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ABSTRACT
In a typical clinical gait analysis, the gait patterns of pathological individuals are
commonly compared with the typically faster, comfortable pace of healthy subjects.
However, due to potential bias related to gait speed, this comparison may not be valid.
Publicly available gait datasets have failed to address this issue. Therefore, the goal of
this study was to present a publicly available dataset of 42 healthy volunteers (24 young
adults and 18 older adults) whowalked both overground and on a treadmill at a range of
gait speeds. Their lower-extremity and pelvis kinematics were measured using a three-
dimensional (3D) motion-capture system. The external forces during both overground
and treadmill walking were collected using force plates and an instrumented treadmill,
respectively. The results include both raw and processed kinematic and kinetic data
in different file formats: c3d and ASCII files. In addition, a metadata file is provided
that contain demographic and anthropometric data and data related to each file in
the dataset. All data are available at Figshare (DOI: 10.6084/m9.figshare.5722711). We
foresee several applications of this public dataset, including to examine the influences
of speed, age, and environment (overground vs. treadmill) on gait biomechanics, to
meet educational needs, and, with the inclusion of additional participants, to use as a
normative dataset.

Subjects Bioengineering, Neuroscience, Kinesiology
Keywords Gait, Biomechanics, Kinematics, Kinetics, Human movement

INTRODUCTION
Gait analysis (GA) has been widely used to better understand the gait patterns of a wide
range of populations. The application of this method has the ability to distinguish between
normal and abnormal gaits (Gage et al., 2009), to determine the best intervention (Kay et
al., 2000; Lofterod et al., 2007; Wren et al., 2011), and to detect pathologies at subclinical
stages (Carpinella et al., 2007; Rao et al., 2008). These measures are objective and are
typically performed using a three-dimensional (3D) motion-capture system and force
plates.

A typical clinical study commonly approaches GA by comparing a group of pathological
(e.g., post-stroke) individuals with able-bodied controls. However, the control group
usually consists of a small number of age-matched individuals, eachwalking at a comfortable
speed, which is commonly faster than that of individuals in the pathological group
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(Marrocco et al., 2016). Therefore, the validity of these studies is limited by the potential
bias caused by the difference in gait speeds. A possible solution to this problem is to
perform walking trials at a wider range of gait speeds, from very slow to very fast, to
enable comparisons that are less biased. Previous studies have reported speed dependency
in kinematics and kinetics data during overground walking (Bovi et al., 2011; Schwartz,
Rozumalski & Trost, 2008). However, the authors of these studies provided only the
average (and standard deviation) data across participants, and no raw data were publicly
available with which to validate the inferences made by the studies. In fact, recently,
data sharing and increased acceptance of replication studies have been advocated to
overcome the aforementioned limitations and to validate the inferences made by previous
gait studies (Ferber et al., 2016; Knudson, 2017). Unfortunately, so far, only a handful of
walking biomechanics datasets have been made publicly available (Hnat, Moore & Van den
Bogert, 2015; Hodgins, 2015; Kirtley, 2014; Moore, Hnat & Van den Bogert, 2014; Willson &
Kernozek, 2014).

Furthermore, other studies have advocated the need to share data and the importance
of a normative database (Winter, 1993) to improve the interpretation of GA outcomes. In
the early 1990s, Winter began to make gait datasets available in his book (Winter, 2009);
however, the only data provided were those of a single healthy subject. A few other gait
normative datasets are available in the literature (Fukuchi, Fukuchi & Duarte, 2017;Moore,
Hnat & Van den Bogert, 2015; Van den Bogert et al., 2013; Wang & Srinivasan, 2014), and
although these datasets are valuable for a wide range of applications, their usefulness is
lessened because they are usually limited to a single type of data (e.g., kinematics data), one
walking surface (either overground or treadmill), and one gait speed (e.g., a self-selected
speed).

To address these limitations, this study aimed to create a publicly available dataset of
3D walking kinematics and kinetics data on healthy young and older adults at a range of
gait speeds in both the treadmill and overground environments.

METHODS
To generate data for the dataset, we measured the kinematics and kinetics of participants
walking at various speeds both overground and on a treadmill.

