Female Ang 0° 1047.56 ± 356.47 143.84 ± 21.64

Ang 5° 1010.50 ± 279.97 141.70 ± 21.72
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there were differences in these parameters based on 
age but not gender.

The elderly gait speed was 28% slower than that 
of the young. These data are consistent with studies 
in which the average self-selected gait speed was 
20% lower for the elderly than that of the young 
(Elble et al., 1991). When comparing the gait of 
healthy individuals at different speeds, the perimeter 
and area have an almost linear relationship with the 
average gait speed, but the relationship P/√A remains 
approximately constant (Goswami, 1998). The results 
in this paper support this premise because there 
were no statistically significant differences in the 
P/√A ratio amongst groups (Table 2). Additionally, 
linearity between average speed, cyclogram perimeter, 
and area were also verified as the slower elderly 
speeds produced cyclograms with a smaller area 
and perimeter. Conversely, the young’s greater speed 
implied cyclograms with a greater area and perimeter.

Gait can be represented in a simplified manner 
through the location of the hip-knee coordinates in 
a plane (Goswami, 1998), allowing cyclograms with 
different geometric configurations. The shape of the 
cyclogram can provide a more complete picture, 
associating speed, movement amplitude (MA), area 
and perimeter simultaneously, thus presenting a 
better overview of the hip and knee characteristics 
during the gait cycle. It is known that in pathological 
conditions, such as hip and knee osteoarthritis, there 
is a reduction in gait speed (Magalhães et al., 2013; 
Mündermann et al., 2004; Watelain et al., 2001) that 
alters the geometric configuration of the cyclogram. 
Therefore, gait analysis through cyclograms can 
facilitate the classification and grading of osteoarthritis.

It is known that the movement amplitude of knees 
is influenced by age. According to Ostrosky et al. 
(1994), who evaluated MA in the gait of 30 young 
individuals (15 of each gender) and 30 elderly (15 of 
each gender), the senile group presented lower values 
in knee extension (Ostrosky et al., 1994). Data analysis 
shows that the young had greater cyclogram areas than 
the elderly, leading to greater mobility in that group 
(Goswami, 1998). The decline in flexibility of the 
elder population may be due to tendon and ligament 
stiffness and joint capsules due to deficiencies in 
collagen (Shephard, 2003). Moreover, there is also 
accentuated loss of muscle strength in the elderly 
(Kwon et al., 2001; van der Krogt et al., 2012) that 
can also impact MA reduction (Guccione, 2002). 
So, slower self-selected speeds were associated with 
smaller MA in the elderly, resulting in a reduction in 
cyclogram perimeter and area. Although there were 
only statistically significant differences in the area 
between the YM and EM when the treadmill was 
raised to a 5° incline, there was a strong trend in that 
direction between the YF and EF. This trend was 
similarly observed in the perimeter between the YM 
and EM and also between the YF and EF.

According to Araújo (2008), women exhibit 
more flexibility than men from the age of five (5%), 
with the difference being accentuated after puberty 
(approximately 10 to 15%), and progressively 
increasing in elderly (20%) (Araújo, 2008). However, 
the cyclogram analysis performed in this study was not 
effective at identifying male and female cyclograms in 
the same age group because no significant differences in 
the cyclogram parameters were found. It was observed 
that in the same age group, there was no difference 

Figure 4. Average area of cyclograms at both slopes.
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based on gender in any of the studied variables (as 
shown in Table 2 and Table 3). Males, although less 
flexible, have greater muscular strength than females 
(Hannah et al., 2012; Inglis et al., 2013) and can 
compensate for their reduced flexibility with their 
greater muscular strength, keeping the their MA and 
cyclogram parameters similar to those of the female 
group. It is therefore suggested that parameters with 
greater mathematical complexity, such as excentricity 
and cyclogram moments (Goswami, 1998), are needed 
to differentiate gait by gender.

Although the hip-knee cyclogram analysis could 
not be used for gender identification of the volunteers, 
the hip-knee cyclogram developed in this study was a 
useful method for simple and practical gait analysis. 
The investigation of the A, P, and P/√A ratio allowed 
the classification of subjects by age group, especially 
at a 5° incline. However, it is believed that gender 
identification may be achieved by employing more 
advanced data processing techniques, for example, 
artificial intelligence tools such as neural networks 
(Barton and Lees, 1997; Kutilek and Farkasova, 2011). 
Another possibility would be to use more sophisticated 
instruments to enable three-dimensional gait analysis 
and, consequently, the search for new parameters to 
determine gender.

The reduced number of cameras used, two-
dimensional analysis, the number of angles of the 
treadmill, and the joints examined can be considered 
limitations of this study. However, despite these 
limitations, this study was able to differentiate the 
gait between individuals from two age groups when 
they were walking on a 5° inclined treadmill. Another 
limitation to be considered is the adoption of different 
self-selected speeds for each subject, although this 
procedure was used in several previous studies found 
in the literature (Borghese et al., 1996; Kutilek and 
Farkasova, 2011).

Finally, it should be noted that quantitative gait 
analysis is currently limited, with very few exceptions, 
to research laboratory environments due to the high 
cost of the equipment used. This study sought to 
provide an affordable quantitative tool that although 
lacking in the temporal dimension, allows greater 
simplicity and provides a quick method of data analysis 
enabling its use in guiding health professionals in the 
characterization of simplified gait, supporting clinical, 
surgical, and therapeutic monitoring.
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