Gustas et al. Acta Vet Scand (2016) 58:87
DOI 10.1186/513028-016-0265-9

Acta Veterinaria Scandinavica

RESEARCH Open Access

Kinematic and spatiotemporal

@ CrossMark

assessment of habituation to treadmill walking

in Labrador retrievers

Pia Gustas' ®, Kjerstin Pettersson?, Sofia Honkavaara'*, Anne-Sofie Lagerstedt' and Anna Bystrém?

Abstract

days.

Background: This study investigated differences in kinematic and spatiotemporal variables in Labrador retrievers
during introduction to treadmill walking, with the aim to determine the time required for them to become habitu-
ated. Twenty-five healthy, treadmill-naive Labrador retrievers participated in the study. The total angular displacement
of the carpus, elbow, tarsus and stifle, as well as stride time and stance duration were calculated from the 3-D tracking
of skin mounted reflective markers recorded with 6 infrared light emitting video cameras at 240 Hz. The measure-
ments were done at two walking speeds, 0.78 and 0.96 m/s, in six sessions on the treadmill during two consecutive

Results: With a 1-2 min acclimatization period following each treadmill speed change, mean values of the study
variables were significantly different from the last training session mainly in the first session on the first day. However,
between-stride variability was significantly larger for at least one variable even in the fourth session for the slower
walking speed, and in the fifth session for the higher walking speed.

Conclusions: The results show the importance of proper pre-training of dogs in locomotion studies at walk using
a treadmill, and the need to consider not only variable mean values but also between-stride variability, in order to
ensure that dogs are sufficiently accustomed to allow collection of reliable data.

Keywords: Canine, Kinematics, Locomotion, Orthopaedics, Rehabilitation

Background

A gait is formed through complex interactions between
the musculoskeletal and the central and peripheral nerv-
ous system, where ambulation requires constant adapta-
tion to both intrinsic and extrinsic factors. Orthopedic
and other conditions that affect the function of either the
nervous or the musculoskeletal system typically disrupt
these interactions and thus lead to gait disturbances. To
describe any such changes in a dog’s locomotor func-
tion, a systematic approach with good repeatability of the
selected gait variables is required. Because of movement
variability, i.e. the inherent variation between strides
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present even within a stable gait pattern, it is necessary
to record data from several strides to obtain a representa-
tive mean value [1-5]. Further, the influence of extrinsic
factors, which may increase this variability, should be
minimized during data collection, to obtain reproducible
results from a minimum number of strides [6—10].

In order to record several strides from a stable gait, a
treadmill has been found to be a useful tool, in human
[11] and equine [12] as well as in canine [13] locomotion
research. The advantage of a treadmill is that it provides a
well-controlled setting with constant speed. Some studies
in dogs have used a treadmill to record walking kinemat-
ics in healthy dogs [14, 15], as well as in dogs with differ-
ent orthopaedic conditions [16—22].

The rationale behind using a treadmill is based on
the assumption that its use induces a stable, repeatable
gait. This is well established for humans, horses and
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dogs. On the other hand, for subjects unfamiliar with
the treadmill it is known that their gait is characterised
by both divergent mean values and increased between-
stride variability [11, 23-25]. To obtain reliable data, it
is therefore important to give new subjects enough time
to become accustomed to a treadmill [11, 23, 26, 27].
This presents a challenge for measurements of dogs at
walk because no studies have described the process of
adaptation in dogs. Treadmill training of dogs in trot
has been described [24, 25, 28—30] but because a study
in horses showed that longer training time was needed
to achieve habituation in walk compared to trot [23],
recommendations for trotting dogs cannot safely be
applied to walk.

This study aimed to describe the pattern of gait adap-
tation in naive Labrador retrievers when trained to walk
on a treadmill, and to determine the training time needed
for them to become accustomed to treadmill walking. It
was hypothesized that being unfamiliar with treadmill
walking would change kinematic and spatiotemporal
variables and increase the between-stride variability, and
that these changes would decrease with time and evolve
into a regular, repeatable walking pattern in six sessions
of training during two days, similar to observations in
our previous study on treadmill training of naive Labra-
dor retrievers in trot [25].