Participants
Study participants included 42 volunteers, including 24 young adults (age 27.6± 4.4 years,
height 171.1 ± 10.5 cm, and mass 68.4 ± 12.2 kg) and 18 older adults (age 62.7 ±
8.0 years, height 161.8± 9.5 cm, and mass 66.9± 10.1 kg). All participants were free of any
lower-extremity injury in the last six months before the data were collected, and all were
free of any orthopedic or neurologic disease that could interfere with their gait patterns.
In order to train with the equipment and design appropriate procedures, a pilot study was
conducted first with five participants. The providedmetadata file, WBDSinfo.xlsx, contains
the demographic and anthropometric data of the participants. Prior to the collection of
data, each participant read and signed a consent form that had previously been approved
by the university ethics committee (CAAE: 53063315.7.0000.5594).
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Data acquisition
Standard gait-analysis procedures were employed to collect data using a motion-capture
system that had 12 cameras (Raptor-4; Motion Analysis Corporation, Santa Rosa, CA,
USA), five force platforms (three 40 × 60-cm Optima models; AMTI, Watertown, MA,
USA; two 40 × 60-cm 9281EA models; Kistler, Winterthur, Switzerland) embedded in
the floor, and a dual-belt, instrumented treadmill (FIT; Bertec, Columbus, OH, USA) in
a 10 × 12-m room at the Laboratory of Biomechanics and Motor Control at the Federal
University of ABC, Brazil. The instrumented treadmill has handrails alongside it attached
directly to split mounting plates. Therefore, while the subjects may hold the handrails
during gait, the measured forces include only the forces applied by the legs during stance.
The kinematic data were acquired at 150 Hz, and the data on ground-reaction forces were
acquired at 300 Hz using a motion-capture system (Cortex 6.0; Motion Analysis, Santa
Rosa, CA, USA).

Procedures
All gait trials were performed in barefoot conditions, and the participants wore comfortable
shorts (women also wore sports bras). Each participant was asked to perform overground
walking trials, first at a self-selected comfortable speed, and then at speeds 30% faster
and 30% slower than the comfortable speed. In addition, the participants walked on
the treadmill at eight different controlled speeds, which are described below. Previously,
a computerized random-number generator had been used to define the order of the
walking trials on the treadmill. The marker-set protocol adopted for this study comprised
26 anatomical reflective markers (Leardini et al., 2007), and additional markers were
used on the iliac crests to enable future data users to define alternative anatomical
and technical coordinate systems for the pelvis (Kisho Fukuchi et al., 2010) (see Table
1 in the Supplementary material). The following data-collection procedures were
implemented.

1. Prior to data collection, each participant received a brief explanation of the study and
signed the consent form.

2. Body height and body mass were measured.
3. Leg length was measured by assessing the distance from the anterior superior iliac spine

(ASIS) to the ipsilateral medial malleolus while the participant lay in a supine position.
4. Markers were placed directly onto the skin in the pelvic and lower-extremity segments

(Leardini et al., 2007) (Fig. 1).
5. A standing anatomical-calibration trial was performed with the participant standing

still for 1 s with the arms crossed in front of the trunk and the feet in a standard position
parallel to the X-axis of the laboratory coordinate system (LCS) (Fukuchi, Fukuchi &
Duarte, 2017). A template was used to ensure that the long axes of the feet were aligned
with the X-axis of the LCS.

6. After the calibration trial, the medial epicondyle, medial malleolus, and second
metatarsal head markers were removed from the right and left foot.
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Figure 1 Marker-set protocol. Location of reflective markers for the pelvis segment and lower extremi-
ties during the static condition in the anterior (A) and posterior (B) views. During the walking trials, the
markers shown in black were removed.

Full-size DOI: 10.7717/peerj.4640/fig-1

7. To determine each participant’s comfortable speed, after a familiarization period, gait
speed was measured during three walking trials along a 10-m walkway from start and
end at rest, at the participant’s self-selected comfortable speed. The average speed from
across these trials was deemed the comfortable speed.

8. To determine the dimensionless gait speed, the Froude number, v∗, was calculated
based on the participant’s average self-selected comfortable speed, v , and leg length, l0,
(Hof, 1996):
v∗= v/

√
gl0, where g is 9.81 m/s2.

9. Participants first performed overground walking trials at their self-selected comfortable
speed, and then at speeds 30% faster and 30% slower than their comfortable speed.

10. After this, they were asked to walk on the treadmill, and the following protocol was
performed.
a. To familiarize themselves with the treadmill speed, participants walked at their

comfortable speed for 5 min.
b. Then, each participant walked for 90 s at each of the eight gait-speed conditions

(40%, 55%, 70%, 85%, 100%, 115%, 130%, and 145% of the self-selected
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dimensionless speed (Froude number)) in a randomized order. At each speed,
the kinematic and kinetic data were recorded for the last 30 s of the trial. During
the gait trials, the participants were asked to walk naturally and were allowed to
hold the handrails of the treadmill if necessary.

11. After the treadmill task, each participant’s overall perceived exertion was measured
using the Borg (6–20) Perceived Exertion Scale (Utter et al., 2004).

