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Abstract
Collecting large datasets of amputee gait data is notoriously difficult. Additionally, collecting

data on less prevalent amputations or on gait activities other than level walking and running

on hard surfaces is rarely attempted. However, with the wealth of user-generated content

on the Internet, the scope for collecting amputee gait data from alternative sources other

than traditional gait labs is intriguing. Here we investigate the potential of YouTube videos

to provide gait data on amputee walking. We use an example dataset of trans-femoral

amputees level walking at self-selected speeds to collect temporal gait parameters and cal-

culate gait asymmetry. We compare our YouTube data with typical literature values, and

show that our methodology produces results that are highly comparable to data collected in

a traditional manner. The similarity between the results of our novel methodology and litera-

ture values lends confidence to our technique. Nevertheless, clear challenges with the col-

lection and interpretation of crowd-sourced gait data remain, including long term access to

datasets, and a lack of validity and reliability studies in this area.
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Table 2. Temporal gait paramete rs of YouTube trans-f emoral amputees level walking at self-selected speed.

Gait cycle time
(s)

Intact stance time
(s)

Intact stance duty factor
(%)

Prostheti c stance time
(s)

Prosthetic stance duty factor
(%)

Asymm etry
index

Mean 1.161 0.765 65.8 0.694 59.4 0.104

SD 0.111 0.111 3.3 0.093 5.0 0.091

Subjects were adult unilateral trans-femoral amputees walking on a level surface at a self-selected speed. Means and standard deviations were calculated

for the sample of 16 subjects.

doi:10.1371/journal.pone.0165287.t002

Table 1. Details of study populati on taken from the videos and associ ated online meta data.

Video Sex Age Amputatio n reason Time since amputat ion (years) Leg Footwear

1 M Middle Traumatic 8 Ottobock C-Leg Trainers

2 M Young Unknown ��1 Ottobock 3R80 Trainers

3 F Middle Traumatic 1 Ottobock Genium Sandals

4 M Middle Unknown Unknown Ottobock C-Leg Trainers

5� M Unknown Unknown Unknown Non-microprocessor Unknown

6 F Unclear Unknown Unknown Ottobock C-Leg Trainers

7 M Young Unknown Unknown Ottobock Genium Trainers

8 M Unclear Unknown Unknown Ottobock Genium Trainers

9 M Young Unknown Unknown Ottobock Genium Trainers

10 M Young Unknown Unknown Ottobock Genium Trainers

11 F Middle Bone cancer �!35 Ottobock C-Leg Shoes

12 M Young Unknown Unkown Ottobock C-Leg Trainers

13 M Young Congenital disorder 6 Ottobock C-Leg Trainers

14 M Young Unknown Unkown Ottobock Genium Trainers

15 M Young Unknown Unkown Ottobock C-Leg Shoes/Trainers

16 F Young Traumatic �!3 Unknown Shoes

� Video 5 was no longer online to allow additional information to be collected for the details of study population (suggestion by draft manuscript reviewer).

Therefore only limited information was recorded for this video and this issue highlights the transient nature of data sources such as YouTube

doi:10.1371/journal.pone.0165287.t001
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Fig 1. Temporal gait paramete rs of trans-f emoral ampute es level walking at self-sel ected speed amputees . Our YouTube study
data compared against typical values obtained from the literature. Overall gait cycle time is typically around 1.2 to 1.4s, with stance being
between 0.7 and 0.9s. Stance time on the prosthetic side is consistently shorter that than the intact side, by approximately a 0.1s. All
data are means shown with standard deviation error bars. The study of van der Linden et al [18] only includes data for a single amputee,
hence the lack error bars.

doi:10.1371/journal.pone.0165287.g001
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Fig 2. Stance phase and asymmetry index of trans-f emoral ampute es level walking at self-sel ected speed . Top:
Stance phase (also known as duty factor) for both intact and prosthetic leg of unilateral trans-femoral amputees level
walking at self-selected speeds. Our study results are consistent with those found in the literature with the stance
phase on the prosthetic leg being consistently shorter than the intact leg. Bottom: The asymmetry index calculated from
stance phase data. Our study (and literature studies) show significant asymmetry of gait for the amputees (no
asymmetry would equal 0). All bars display means with standard deviation error bars. The study of van der Linden et al
[18] only includes data for a single amputee, hence the lack error bars.

doi:10.1371/journal.pone.0165287.g002
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Table 3. Tukey-Kr amer post hoc p values for intact leg stance times, gait cycle time and prostheti c stance phase.

Intact stance time Schaarsch midt et al. 2012 Jaeger et al. 1995 Boonstra et al. 1996 Nolan et al. 2003

Our study 0.9948 0.1146 0.0002� 0.0149�

Schaarschm idt et al. 2012 \ 0.6629 0.0837 0.1232

Jaeger et al. 1995 \ \ 0.6264 0.5785

Boonstra et al. 1996 \ \ \ 0.9596

Gait cycle time Schaarsch midt et al. 2012 Jaeger et al. 1995 Boonstra et al. 1996 Nolan et al. 2003

Our study 1 0.0001� ��0.0001� 0.0332�

Schaarschm idt et al. 2012 \ 0.0103� 0.0012� 0.1148

Jaeger et al. 1995 \ \ 0.9918 0.9977

Boonstra et al. 1996 \ \ \ 0.9673

Prosthetic stance phase Schaarsch midt et al. 2012 Jaeger et al. 1995 Boonstra et al. 1996 Nolan et al. 2003

Our study 0.9999 0.9948 0.0327� 0.8836

Schaarschm idt et al. 2012 \ 0.9999 0.4001 0.963

Jaeger et al. 1995 \ \ 0.1968 0.9699

Boonstra et al. 1996 \ \ \ 0.9372

p value less than 0.05 indicates a signi®cant difference between studies (indicated with a �)

doi:10.1371/journal.pone.0165287.t003
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