Methods

Data were collected in connection with our earlier study
on treadmill habituation in trot [25]. The experimen-
tal setup has been described in detail earlier [25] and is
therefore only summarized here.

Animals

Twenty-five healthy privately owned Labrador Retriev-
ers (22-34 kg) aged 22-36 months were used. All dogs
passed an orthopaedic examination on entering the
study. No dog had previous experience of treadmill exer-
cise. Informed consent was obtained from the owners,
in accordance with the ethical guidelines for the study,
approved by the Uppsala Animal Ethics Committee, Swe-
den and Swedish Board of Agriculture (No. C32/7).

Data collection

A rubber-belt treadmill (Rodby, Vinge, Sweden) with a
1.44 x 0.54-m running area was used. Dogs were always
handled by the same person, held on a leash in the same
manner. A motion analysis system with six infrared light
emitting video cameras (Proreflex, Qualisys, Gothen-
burg, Sweden) was used to record three-dimensional
kinematic data (240 Hz) using the proprietary camera
software (Qualisys Track Manager, Qualisys, Gothen-
burg, Sweden).
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A total of 26 spherical reflective markers, diameter
12 mm, were attached to each dog’s skin by the same
person, with double-sided adhesive tape and glue over
specific anatomical landmarks. Marker positions for the
forelimbs were as follows: the distal end of the fifth meta-
carpal bone, the lateral styloid process, the lateral epicon-
dyle of the humerus and the acromion; and for the hind
limbs: the distal end of the fifth metatarsal bone, the lat-
eral malleolus, the lateral epicondyle of the femur and the
greater trochanter of the femur.

Each dog performed six sessions on the treadmill, three
on each day on two consecutive days. Between sessions
dogs rested for 30 min. Each session lasted 8—10 min and
was divided into four consecutive 2-min trials at differ-
ent treadmill speeds. In session 1 the dogs only walked:
in trial 1 at 0.78 m/s, in trial 2 at 0.96 m/s, in trial 3 at
0.78 m/s and in trial 4 at 0.96 m/s. For session 2 to 6, dogs
first walked and then trotted: trial 1 was walk at 0.78 m/s;
trial 2 was walk at 0.96 m/s; trial 3 was trot at 1.81 m/s
and trial 4 was trot at 2.06 m/s. The walking speeds were
aimed to be a slow walk and a normal-to-fast walk. Kin-
ematic data were recorded for 10 s every 30 s, i.e. four
10-s motion data capture periods were recorded at each
speed. The first motion capture period started as soon as
the treadmill reached the predetermined speed for the
specific trial. For each walking speed, the 10-s motion
capture periods from each session were termed 1.1-1.4
and 1.5-1.8 (for session 1), 2.1-2.4 (for session 2) and so
on up to 6.1-6.4 (for session 6). The number of strides
recorded in each motion capture period ranged from 8 to
10.

The data from each motion capture period was divided
into strides using a custom written program (MathWorks
Inc, Natick, Mass). First contact and toe-off for each limb
were determined from the vertical and horizontal veloc-
ity of the marker of the distal fifth metacarpal or meta-
tarsal bone, respectively, in a semi-automatic procedure
adapted from a method previously used for equine tread-
mill trotting [31].

To quantify the basic gait characteristics a selection of
spatiotemporal and kinematic variables were calculated:
Spatiotemporal variables were stride time (time between
two consecutive first contacts of the left hind limb), and
stance time (time between first contact and toe-off) and
relative stance time (stance time divided by stride time)
for each limb. The kinematic variables calculated were
total angular displacement, i.e. the difference between
stride maximum and minimum joint angles, for the car-
pal, elbow, tarsal and stifle joints, respectively.

Statistical methods
For all variables, mean and standard deviation (SD) were
calculated for each dog and 10-s motion capture period.
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Group mean and a 95% confidence interval (CI) were
then calculated for each motion capture period, and
these values were plotted for each walking speed and
variable to visualize overlaps and differences between the
consecutive motion capture periods.

