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ABSTRACT
The purpose of this study was to characterise the functional outcome of 12 transfemoral amputees fitted with
osseointegrated fixation using temporal gait characteristics. The objectives were (A) to present the cadence, duration of gait
cycle, support and swing phases with an emphasis on the stride-to-stride and participant-to-participant variability, and (B) to
compare these temporal variables with normative data extracted from the literature focusing on transfemoral amputees fitted
with a socket and able-bodied participants. The temporal variables were extracted from the load applied on the residuum
during straight level walking, which was collected at 200 Hz by a transducer. A total of 613 strides were assessed. The
cadence (46±4 strides/min), the duration of the gait cycle (1.29±0.11 s), support (0.73±0.07 s, 57±3% of CG) and swing
(0.56±0.07 s, 43±3% of GC) phases of the participants were 2% quicker, 3%, 6% shorter and 1% longer than transfemoral
amputees using a socket as well as 11% slower, 9%, 6% and 13% longer than able-bodied, respectively. All combined, the
results indicated that the fitting of an osseointegrated fixation has enabled this group of amputees to restore their locomotion
with a highly functional level. Further longitudinal and cross-sectional studies would be required to confirm these
outcomes. Nonetheless, the data presented can be used as benchmark for future comparisons. It can also be used as input in
generic algorithms using templates of patterns of loading to recognise activities of daily living and to detect falls.
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1. INTRODUCTION
1.1
OSSEOINTEGRATED
FIXATION:
SOLUTION
FOR
TRANSFEMORAL
AMPUTATION
Over the last ten years, a few groups have
developed innovative surgical methods of attachment of the
prosthesis for transfemoral amputees that is based on direct
skeletal anchorage. In this case, the socket is replaced by an
osseointegrated fixation 1, 2. One of the most advanced
fixations includes an implant, an abutment and a retaining
bolt 3-5. The implant develops a firm biological bonding
with the femur, named osseointegration 6-8. The abutment is
connected to the implant, penetrating through the skin, to
allow attachment of the external prosthesis.
1.2

BENEFITS
OF
OSSEOINTEGRATED
FIXATION
To date, this technique has been experienced by
over 100 transfemoral amputees worldwide mainly
scattered in Scandinavia, the UK, Spain and Australia 9. It
has proved to be a successful alternative for amputees who
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experience complications in using conventional socket-type
prostheses due to a short residual limb and soft tissue
problems. This technique has contributed to a significant
improvement in the quality of life of recipients 10-12. By
definition, the biomechanical benefits of the fixation alone
are limited since it does not involve any articulated parts.
Nevertheless, the fixation can improve sensory feedback,
referred to as osseoperception 7, that might have indirect
advantages for locomotion (e.g., foot placement, surface
detection, etc). The physical and prosthetic benefits are the
most noticeable 11, 13. The absence of a prosthetic socket
can alleviate the skin problems and residual limb pain. It
also enables greater hip range of motion and better sitting
comfort compared to socket-type prostheses 14. The
prosthetic leg can be attached to and detached from the
fixation easily by simply turning a screw.
However, one of the burning issues for clinicians
and funding bodies is to determine to what extent these
prosthetic benefits are translated into an improvement in
functional outcome. By definition, the term “functional
outcome” corresponds to the capacity to undertake a wide
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range of tasks of daily living. Here, this term refers more
precisely to the actual capacity of the amputee to use the
prosthetic leg and to walk at self-selected pace.
1.3

FUNCTIONAL OUTCOME
So far, studies relying on questionnaires
demonstrated that the fixation has increased the capacity of
transfemoral amputees to improve their prosthetic activity
and walking habits 11, 13. Other studies described the
loading of the fixation during standardised daily activities
using patterns, local extrema and impulse 15, 16. These
indicators were essential for engineers designing the
fixation but they have limited clinical relevance in relation
to functional outcome. One study looking at the load
regime during real-world activities of daily living presented
some functional outcome indicators but it involved a single
participant 17.
1.4