Data processing
The data processing was performed using Cortex software version 6.0 (Motion Analysis,
Santa Rosa, CA, USA) using procedures similar to those previously reported by Fukuchi,
Fukuchi & Duarte (2017).

Visual 3D software version 6.00.33 (C-motion Inc., Germantown, MD, USA) was used
to perform all kinematics and kinetics calculations. To enable users to process the data
in the Visual 3D software, a Visual 3D pipeline file, WBDSpipelineV3D.v3s, is available
at Figshare (DOI: 10.6084/m9.figshare.5722711). In addition, a metadata file in .xlsx
format, WBDSinfo, contains the data related to the treadmill and overground files. The
analysis of the overground trials considered only those files that contained at least one
full gait cycle (stance and swing phase) detected using force plates. However, further trials
(i.e., incomplete gait cycles) are provided so that prospective users can decide what data to
consider in their own analyses. In all, 1,409 trials (right side: 657; left side: 752) contained
a full gait cycle, and 1,233 trials (right side: 685; left side: 548) contained only the stance
phase of the gait. The public dataset consists of raw c3d files and ASCII files containing
both 3D marker coordinates and external forces. In addition, time-normalized kinematic
and kinetic average curves, which were considered processed data, were calculated for each
participant for each walking condition tested (overground and treadmill at various gait
speeds).

RESULTS
Raw data
The files containing the raw data are available at Figshare (DOI: 10.6084/m9.figshare.
5722711) in both c3d format and ASCII file format. The c3d files can store both the 3D
coordinates of the markers (mkr) and the force signals (grf) in the same file. Separate
text files were generated for the markers and force signals, as the sample frequencies of
the kinematics and kinetics data differed. In addition, the data related to the static trial
(the standing anatomical-calibration trial), which contain only marker trajectories, are
available in both the c3d and the text formats. The metadata file, WBDSinfo.xlsx, provides
a full description of these files. Furthermore, the text files also contain the time-normalized
ensemble average of the kinematics and kinetics curves for each participant at each gait
speed and for each environment condition (overground and treadmill). The total number
of gait trials is not the same across participants because it reflects the variation in the
number of valid trials per participant.
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The files provided are labeled ‘‘WBDS’’, which stands forWalking Biomechanics Dataset;
‘‘xx’’, for the participant’s assigned number (from 01 to 42); and ‘‘walk’’, for the walking
task. After this labeling, the following specific notations are used.

• Environment: ‘‘O’’ for overground and ‘‘T’’ for treadmill.
• Trial: ‘‘yy’’ indicates the trial number assignment for the overground condition only.
• Speed: ‘‘01’’ to ‘‘08’’, which corresponds to the treadmill trials at 40%, 55%, 70%,
85%, 100%, 115%, 130%, and 145% of the self-selected, dimensionless speed (Froude
number); and ‘‘S’’, ‘‘C’’, or ‘‘F’’, which correspond to the slow, comfortable, and fast
speeds for the overground trials.

For example, a file named ‘‘WBDS01walkO01Smkr.txt’’ indicates that the file contains
the marker-coordinate (mkr) data of the first participant performing the first overground
trial at the slowest speed. Similarly, ‘‘WBDS01walkT01mkr.txt’’ indicates that the file
contains the marker-coordinate (mkr) data of the first participant walking at the treadmill
speed corresponding to 40% of the self-selected dimensionless speed. The c3d files contain
the 3D coordinates of the 28 markers in the static trial (for example, WBDS01static1.c3d)
and the coordinates of the 22 markers and the force data during the walking trials (for
example,WBDS01walkT01.c3d). The force data during thewalking trials were also provided
as plain-text files consisting of a time column (nth frame number), the forces (Fx , Fy , and
Fz in Newtons), the center of pressure (COPx, COPy, and COPz in mm), and the free
moment about the vertical axis (Ty in Nm). The force-data files regarding the overground
condition contain 36 columns corresponding to the time column along with the data from
the five force plates. In contrast, the force-data files regarding the treadmill condition
contain 15 columns corresponding to the time column along with the data from the two
force plates (left and right belt). An example of a MATLAB code demonstrates on how to
read the data from these files and on how to conduct an exploratory data analysis.