For each speed and variable, the distribution of dog
mean values across motion data capture periods were
evaluated by the study of overlaps between the 95% Cls,
and with paired ¢ test of the respective periods with that
of the last motion capture period (6.4). Further, differ-
ences in the distribution of SDs (used as a measure of
between-stride variability) between the last motion cap-
ture period and the previous periods were compared
using a Wilcoxon signed rank test (a non-parametric
test was chosen because the SDs were not normally
distributed).

Results

Total angular displacements remained largely unchanged
during the study (Figs. 1, 2). Significant differences
compared to the final motion capture period (6.4) were
observed during the first 4 min of walking on the tread-
mill, i.e. the trial 1 at each speed in the first session. Dur-
ing motion capture periods 1.1-1.4 the total angular
displacements were significantly larger for all evaluated
joints, except for the elbow and carpus at the slower
walking speed (0.78 m/s). At the faster walking speed
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(0.96 m/s) the carpus total angular displacement also
tended to be larger during the second session and in the
first motion capture period of the third session.

The spatiotemporal variables followed a similar pat-
tern as the angular displacements (Figs. 3, 4); significant
differences compared to the final motion capture period
(6.4) were observed in motion capture periods 1.1-1.4
at each speed, and were more prominent at the slower
walking speed (0.78 m/s). Both stride and stance times
were shorter during the first session on the treadmill,
and combined with the increased angular displacements
this gave the walk an abnormal visual appearance. At
0.95 m/s stride time was shorter also in the second ses-
sion, while at the slower walking speed (0.78 m/s) both
stride and stance times tended to be shorter during the
first two motion capture periods in each of the following
sessions (Fig. 4), i.e. during the dogs’ first minute on the
treadmill after a rest period.

The intra-individual between-stride variability at the
walk, measured as the intra-individual SD for each vari-
able, changed for longer than the stride mean values
(Table 1). At the higher walking speed (0.96 m/s) the SDs
for stride time and elbow and carpal total angular dis-
placements were significantly larger compared with the
last motion capture period (6.4) even at the end of the
5th session (5.4). At the slower walking speed (0.78 m/s)
the intra-individual variability decreased faster during
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dogs (n = 25) walking on a treadmill at 0.96 m/s. Motion capture periods deviating significantly (P < 0.05) from the final motion capture period (6.4)
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Fig. 2 Group mean values (dot) and 95% confidence intervals (error bars) for the total angular displacement of the elbow, carpus, stifle and tarsus in
dogs (n = 25) walking on a treadmill at 0.78 m/s. Motion capture periods deviating significantly (P < 0.05) from the final motion capture period (6.4)

the habituation: already in the second motion capture
period of the fourth session (4.2) the SDs did not dif-
fer significantly from the SDs of the last motion capture
period (6.4) for any variable, with stride time and stifle
total angular displacement being the last variables to sta-
bilize. Further, if the first two motion capture periods in
each session were excluded as time to acclimate after a
rest period or change in speed, then the second motion
capture period of the third session (3.2) became the last
session at slow walk (0.78 m/s) for which the SDs for any
variable were significantly larger compared with the final
motion capture period (6.4). In contrast, at the higher
walking speed (0.96 m/s) exclusion of the first minute in
each session only slightly influenced the results: the only
change in time of stabilization was for the total angular
displacement of the stifle (Table 2).

Discussion

Dogs on their first encounter with the treadmill showed
a clearly aberrant gait pattern: during the first 4 min the
stride mean angular displacements of the joints were
significantly larger, mean stance and stride times were
significantly shorter, and the between-stride variability
was significantly higher compared with in the final ses-
sion. This is in accordance with findings in previous
studies on walking humans [26, 32] and horses [23] and
trotting dogs [24, 25]; it has been found that the gait of

subjects unfamiliar with the treadmill is characterized
by an altered movement pattern and increased between-
stride variability. Further, in the current study the initial
divergences in mean values were larger in walk compared
with the same dogs in trot [25]. This could be related to
the study design: all dogs performed their very first train-
ing session on the treadmill in walk only and trot was not
included until the second session. However, a study in
horses also found that individuals needed longer train-
ing time to become fully accustomed to treadmill walking
compared with treadmill trotting [23]. Based on the latter
finding, it can be speculated whether the longer training
time for walk might be related to the differences in limb
coordination and pattern of mechanical work that exist
between walk and trot because these differences are com-
mon to both dogs and horses [33, 34].