MEASUREMENT
OF
FUNCTIONAL
OUTCOME
The functional outcome of transfemoral amputees
can be assessed using a range of spatial and temporal gait
characteristics. Some of the clinical indicators commonly
acknowledged include the cadence along with the duration
of gait cycle, support and swing phases 18-22.
An
overview
of
the
resources
and
comprehensiveness of the output of equipments that are
typically used to assess these four variables is presented in
Figure 1 23-29. The most comprehensive and resource
intensive assessment relies on a 3D motion analysis system
synchronised with several force-plates 30. Alternatively,
studies demonstrated that other less resource intensive and
equally accurate instruments can be used, including
footswitch 31-35, pressure sensors 36, accelerometers and
gyroscopes 32, 37, instrumented mats and walkways 30, 31, 38.
Some instruments that can only be used in clinical settings
measure a limited number of steps that are only partially
representative of the true functional outcome. Other
equipments that are portable enabled more realistic
measurements 32, 34, 37. Previous studies focusing on the
load applied on the fixation used a portable kinetic
recording system based on a transducer and a wireless
modem or a data logger 17, 34, 39. This system enabled the
recording of an unlimited number of steps during various
activities of daily living 15, 16. As mentioned above, these
studies focused mainly on presenting the load profile over
time. Regrettably, the temporal variables of these data sets
have yet to be presented.
*** Insert Figure 1 here ***
1.5

PURPOSE AND OBJECTIVES
The purpose of this study was to characterise the
functional outcome of transfemoral amputees fitted with an
osseointegrated fixation (TFA-OF) using key temporal gait
variables. The objectives were:
• To present the cadence, duration of gait cycle,
support and swing phases with an emphasis on the
stride-to-stride and
participant-to-participant
variability, and,
• To compare these temporal variables with
normative data extracted from the literature
focusing on transfemoral amputees fitted with a
conventional socket (TFA-SO) and able-bodied
participants.
2010. JPO. 22(1). p 11-20

2.

METHODS
The raw data used in the study has been published in
Lee et al (2008) 16 along with a detailed account of
methodological aspects associated with the participants
(e.g., profile of prosthesis), the apparatus and the
procedure. Consequently, only the most relevant
information is presented here.
2.1

PARTICIPANTS
A total of three females and nine males unilateral
TFA-OF (47.50±9.70 yr, 1.78±0.11 m, 84.27±16.82 kg)
participated in this study. Individual and group
demographics are presented Table1 (Section A). Each
participant was fully rehabilitated, fitted with the fixation
for at least one year, was able to walk 200 m independently
and weighed less than 110 kg to avoid overloading the
transducer. All the participants were active and were
classified as a K3 or K4 according to Functional
Classification Levels 26. The research institution's human
ethics committee approved this study. The participants
provided informed written consent.
2.2

APPARATUS
All participants walked with a prosthesis fitted with a
transducer and their usual components 16, including:
• Hydraulic knee: poly cadence responsive (i.e., 9
Total knee), single axis cadence responsive (i.e., 1
Adaptive, 1 C-leg, 1 Mauch Gaitmaster),
• Foot: dynamic foot (i.e., 1 Mercury, 2 C-walk, 1
Carbon Copy, 1 Flexfoot), multi axis foot (i.e., 2
Multiflex, 3 True Step) and single axis foot (i.e., 2
Total concept),
• Footwear (i.e., 5 Sneakers, 4 Sandals, 3 Leather
shoes).
Also, the usual alignment was also replicated to insure
ecological assessments.
The raw data were measured using a portable kinetic
system with a sampling frequency of 200 Hz. It included a
six-channel transducer (Model 45E15A; JR3 Inc,
Woodland, CA, USA) mounted between the knee and the
fixation and a wireless transmitter (Ricochet Model 21062;
Metricom Inc., Los Gatos, CA).
2.3

PROCEDURE
Participants walked under supervision with the
instrumented prosthesis for approximately 15 minutes to
ensure confidence, safety and comfort. Participants 1 and 2
performed six trials along a 20 m walkway at one site. The
other participants performed approximately two trials along
a 60 m walkway at another site. All participants walked at
self-selected pace. Sufficient rest was given between trials
to avoid fatigue.
2.4