Metadata
A metadata file named WBDSinfo.xlsx is available at Figshare and contains the following
data in various columns (the bold word in each of the following items corresponds to the
heading of a column).
1. Subject: the index of the subject (from 01 to 42).
2. FileName: the filename of the walking trial (WBDSxx, where xx identifies the

participant), including the format extensions (*.c3d or *.txt).
3. AgeGroup: the ‘‘Young’’ or ‘‘Older’’ group.
4. Age: the participant’s age in years.
5. Height: the participant’s height in centimeters, measured with a calibrated stadiometer.
6. Mass: the participant’s body mass in kilograms, measured with a calibrated scale.
7. Gender: the participant’s gender (M or F).
8. Dominance: preferred leg for kicking a ball (R or L).
9. LegLength: leg length in centimeters (the average of the two legs).
10. Static1:whether the corresponding walking trial was assigned (Yes or No) to the Static1

file.
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Figure 2 Angular kinematics during treadmill walking. Ensemble averages across Young group
participants of the pelvic tilt (A), pelvic obliquity (B), pelvic rotation (C), hip flexion/extension (D), hip
add/abduction (E), hip int/external rotation (F), knee flx/extension (G), knee add/abduction (H), knee
int/external rotation (I), ankle dorsi/plantarflexion (J), ankle inv/eversion (K), ankle add/abduction (L),
foot DF/plantarflexion (M), foot inv/eversion (N), and foot int/external rotation (O) angles during the
treadmill walking condition. Each waveform represents a walking speed (light blue= T01, through dark
blue= T08). The comfortable speed (T05) is represented by the dashed line.

Full-size DOI: 10.7717/peerj.4640/fig-2

11. Static2: whether the corresponding walking trial was assigned (Yes or No) to the
Static2 file. The Static2 was performed due to technical issues (e.g., markers dropping
off during the session, markers needing to be repositioned, etc.).

12. GaitSpeed: the walking velocity at each trial (m/s).
13. TreadHands: whether the participant walked while hanging onto the treadmill

handrails during the whole walking trial (Yes) or not at all (No).
14. FP_RightFoot: the force-plate number that the participant hit with the right foot.
15. FP_LeftFoot: the force-plate number that the participant hit with the left foot.

Fukuchi et al. (2018), PeerJ, DOI 10.7717/peerj.4640 7/17

https://peerj.com
https://doi.org/10.7717/peerj.4640/fig-2
http://dx.doi.org/10.7717/peerj.4640


Figure 3 Angular kinematics during overground walking. Ensemble averages across Young group
participants of the pelvic tilt (A), pelvic obliquity (B), pelvic rotation (C), hip flexion/extension (D), hip
add/abduction (E), hip int/external rotation (F), knee flx/extension (G), knee add/abduction (H), knee
int/external rotation (I), ankle dorsi/plantarflexion (J), ankle inv/eversion (K), ankle add/abduction (L),
foot DF/plantarflexion (M), foot inv/eversion (N), and foot int/external rotation (O) angles during the
overground walking condition. Each waveform represents a walking speed (light blue= slow, through
dark blue= fast). The comfortable speed (Comf) is represented by the dashed line.

Full-size DOI: 10.7717/peerj.4640/fig-3

16. Notes: text strings with any notes about the treadmill or the overground trials (‘‘–’’ if
the trial has no notes). Ex: ‘‘FP3 signal presented offset’’.

17. BorgScale: the corresponding Borg Scale value.
In total, in both the c3d and txt formats, the WBDSinfo.xlsx file has 17 columns and

6,916 rows, corresponding to the total number of trials; the rows represent the static trial
(*static1), the eight trials on the treadmill (*walkT01–T08), and the overground trials at
the slow (*S), comfortable (*C), and fast (*F) speeds. The processed files of kinematics
(*ang.txt) and kinetic (*knt.txt) data are also included. The number of rows varies for each
participant, depending on the number of overground trials.
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Figure 4 Joint moments during treadmill walking. Ensemble averages across Young group participants
of the hip flexion/extension (A), hip abd/adduction (B), hip ext/internal rotation (C), knee ext/flexion
(D), knee abd/adduction (E), knee ext/internal rotation (F), ankle PF/dorsiflexion (G), ankle ev/inversion
(H), and ankle abd/adduction (I) joint moments during the treadmill walking condition. Each waveform
represents a walking speed (light blue= T01, through dark blue= T08). The comfortable speed (T05) is
represented by the dashed line.

Full-size DOI: 10.7717/peerj.4640/fig-4

Processed data
The ASCII files provide the ensemble average data for each participant throughout the full
gait cycle (101 time-normalized points), which correspond to the time-normalized angles
(pelvis, hip, knee, ankle, and foot), joint moments (hip, knee, and ankle), and GRF forces
in the X , Y , and Z directions.