As the training of the dogs progressed, the mean
total angular displacement and stride and stance times
soon stabilised at values not significantly different from
those obtained in the final session (Figs. 1, 2, 3 and 4).
This indicates that a marked gait adaptation occurred
already during the initial walking sessions. However, the
between-stride variability of the same variables, quanti-
fied as the intra-individual standard deviation over all
strides recorded during a 10-s motion capture period,
continued to decrease over a longer time before non-
significant levels were reached (Tables 1, 2). This is in
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accordance with previous studies in humans [11, 35]
and horses [23] and in trotting dogs [25]. Thus, the gen-
eral pattern for treadmill gait adaptation appears to be
that a longer training time is required to reduce variabil-
ity of the gait variables, compared with the time needed
for the gait to be just on average similar to the subject’s
gait when fully accustomed [23, 25, 35]. This stresses the
need to not only assess mean values but also variability to
determine whether a subject is fully accustomed to tread-
mill locomotion at a particular gait.

When comparing the literature on treadmill training of
humans and horses at walk, it can be noted that the cri-
teria for when a subject is considered sufficiently accus-
tomed to treadmill locomotion varies somewhat between
studies. In both an early human study and an equine
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(error bars) for the stride time, left forelimb (LF) and left hind limb (LH)
stance in dogs (n = 25) walking on a treadmill at 0.78 m/s. Motion
capture periods deviating significantly (P < 0.05) from the final
motion capture period (6.4) are marked “*"

study, full habituation was considered to have occurred
when a consistent gait pattern was re-established in less
than 1 or 2 min when returning to the treadmill for a new
session [11, 23]. However, in later human studies, the sub-
jects were considered to be sufficiently accustomed when
a stable gait pattern was observed after 5 to 10 min [26, 27,
32, 35]. The current study therefore assessed how time to
habituation was affected if a 1-min acclimatization period
was allowed for at the beginning of each session. Dogs
were fully habituated to treadmill walking in the fifth ses-
sion at the slower speed (0.78 m/s) and in the sixth session
at the higher speed (0.96 m/s). In these respective sessions
none of the measured variables, neither mean values nor
SDs, differed significantly from the last motion capture



Gustas et al. Acta Vet Scand (2016) 58:87 Page 6 of 8

Table 1 Spatiotemporal variables

Speed 0.78 m/s 0.96 m/s

P-level <0.001 <0.01 <0.05 <0.05* <0.001 <0.01 <0.05 <0.05*

Stride time 1.2 3.1 4.1 24 2.1 4.2 54 54

Stance time LF 1.1 12 13 13 1.2 1.8 24 24

Stance time LH 13 2.1 3.1 24 2.1 4.1 44 44

Relative stance n/a n/a n/a n/a n/a n/a n/a n/a
time LF

Relative stance 1.2 1.5 2.1 1.7 1.1 1.1 13 13

time LH

Between-stride variability decrease for stride and stance times during treadmill training of dogs (n = 25) in walk at 0.78 and 0.96 m/s, respectively. Table values
represent the last 10-s motion capture period during which the intra-individual SDs were significantly higher compared with the final motion capture period (6.4),

determined from a paired Wilcoxon sign rank test

# First two motion capture periods in each session excluded

Table 2 Angular displacements

Speed 0.78 m/s 0.96 m/s

P-level <0.001 <0.01 <0.05 <0.05* <0.001 <0.01 <0.05 <0.05*
Elbow 1.5 2.1 23 23 33 5.2 54 54
Carpus n/a n/a n/a n/a 5.1 5.1 54 54
Stifle 1.2 3.1 4.1 24 1.8 32 5.1 43
Tarsus 14 2.1 3.1 1.8 32 5.1 5.1 44

Between-stride variability decrease for the stride total angular displacement of the elbow, carpus, stifle and tarsus during treadmill training of dogs (n = 25) in walk at
0.78 and 0.96 m/s, respectively. Table values represent the last 10-s motion capture period during which the intra-individual SDs were significantly higher compared
with the final motion capture period (6.4), determined from a paired Wilcoxon sign rank test