DATA ANALYSIS
The load data were processed by a customized Matlab
program (Math works, Inc., Natick, MA) according to the
following steps:
• Step 1: Selection of relevant segment of data.
The first and the last strides recorded for each trial
were discarded to ensure that the analysis only
included data obtained when participants walked
at a uniform pace 39.
• Step 2: Determination of gait events. The graph
of the vertical force was used to manually detect
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•

•

•

the heel contact and toe-off points with an
accuracy of ±0.01 s as determined in previous
study 40.
Step 3: Calculation of temporal variables. The
cadence expressed as the number of strides of the
prosthetic leg per minute was calculated for each
trial. The duration of a gait cycle was determined
from heel contact to heel contact and expressed in
seconds. The duration of support and swing
phases were expressed in seconds and in
percentage of the gait cycle.
Step 4: Characterisation of each temporal
variable. The stride-to-stride analysis providing
the variations for a given participant included the
mean, standard deviation (SD) and coefficient of
variation (COV), defined as the standard deviation
divided by the mean. The participant-toparticipant analysis providing the variations
between participants relied on the same
descriptors as well as the median, minimum and
maximum values for the group.
Step 5: Comparative analysis. The normative
temporal variables were extracted from the
literature focusing on TFA-SO 41-49 and ablebodied participants 50-57. English publications up
to 2008 were selected using mainstream search
engines (e.g., PubMed, Medline, Google Scholar)
and combinations of keywords such as gait,
walking, temporal variable, cadence, gait cycle,
support phase, swing phase, transfemoral
amputation, above-knee amputation, able-bodied,
etc. The publications featuring literature review
and/or meta-analyses were purposely excluded to
avoid statistical compounding errors 18-22. The
study presented by Frossard et al (2008) 17 was
also excluded as it provided temporal variables for
only one TFA-OF. One data set or more were
extracted from each selected study to make sure
that normative data matched as closely as possible
the group of participants in terms of demographics
(i.e., gender, age, height, mass), procedure (i.e.,
self-selected walking speed) and fitting (i.e.,
hydraulic knee, foot). Each normative study
reported one or more temporal variables 41-57.
Some variables were recalculated based on raw
data provided in the article (e.g., cadence in steps
per minute/2= cadence in strides per minute], gait
cycle time = 120/cadence). The comparisons of
the overall results for each group were based on
the average. The significance of the differences
for the study-to-study comparison was determined
using a t-test with p<.0005 and p<.005 when the
number of observations, the mean and the
standard deviation were reported.

3.

RESULTS
The total number of strides for each participant and for
the group is presented in Section B of Table 1. It ranged
from 32 to 63 strides, excluding participant 02 who
performed only one trial. A total of 613 strides were
assessed.
3.1

CHARACTERISATION
VARIABLES
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OF

TEMPORAL

The results of the stride-to-stride and participant-toparticipant analyses are presented in Section C of Table 1.
The individual COV of the cadence, duration of the gait
cycle, support and swing phases ranged from 0.007 to
0.042, from 0.016 to 0.081, from 0.026 to 0.089 and from
0.028 to 0.112, respectively. The overall COV of the
cadence, duration of the gait cycle, support and swing
phases were 0.076, 0.088, 0.089 and 0.125, respectively.
The support and swing phases represented 57±3% and
43±3% of the gait cycle, respectively.
*** Insert Table 1 here ***
3.2

COMPARATIVE ANALYSES
An overview of the temporal variables for the three
groups is presented in Figure 2, plotting the cadence in
relation to the duration of the gait cycle expressed in
seconds, and duration of support and swing phases
expressed in percentage of gait cycle. Tables 2 and 3
provide the raw data for demographics (Section A), number
of samples (Section B) and normative temporal variables
(Section C) for the studies focusing on TFA-SO and ablebodied, respectively.
*** Insert Figure 2 here ***
3.2.1