Data exploration
The following is a partial exploratory analysis of the data. A companion MATLAB code
provides examples of how these data can be explored. The curves shown in this section
represent the ensemble average across all participants at a particular gait speed. The
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Figure 5 Joint moments during overground walking. Ensemble averages across Young group
participants of the hip flexion/extension (A), hip abd/adduction (B), hip ext/internal rotation (C), knee
ext/flexion (D), knee abd/adduction (E), knee ext/internal rotation (F), ankle PF/dorsiflexion (G), ankle
ev/inversion (H), and ankle abd/adduction (I) joint moments during the overground walking condition.
Each waveform represents a walking speed (light blue= slow, through dark blue= fast). The comfortable
speed (Comf) is represented by the dashed line.

Full-size DOI: 10.7717/peerj.4640/fig-5

participants in the Young group (age range: 21–37 years) walked at eight speeds on the
treadmill, whereas in the Older group (age range: 50–84 years), only 12 participants were
able to walk at these eight speeds. To clarify: this section shows only the right leg and the
pelvis curves of the Young group, both when walking overground and on the treadmill.
The time-series curves of the Older group are shown in the Supplementary material.

Joint kinematics
Figures 2 and 3 show the joint angles of the hip, knee, and ankle joints and of the pelvis and
foot segments at the sagittal, frontal, and transverse planes, respectively, during treadmill
and overground walking at various speeds.
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Figure 6 Ground reaction forces. Ensemble averages across Young group participants of the ground re-
action force (GRF) on the treadmill (GRF medial-lateral (A), GRF anterior-posterior (B), and GRF vertical
(C)); and overground (GRF medial-lateral (D), GRF anterior-posterior (E), and GRF vertical (F)) walking
conditions. Each waveform represents a walking speed on the treadmill (light blue= T01, through dark
blue= T08) and overground (light blue= Slow, through dark blue= Fast). The comfortable speed (T05
and Comf) is represented by the dashed line.

Full-size DOI: 10.7717/peerj.4640/fig-6

Joint kinetics
Figures 4 and 5 show joint moments for the hip, knee, and ankle joints during treadmill
and overground walking, respectively, at various speeds.

Ground reaction forces (GRF)
Figure 6 shows GRF data for the medial-lateral, anterior-posterior, and vertical direction
during the treadmill and overground walking conditions at various speeds.

Young vs. older group
We also present an exploratory analysis examining the kinematics patterns at the sagittal
plane of the Young and Older groups at each treadmill walking speed (Fig. 7) and
overground walking speed (Fig. 8).
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Figure 7 Angular kinematics during treadmill walking. Ensemble average± 1 standard-deviation
across participants of the pelvis, hip, knee, and ankle angles for the Young (grey curves) and Older (blue
curves) groups at eight different gait speeds in the treadmill condition.

Full-size DOI: 10.7717/peerj.4640/fig-7

DISCUSSION
This study presents a dataset of treadmill and overground walking kinematics and kinetics
in a range of gait speeds for 24 healthy young individuals and 18 healthy older individuals.
The study also makes available raw data comprising marker trajectories and GRFs and
processed data comprising joint angles and joint moment waveforms that characterize
the gait pattern of each participant. In addition, it makes available a file with metadata
containing demographic data and file-related data, among other relevant data, and general
notes pertaining to the experimental conditions.

Previous walking datasets with kinematics and kinetics data have been published
elsewhere (Moore, Hnat & Van den Bogert, 2015; Van den Bogert et al., 2013). Moore, Hnat
& Van den Bogert (2015) presented the gait data of 15 healthy adults walking at 3 different
speeds, and Van den Bogert et al. (2013) presented the gait data of 12 healthy adults walking
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Figure 8 Angular kinematics during overground walking. Ensemble average± 1 standard-deviation
across participants of the pelvic tilt at the slow (A), comfortable (B), and fast (C) speeds; hip flexion at the
slow (D), comfortable (E), and fast (F) speeds; knee flexion at the slow (G), comfortable (H), and fast (I)
speeds; and ankle dorsiflexion at the slow (J), comfortable (K), and fast (L) speeds angles for the Young
(grey curves) and Older (blue curves) groups during the overground walking condition.