# First two motion capture periods in each session excluded

period (6.4), not even during the first minute of the ses-
sion (motion capture periods 5.1-2 and 6.1-2, respec-
tively). If the first minute of treadmill walking at each
speed (motion capture period X.1 and X.2) are excluded
and referred to as acclimatization period, then habitu-
ation was achieved already in the third session at the
slower speed (0.78 m/s). At the higher speed (0.96 m/s),
however, time to habituation did not differ depending on
whether a 1-min acclimatization was allowed for or not;
at this speed significant differences compared with the
last motion capture period (6.4) were found even in the
last motion capture period of the fifth session. A change
in speed within the same gait thus seems to be equivalent
to a break because the slower walk always preceded the
faster walk in each session and yet the dogs required more
training time to habituate in the faster walking speed. One
reason habituation was achieved with less training time at
the slower speed may be that this speed better matched
the dogs’ preferred walking speed, and that it was there-
fore relatively more demanding for the dogs to adapt to
treadmill walking at the faster speed.

An important aim of the current study was to evalu-
ate the training time needed for dogs to get accustomed

to treadmill walking. Our results suggest that five 8- to
10-min sessions during two consecutive days is suffi-
cient to ensure full habituation to treadmill walking, and
that two training sessions on a single day may be suffi-
cient if the dogs are allowed a 1-min acclimatisation
period after a break or change in speed. However, some
limitations must be considered if our findings are to be
applied as guidelines for treadmill training of dogs in
future studies. One limitation is the duration of the train-
ing period. Two days of training is still a relatively short
period and possibly additional more subtle adaptations
may have continued if the training had continued. The
time to full habituation would then have been longer, if
variable values had been compared to values obtained
after e.g. 2 weeks of daily training. Another limitation is
the observed variation in required training time between
speeds, and also between individuals. The fact that
between-stride variability at group level did not decrease
significantly after the fifth session does not imply that
every single individual had reached minimum between-
stride variability at that point. Finally, the systematic
difference between the two speeds, as discussed above,
indicates that the choice of walking speed influences the
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training time needed. Because of these limitations it is
advisable that a margin of safety is applied if training time
is scheduled based on the results of the current study to
ensure that a particular dog is fully accustomed to tread-
mill walking in an arbitrary speed.

Conclusions

Being unfamiliar with treadmill walking significantly
affects kinematic and spatiotemporal variables, initially
both measurement mean values and between-stride vari-
ability. Longer treadmill training is needed to achieve
low-normal between-stride variability, compared with
the time needed to obtain stable measurement mean
values. To obtain reliable data for gait analysis, it must
therefore be ensured that participating dogs are fully
accustomed to treadmill walking. The current study pro-
vides some guidance to the training time needed, but
variation between individuals and the difference found
between a slower and faster walking speed indicates that
generalising the guidance to other groups of walking dogs
should be done with caution.

Authors’ contributions

PG contributed on conception and design of the study, acquisition, tracking,
analysis and interpretation of data and writing the article. KP and SH contrib-
uted on conception and design of the study, acquisition and tracking of data
and drafting the manuscript. ASL contributed on conception and design of
the study, drafting and critically revising the manuscript. AB contributed on
conception and design of the study, analysis and interpretation of data and
writing and revising the manuscript. All authors read and approved the final
manuscript.

Author details

! Department of Clinical Sciences, Faculty of Veterinary Medicine and Animal
Husbandry, Swedish University of Agricultural Sciences, Box 7054, 750 07 Upp-
sala, Sweden. 2 University Animal Hospital, Swedish University of Agricultural
Sciences, Box 7040, 750 07 Uppsala, Sweden. 3 Department of Anatomy,
Physiology and Biochemistry, Faculty of Veterinary Medicine and Animal Hus-
bandry, Swedish University of Agricultural Sciences, Box 7011, 750 07 Uppsala,
Sweden. * Present Address: Evidensia Specialistdjursjukhuset Helsingborg,
Bergavégen 3, 250 23 Helsingborg, Sweden.