COMPARISON WITH AMPUTEES USING
SOCKET
The group of studies focusing on TFA-SO
included nine data sets corresponding to a total of 142
participants and 542 observations. Most of the participants
were males.
This group of normative studies was 9% younger and 4%
lighter. The study-to-study comparison was possible for
only three data sets. One normative study was significantly
younger. Two were significantly lighter. All the other
comparisons, including the one related to the height, were
not significant.
The cadence of this group was 2% slower. Only
one out of two possible comparisons was significantly
quicker. The overall duration of the gait cycle, support and
swing phases of this normative group were 3% and 6%
shorter, and 1% longer, respectively. The duration of the
gait cycle was significantly shorter for five studies and
longer for one study out of eight comparisons. The duration
of the support phase was significantly shorter for four out
of five studies. The duration of the swing phase was
significantly shorter for two studies and longer for two
studies out of seven comparisons.
3.2.2

COMPARISON
WITH
ABLE-BODIED
PARTICIPANTS
The group of studies focusing on able-bodied
included nine studies and 14 data sets corresponding to a
total of 258 participants and 1,603 observations. Only three
data sets included female participants.
This group of normative studies was 16% younger
and 7% lighter. The study-to-study comparison was
possible for only two data sets of the same study. One data
set involved significantly younger, smaller and lighter
females. The other one involved significantly younger
males. Both groups had the same height.
The cadence of this group was 11% quicker. All
eight possible study-to-study comparisons were
significantly quicker. The overall duration of the gait cycle,
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support and swing phases of this normative group were
9%, 6% and 13% shorter, respectively. The duration of the
gait cycle was significantly shorter for seven studies and
longer for one study out of eight comparisons. The duration
of the support phase was significantly shorter for four
studies and longer for one study out of five comparisons.
The duration of the swing phase was significantly shorter
for five studies out of six comparisons.
*** Insert Table 2 and Table 3 here ***
4. DISCUSSION
4.1
VARIABILITY
Each participant presented a low stride-to-stride
variability for the four temporal characteristics. This agrees
with previous studies focusing on the magnitude and
variability of the loading on fixation during walking and
daily activities 15, 16.
Surprisingly,
the
participant-to-participant
variability was lower than expected. For instance, previous
study demonstrated that the COV of the peak forces
applied on the antero-posterior, medio-lateral and long axes
of the fixation during walking were, 0.523, 0.384 and
0.374, respectively 16. Temporal variables were more
consistent than the loading characteristics may be because
they are less sensitive to confounders such as the length of
the residuum, prosthetic alignment, trunk position, etc.
4.2

FUNCTIONAL OUTCOME
The cadence, the duration of gait cycle and support
phases demonstrated that the functional outcome of TFAOF was either comparable or better than TFA-SO in most
studies. The outcome of the comparisons of the duration of
the swing phase was more ambivalent. This was due to the
fact that the velocity of the leg during the swing depends
less on functional outcome and more on the swing control
of different types of knee friction systems (i.e., constant
friction, variable friction, hydraulic). Overall, the
participants were less functional than able-bodied.
However, the most functional TFA-OF and the least
functional able-bodied were similar.
All combined, the clinical indicators observed in
this study revealed that the fitting of an osseointegrated
fixation has enabled this group of amputees to restore their
locomotion with highly functional level. Further
interpretations must be considered carefully giving the
limitations of this study.
4.3
LIMITATIONS
4.3.1
GROUP OF ACTIVE PARTICIPANTS
The group of amputees represented approximately
15% of the existing population. The selection of the
participants was as random as possible giving the pool and
the location worldwide. Nonetheless, the design of the
study itself was slightly biased toward recruiting enable
and active participants, like any other studies based on
several trials of walking. Consequently, finding good
functional outcomes was to be expected. Thus, the tangible
contribution of this study was to determine to which extent
functional outcome was satisfactory.
4.3.2