Full-size DOI: 10.7717/peerj.4640/fig-8

at comfortable speeds. Although these studies presented valuable information, the data
provided referred only to young adults walking only on a treadmill. To our knowledge, the
present study is the first to publicly provide a unique set of data that includes both young
and older individuals walking in both overground and treadmill environments at a range
of gait speeds. We foresee that the present dataset will add to the knowledge provided by
previous studies that have examined gait changes related to the walking environment (e.g.,
overground vs. treadmill) (Alton et al., 1998; Parvataneni et al., 2009; Riley et al., 2007),
age-related gait changes (Arnold et al., 2014; DeVita & Hortobagyi, 2000; Muir, Rietdyk
& Haddad, 2014), and gait-speed changes (Chung & Wang, 2010; Hebenstreit et al., 2015;
Kang & Dingwell, 2008) by enabling other groups to further address these issues in gait
research, by, for example, applying various data-analysis techniques.
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We see some limitations in the present dataset. First, the sample size may be insufficient
for the dataset to be considered as reference data for young and older participants. However,
to our knowledge, this is the largest dataset to be made publicly available that includes
diverse types of biomechanics, age, walking-environment, and gait-speed data. Second,
the subjects performed the overground trials in a 10-m walkway due to the dimension
limitation of the laboratory. Therefore, the present results should be interpreted with
cautious since the self-selected gait speeds might have been slightly underestimated,
relative to longer distance trials, as demonstrated by Seethapathi & Srinivasan (2015).
Lastly, five participants in the Older group walked while holding the treadmill’s handrails
(these participants are identified in the file that contains the metadata information), and,
although their biomechanical patterns do not seem to differ from those of the other
participants, this fact should be considered when using the dataset.

CONCLUSIONS
The present study created a public dataset containing raw and processed kinematics and
kinetics data on both overground and treadmill walking trials at a range of gait speeds
in both young and older healthy adults. This dataset may be used to enhance knowledge
related to the influence of age, environment, and walking speed on gait biomechanics. In
addition, it may serve educational needs and, with the inclusion of additional participants,
as normative gait data.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study was supported by Fundação de Amparo à Pesquisa do Estado de São Paulo
from Brazil (#2014/13502-7, #2015/14810-0). The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Fundação de Amparo à Pesquisa do Estado de São Paulo from Brazil: #2014/13502-7, #
2015/14810-0.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Claudiane A. Fukuchi conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, approved the final draft.
• Reginaldo K. Fukuchi conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared
figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

Fukuchi et al. (2018), PeerJ, DOI 10.7717/peerj.4640 14/17

https://peerj.com
http://dx.doi.org/10.7717/peerj.4640


• Marcos Duarte conceived and designed the experiments, analyzed the data, contributed
reagents/materials/analysis tools, authored or reviewed drafts of the paper, approved the
final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Federal University of ABC ethics committee granted ethical approval to carry out
the study within its facilities (CAAE: 53063315.7.0000.5594).

Data Availability
The following information was supplied regarding data availability:

Fukuchi, Claudiane; Fukuchi, Reginaldo; Duarte, Marcos (2018): A public data set of
overground and treadmill walking kinematics and kinetics of healthy individuals. figshare.
Fileset. 10.6084/m9.figshare.5722711.v2.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.4640#supplemental-information.

REFERENCES
Alton F, Baldey L, Caplan S, Morrissey MC. 1998. A kinematic comparison of over-

ground and treadmill walking. Clinical Biomechanics 13:434–440
DOI 10.1016/S0268-0033(98)00012-6.

Arnold JB, Mackintosh S, Jones S, Thewlis D. 2014. Differences in foot kinemat-
ics between young and older adults during walking. Gait Posture 39:689–694
DOI 10.1016/j.gaitpost.2013.09.021.

Bovi G, Rabuffetti M, Mazzoleni P, FerrarinM. 2011. A multiple-task gait analysis
approach: kinematic, kinetic and EMG reference data for healthy young and adult
subjects. Gait Posture 33:6–13 DOI 10.1016/j.gaitpost.2010.08.009.

Carpinella I, Crenna P, Calabrese E, Rabuffetti M, Mazzoleni P, Nemni R, Ferrarin
M. 2007. Locomotor function in the early stage of Parkinson’s disease. IEEE
Transactions on Neural Systems and Rehabilitation Engineering 15:543–551
DOI 10.1109/TNSRE.2007.908933.

ChungMJ,WangMJ. 2010. The change of gait parameters during walking at different
percentage of preferred walking speed for healthy adults aged 20–60 years. Gait
Posture 31:131–135 DOI 10.1016/j.gaitpost.2009.09.013.

DeVita P, Hortobagyi T. 2000. Age causes a redistribution of joint torques and powers
during gait. Journal of Applied Physiology 88:1804–1811
DOI 10.1152/jappl.2000.88.5.1804.

Ferber R, Osis ST, Hicks JL, Delp SL. 2016. Gait biomechanics in the era of data science.
Journal of Biomechanics 49:3759–3761 DOI 10.1016/j.jbiomech.2016.10.033.

Fukuchi et al. (2018), PeerJ, DOI 10.7717/peerj.4640 15/17

https://peerj.com
https://doi.org/10.6084/m9.figshare.5722711.v2
http://dx.doi.org/10.7717/peerj.4640#supplemental-information
http://dx.doi.org/10.7717/peerj.4640#supplemental-information
http://dx.doi.org/10.1016/S0268-0033(98)00012-6
http://dx.doi.org/10.1016/j.gaitpost.2013.09.021
http://dx.doi.org/10.1016/j.gaitpost.2010.08.009
http://dx.doi.org/10.1109/TNSRE.2007.908933
http://dx.doi.org/10.1016/j.gaitpost.2009.09.013
http://dx.doi.org/10.1152/jappl.2000.88.5.1804
http://dx.doi.org/10.1016/j.jbiomech.2016.10.033
http://dx.doi.org/10.7717/peerj.4640


Fukuchi RK, Fukuchi CA, Duarte M. 2017. A public dataset of running biomechanics
and the effects of running speed on lower extremity kinematics and kinetics. PeerJ
5:e3298 DOI 10.7717/peerj.3298.

Gage JR, Schwartz MH, Koop SE, Novacheck TF. 2009. The identification and treatment
of gait problems in cerebral palsy. London: Mac Keith Press.

Hebenstreit F, Leibold A, Krinner S, Welsch G, LochmannM, Eskofier BM. 2015. Effect
of walking speed on gait sub phase durations. Human Movement Science 43:118–124
DOI 10.1016/j.humov.2015.07.009.

Hnat SK, Moore JK, Van den Bogert AJ. 2015. Command treadmill motions for pertur-
bation experiments. Available at https:// zenodo.org/ record/16064#.WtU4U62ZPBI .

Hodgins J. 2015. CMU graphics lab motion capture database. Available at http://mocap.
cs.cmu.edu.

Hof AL. 1996. Scaling gait data to body size. Gait & Posture 4:222–223
DOI 10.1016/0966-6362(95)01057-2.

Kang HG, Dingwell JB. 2008. Separating the effects of age and walking speed on gait
variability. Gait Posture 27:572–577 DOI 10.1016/j.gaitpost.2007.07.009.

Kay RM, Dennis S, Rethlefsen S, Skaggs DL, Tolo VT. 2000. Impact of postoperative
gait analysis on orthopaedic care. Clinical Orthopaedics and Related Research
374:259–264.

Kirtley C. 2014. CGA normative gait database. Available at http://www.clinicalgaitanalysis.
com/data/ .

Kisho Fukuchi R, Arakaki C, Veras Orselli MI, Duarte M. 2010. Evaluation of alter-
native technical markers for the pelvic coordinate system. Journal of Biomechanics
43:592–594 DOI 10.1016/j.jbiomech.2009.09.050.

Knudson D. 2017. Confidence crisis of results in biomechanics research. Sports Biome-
chanics 16:425–433 DOI 10.1080/14763141.2016.1246603.

Leardini A, Sawacha Z, Paolini G, Ingrosso S, Nativo R, Benedetti MG. 2007. A new
anatomically based protocol for gait analysis in children. Gait Posture 26:560–571
DOI 10.1016/j.gaitpost.2006.12.018.

Lofterod B, Terjesen T, Skaaret I, Huse AB, Jahnsen R. 2007. Preoperative gait analysis
has a substantial effect on orthopedic decision making in children with cerebral
palsy: comparison between clinical evaluation and gait analysis in 60 patients. Acta
Orthopaedica 78:74–80 DOI 10.1080/17453670610013448.

Marrocco S, Crosby LD, Jones IC, Moyer RF, Birmingham TB, Patterson KK. 2016.
Knee loading patterns of the non-paretic and paretic legs during post-stroke gait.
Gait Posture 49:297–302 DOI 10.1016/j.gaitpost.2016.07.019.

Moore JK, Hnat SK, Van den Bogert A. 2014. An elaborate data set on human gait and
the effect of mechanical perturbations. Available at https:// zenodo.org/ record/13030-
Wi76L62ZPBI .

Moore JK, Hnat SK, Van den Bogert AJ. 2015. An elaborate data set on human gait and
the effect of mechanical perturbations. PeerJ 3:e918 DOI 10.7717/peerj.918.

Fukuchi et al. (2018), PeerJ, DOI 10.7717/peerj.4640 16/17

https://peerj.com
http://dx.doi.org/10.7717/peerj.3298
http://dx.doi.org/10.1016/j.humov.2015.07.009
https://zenodo.org/record/16064#.WtU4U62ZPBI
http://mocap.cs.cmu.edu
http://mocap.cs.cmu.edu
http://dx.doi.org/10.1016/0966-6362(95)01057-2
http://dx.doi.org/10.1016/j.gaitpost.2007.07.009
http://www.clinicalgaitanalysis.com/data/
http://www.clinicalgaitanalysis.com/data/
http://dx.doi.org/10.1016/j.jbiomech.2009.09.050
http://dx.doi.org/10.1080/14763141.2016.1246603
http://dx.doi.org/10.1016/j.gaitpost.2006.12.018
http://dx.doi.org/10.1080/17453670610013448
http://dx.doi.org/10.1016/j.gaitpost.2016.07.019
https://zenodo.org/record/13030-Wi76L62ZPBI
https://zenodo.org/record/13030-Wi76L62ZPBI
http://dx.doi.org/10.7717/peerj.918
http://dx.doi.org/10.7717/peerj.4640