COMPARISON WITH NORMATIVE STUDIES
In principle, the meta-analysis of normative data
extracted from the literature enabled the use of large data
sets that have already been validated. However, no studies
2010. JPO. 22(1). p 11-20

reported complete demographic and temporal variable data
sets. Only 30% of the studies in each group presented three
complete temporal variable data sets. Furthermore, a true
comparison might be compromised because of the possible
multiple use of the same population across several studies
from the same authors. This created a potential redundancy
in the statistical analysis as the same individual might have
been considered several times. Finally, comparisons might
be interpreted with care because confounders matched only
partially. The height, which is one of the critical
confounders, was the same for the three groups. The age
and the mass presented small but significant differences.
This study included a large female population. More
importantly, there were variations in construction of
prostheses in terms of components, particularly the knees,
and alignments. Other confounders associated with
instruments (e.g., footswitch, force-plate, motion analysis),
procedure (e.g., accommodation time with experimental
leg) and inclusion/exclusion criteria of population (e.g.,
cause of amputation, level of activity) were not considered
18
.
4.4

CONTRIBUTIONS
These limitations do not impinge on three main
outcomes of this study. The results presented here can be
used to benchmark other cohorts against the most active
TFA-OF. The low variability means that temporal variables
can be used as default input in generic algorithms using
templates of patterns based on timing and magnitude of
loading to recognise activities of daily living and to detect
falls. Finally, this study confirmed that the portable kinetic
system used is a suitable instrument to provide not only
engineering (i.e., patterns, local extrema, impulse) but also
clinical (i.e., temporal variables) insights into the fitting
and usage of the prosthetic leg. The seamlessness of the
system enabled the recording of a high number of strides.
For instance, this study alone collected approximately 12%
more strides than all nine studies in the groups of TFA-SO
combined.
4.5

FUTURE STUDIES
The instrument presented here will facilitate
longitudinal studies of temporal characteristics of
standardised and real-world activities of daily living for a
larger cohort of TFA-OF. This will provide a better
understanding of the participant-to-participant and activityto-activity variability. Comparisons of the results from
current instruments and the portable kinetic system were
outside the scope of this study. However, the possibilities
for cross-sectional studies are endless, particularly for the
ones allowing reciprocal validation of these instruments
(e.g., accuracy), recording complementary clinical
indicators such as the temporal variables for the sound leg
(e.g., duration of single and double support) and the spatial
variables (e.g., step and stride length, walking base) as well
as comparisons between prostheses constructions (e.g.,
hydraulic knee vs constant friction).
Both longitudinal and cross-sectional studies will be
essential to further establish the functional outcome of
TFA-OF in terms of usage of the prosthesis and level of
activity. Furthermore, such studies will improve basic
knowledge in the areas of rehabilitation, design of
components and fitting of prostheses.
5.

CONCLUSIONS
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This study provided the temporal gait characteristics
for a group of 12 transfemoral amputees fitted with an
osseointegrated fixation. This was the first attempt to
establish to what extent the benefits of this innovative
method of attachment of the prosthesis are translated into
functional outcome and more particularly walking ability.
The results indicated that the fixation enables this group to
walk as well or better than other amputees fitted with a
socket, although this statement must be understood within
the intrinsic limitations of temporal variables and
comparisons with data from the literature. Consequently,
further longitudinal and cross-sectional studies would be
required to confirm these results.
In conclusion, the results presented here are a stepping
stone in assessment of true functional outcome of
transfemoral amputees fitted with a fixation. However, this
study provided key information to clinicians facing the
challenge to restore the locomotion of lower limb amputees
in the framework of an evidence-based practice.
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Figure 1. Overview of resources (e.g., time, cost, equipment, space, etc) and comprehensiveness of the output (e.g., range,
realism, accuracy, degrees of freedom, etc) of the current instruments used to assess the temporal variables reflecting
functional outcome.
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Figure 2. Median and range of the duration of the gait cycle, support and swing phases in relation to the median and range
of the cadence for the group of transfemoral amputees fitted with an osseointegrated fixation and socket, and able-bodied
participants.
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Table 1. Stride-to-stride and participant-to-participant analyses of demographics (Section A), number of samples (Section B) and temporal variables (Section C) for the group
of transfemoral amputees fitted with an osseointegrated fixation.