Muir BC, Rietdyk S, Haddad JM. 2014. Gait initiation: the first four steps in adults
aged 20–25 years, 65–79 years, and 80–91 years. Gait & Posture 39:490–494
DOI 10.1016/j.gaitpost.2013.08.037.

Parvataneni K, Ploeg L, Olney SJ, Brouwer B. 2009. Kinematic, kinetic and metabolic
parameters of treadmill versus overground walking in healthy older adults. Clinical
Biomechanics 24:95–100 DOI 10.1016/j.clinbiomech.2008.07.002.

Rao AK, Muratori L, Louis ED, Moskowitz CB, Marder KS. 2008. Spectrum of gait
impairments in presymptomatic and symptomatic Huntington’s disease.Movement
Disorders 23:1100–1107 DOI 10.1002/mds.21987.

Riley PO, Paolini G, Della Croce U, Paylo KW, Kerrigan DC. 2007. A kinematic and
kinetic comparison of overground and treadmill walking in healthy subjects. Gait
& Posture 26:17–24 DOI 10.1016/j.gaitpost.2006.07.003.

Schwartz MH, Rozumalski A, Trost JP. 2008. The effect of walking speed on the
gait of typically developing children. Journal of Biomechanics 41:1639–1650
DOI 10.1016/j.jbiomech.2008.03.015.

Seethapathi N, SrinivasanM. 2015. The metabolic cost of changing walking speeds is
significant, implies lower optimal speeds for shorter distances, and increases daily
energy estimates. Biology Letters 11:20150486 DOI 10.1098/rsbl.2015.0486.

Utter AC, Robertson RJ, Green JM, Suminski RR, McAnulty SR, Nieman DC.
2004. Validation of the Adult OMNI Scale of perceived exertion for walk-
ing/running exercise.Medicine and Science in Sports and Exercise 36:1776–1780
DOI 10.1249/01.MSS.0000142310.97274.94.

Van den Bogert AJ, Geijtenbeek T, Even-Zohar O, Steenbrink F, Hardin EC. 2013.
A real-time system for biomechanical analysis of human movement and muscle
function.Medical and Biological Engineering and Computing 51:1069–1077
DOI 10.1007/s11517-013-1076-z.

Wang Y, SrinivasanM. 2014. Stepping in the direction of the fall: the next foot place-
ment can be predicted from current upper body state in steady-state walking. Biology
Letters 10(9):20140405 DOI 10.1098/rsbl.2014.0405.

Willson JD, Kernozek T. 2014. Gait data collected at university of wiscosin-la crosse.
Available at https:// innsport.com/ related-products/data-sets/uw-l-gait-data-set.aspx .

Winter DA. 1993. Knowledge base for diagnostic gait assessments.Medical Progress
Through Technology 19:61–81.

Winter DA. 2009. Biomechanics and motor control of human movement. Hoboken: John
Wiley & Sons, Inc.

Wren TA, Otsuka NY, Bowen RE, Scaduto AA, Chan LS, ShengM, Hara R, Kay RM.
2011. Influence of gait analysis on decision-making for lower extremity orthopaedic
surgery: baseline data from a randomized controlled trial. Gait Posture 34:364–369
DOI 10.1016/j.gaitpost.2011.06.002.

Fukuchi et al. (2018), PeerJ, DOI 10.7717/peerj.4640 17/17

https://peerj.com
http://dx.doi.org/10.1016/j.gaitpost.2013.08.037
http://dx.doi.org/10.1016/j.clinbiomech.2008.07.002
http://dx.doi.org/10.1002/mds.21987
http://dx.doi.org/10.1016/j.gaitpost.2006.07.003
http://dx.doi.org/10.1016/j.jbiomech.2008.03.015
http://dx.doi.org/10.1098/rsbl.2015.0486
http://dx.doi.org/10.1249/01.MSS.0000142310.97274.94
http://dx.doi.org/10.1007/s11517-013-1076-z
http://dx.doi.org/10.1098/rsbl.2014.0405
https://innsport.com/related-products/data-sets/uw-l-gait-data-set.aspx
http://dx.doi.org/10.1016/j.gaitpost.2011.06.002
http://dx.doi.org/10.7717/peerj.4640