Section A
Demographics

Section B
No of samples

Gender

Age

Height

Mass

(M/F)
F
M
F
M
M
M
F
M
M
M
M
M

(yr)
39.00
46.00
57.00
50.00
59.00
62.00
49.00
41.00
26.00
46.00
50.00
45.00
47.50
47.50
9.70
26.00
62.00

(m)
1.71
1.82
1.63
1.81
1.89
1.80
1.58
1.77
1.78
1.99
1.82
1.72
1.79
1.78
0.11
1.58
1.99

(kg)
68.00
96.10
61.10
74.30
87.10
105.00
53.30
96.60
90.00
99.50
99.80
80.40
88.55
84.27
16.82
53.30
105.00

Participant 01
Participant 02
Participant 03
Participant 04
Participant 05
Participant 06
Participant 07
Participant 08
Participant 09
Participant 10
Participant 11
Participant 12
Median
Mean
SD
Minimum
Maximum
SD Standard deviation
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Section C
Temporal variables
Duration
Cadence
ObervaTrials
Gait cycle
Support
tions
Mean SD Mean SD Mean SD
(s)
(s)
(strides/min)
(#)
(#)
6
37
42.74 1.74
1.40
0.07
0.77
0.04
6
18
45.55 0.63
1.32
0.04
0.70
0.02
1
32
45.02
1.37
0.02
0.76
0.02
3
56
42.94 0.42
1.40
0.04
0.76
0.03
2
46
50.80 1.49
1.18
0.04
0.68
0.03
2
63
42.27 0.72
1.42
0.05
0.82
0.04
2
57
47.09 0.83
1.28
0.03
0.70
0.04
2
60
53.42 0.50
1.12
0.05
0.66
0.04
2
51
45.80 1.36
1.31
0.04
0.73
0.03
2
54
51.71 0.34
1.16
0.02
0.68
0.02
2
52
46.16 1.92
1.30
0.10
0.81
0.07
2
59
45.19 1.21
1.33
0.11
0.72
0.06
45.68
1.31
0.73
45.89
1.29
0.73
3.48
0.11
0.07
41.08
1.05
0.46
53.77
1.70
1.04
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Swing
Mean SD
(s)
0.63
0.04
0.61
0.02
0.61
0.02
0.63
0.02
0.51
0.01
0.60
0.02
0.57
0.05
0.46
0.02
0.58
0.02
0.48
0.02
0.50
0.04
0.61
0.07
0.59
0.56
0.07
0.41
0.96
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Table 2. Data sets extracted from studies focusing on transfemoral amputees fitted with a socket: raw data and comparisons for demographics (Section A), number of samples
(Section B) and normative temporal variables (Section C).
Section A
Section B
Section C
Demographics
No of samples
Temporal variables
Duration
Parti- ObervaGenHeight
Mass
Age
Cadence
Gait cycle
Swing
Support
cipants tions
der
Mean SD
Mean SD
Mean SD
Mean SD
Mean SD
Mean SD
Mean SD
(s)
(s)
(s)
(yr)
(m)
(kg)
(strides/min)
(M/F)
(#)
(#)
Zuniga et al, 1972
M
45.00
1.78
80.29 34
102
1.43 0.16 ** 0.83 0.10 ** 0.60 0.06 **
James et al, 1973
M
43.30 12.50 NS 1.77 0.66 NS 69.60 11.70 **
34
170
42.55
1.41 0.12 ** 0.80 0.08 ** 0.61 0.05 **
Godfrey et al, 1975
M
41.00
1.79
71.00 7
21
40.82
1.47 0.15 ** 0.93 0.02 ** 0.54 0.02 NS
NS
Murray et al, 1980
M
41.00
1.77
79.00 10
10
43.50 3.50
1.38 0.11 NS 0.80 0.07 *
0.58 0.06 NS
**
**
NS
Murray et al, 1983
M
40.00
1.77
80.00 7
21
49.50 2.00
1.21 0.09
0.72 0.09
0.49 0.02 **
Hale et al, 1990
M
36.17 13.76 NS 1.74 0.06 NS 63.70 7.92 **
6
18
42.55
1.41 0.15 ** 0.83
0.58 0.06 NS
*
Jaeger et al, 1995
M
35.70
1.85
93.00 11
33
44.12
1.36 0.15
0.79
0.57
0.47 0.05 **
Boonstra et al, 1996
41.00
1.80
81.00 28
27
43.17
1.39 0.12 ** 0.93
Macfarlane et al, 1997
M
36.80 5.07 ** 1.79 7.34 NS 82.80 14.41 NS
5
140
46.12
1.30
0.82
0.48
Median
41.00
1.78
80.00
43.33
1.39
0.82
0.57
Mean
40.00
1.78
77.82
44.04
1.37
0.83
0.55
SD
3.21
0.03
8.60
2.67
0.08
0.07
0.05
Minimum
35.70
1.74
63.70
40.82
1.21
0.72
0.47
Maximum
45.00
1.85
93.00
49.50
1.47
0.93
0.61
SD Standard deviation, ** Significantly different (p<.0005), * Significantly different (p<.005), NS Not significantly different, - Not provided
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Table 3. Data sets extracted from studies focusing on able-bodied participants: raw data and comparisons for demographics (Section A), number of samples (Section B) and
normative temporal variables (Section C).
Section A
Section B
Section C
Demographics
No of samples
Temporal variables
Duration
GenParti- ObervaAge
Height
Mass
Cadence
Gait cycle
Swing
Support
der
cipants tions
Mean SD
Mean SD
Mean SD
Mean SD
Mean SD
Mean SD
Mean SD
(s)
(s)
(s)
(yr)
(m)
(kg)
(strides/min)
(M/F)
(#)
(#)
Murray et al, 1964
M
43.10
1.76
73.03 12
24
61.00
0.98 0.17 ** 0.59 0.05 ** 0.38 0.03 **
Murray et al, 1964
M
52.70
1.76
69.40 12
24
59.00
1.02 0.10 ** 0.62 0.07 ** 0.40 0.04 **
Murray et al, 1966
M
30
240
56.60
1.06 0.09 ** 0.65
0.41 0.04 **
**
**
Murray et al, 1967
M
30
120
56.50
1.06 0.09
0.65 0.07
0.41 0.04 **
**
**
Zuniga et al, 1972
M
33.00
1.78
77.11 20
60
1.40 0.11
0.86 0.08
0.54 0.04 NS
Andriachhi et al, 1976
28.00
1.73
77.17 17
34
56.18
1.07
0.60
0.47
0.41 0.04 **
Murray et al, 1983
M
38.00
1.73
74.00 2
6
56.50 5.00 ** 1.06 0.09 ** 0.65 0.07 *
Kadaba et al, 1989
29.00
40
360
55.80 4.15 **
**
**
1.08 0.08
0.66
0.42
Kadaba et al, 1990
M
29.00
28
252
56.00 4.50
0.41
Kadaba et al, 1990
F
29.00
12
108
57.50 4.50 ** 1.05 0.08 ** 0.64
Oberg et al, 1993
M
44.50
15
150
60.00 3.30 **
Oberg et al, 1993
F
44.50
15
150
64.80 4.80 **
**
NS
NS
1.79 0.06
76.95 11.29
10
30
53.45 3.60 **
Allard et al, 1997
M
25.31 4.82
Allard et al, 1997
F
20.13 2.20 ** 1.67 0.04 ** 62.03 5.61 **
15
45
56.75 3.30 **
Median
31.00
1.76
74.00
56.60
1.06
0.65
0.41
Mean
34.69
1.74
72.81
57.70
1.09
0.66
0.43
SD
9.74
0.04
5.54
2.89
0.12
0.08
0.05
Minimum
20.13
1.67
62.03
53.45
0.98
0.59
0.38
Maximum
52.70
1.79
77.17
64.80
1.40
0.86
0.54
SD Standard deviation, ** Significantly different (p<.0005), * Significantly different (p<.005), NS Not significantly different, - Not provided
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