Acknowledgements

This study was supported with funds provided by Agria Animal Insurance and
the Swedish Kennel Club's Foundation for Research. The authors thank Sophia
Alanko, University Animal Hospital, SLU, for excellent dog handling during the
treadmill sessions.

Competing interests
The authors declare that they have no competing interests.

Received: 15 January 2016 Accepted: 24 November 2016
Published online: 28 December 2016

References

1. Drevemo S, Dalin G, Fredricson |, Hjerthén G. Equine locomotion 1. The
analysis of linear and temporal stride characteristics of trotting standard-
breds. Equine Vet J. 1980;12:60-5.

2. Budsberg SC, Verstraete MC, Soutas-Little RW. Force plate analysis of the
walking gait in healthy dogs. Am J Vet Res. 1987;48:915-8.

20.

21.

22.

23.

24.

25.

Page 7 of 8

DeCamp CE, Soutas-Little RW, Hauptman J, Olivier B, Braden T, Walton A.
Kinematic gait analysis of the trot in healthy greyhounds. Am J Vet Res.
1993;54:627-34.

Allen K, Decamp CE, Braden TD, Bahns M. Kinematic gait analysis of

the trot in healthy mixed breed dogs. Vet Comp Orthop Traumatol.
1994,7:148-53.

Hottinger HA, DeCamp CE, Olivier NB, Hauptman JG, SoutasLittle RW.
Noninvasive kinematic analysis of the walk in healthy large-breed dogs.
Am J Vet Res. 1996;57:381-8.

Jevens DJ, Hauptman JG, DeCamp CE, Budsberg SC, Soutas-Little RW.
Contributions to variance in force-plate analysis of gait in dogs. Am J Vet
Res. 1993;54:612-5.

Roush JK, McLaughlin RM Jr. Effects of subject stance time and velocity
on ground reaction forces in clinically normal greyhounds at the walk.
Am J Vet Res. 1994;12:1672-6.

Bennett RL, DeCamp CE, Flo GL, Hauptman JG, Stajich M. Kinematic gait
analysis in dogs with hip dysplasia. Am J Vet Res. 1996,57:966-71.

Lee DV, Bertram JE, Todhunter RJ. Acceleration and balance in trotting
dogs. J Exp Biol. 1999;202:3565-73.

. Bertram JEA, Lee DV, Case HN, Todhunter RJ. Comparison of the

trotting gaits of labrador retrievers and greyhounds. Am J Vet Res.
2000,61:832-8.

. Wall JC, Charteris J. A kinematic study of long-term habituation to tread-

mill walking. Ergonomics. 1981;24:531-42.

. Fredricson |, Drevemo S, Dalin G, Hjertén G, Bjorne K, Rynde R, et al. Tread-

mill for equine locomotion analysis. Equine Vet J. 1983;15:111-5.

. Vilensky JA, O'Connor BL, Brandt KD, Dunn EA, Rogers PI, DeLong CA.

Serial kinematic analysis of the unstable knee after transection of the
anterior cruciate ligament: temporal and angular changes in a canine
model of osteoarthritis. J Orthop Res. 1994;12:229-37.

. Bockstahler B, Muller M, Henninger W, Mayrhofer E, Peham C, Podbre-

gar |. Kinetic and kinematic motion analysis of the forelimbs in sound
Malinois dogs—sampling of basic values. Wien Tierarztl Monatschr.
2008;95:127-38.

. Holler PJ, Brazda V, Dal-Bianco B, Lewy E, Mueller MC, Peham C, et al.

Kinematic motion analysis of the joints of the forelimbs and hind limbs of
dogs during walking exercise regimens. Am J Vet Res. 2010,71:734-40.

. Marsolais GS, McLean S, Derrick T, Conzemius MG. Kinematic analysis of

the hind limb during swimming and walking in healthy dogs and dogs
with surgically corrected cranial cruciate ligament rupture. J Am Vet Med
Assoc. 2003;222:739-43.

. Tashman S, Anderst W, Kolowich P, Havstad S, Arnoczky S. Kinematics of

the ACL-deficient canine knee during gait: serial changes over two years.
J Orthop Res. 2004;22:931-41.

. Bockstahler BA, Henninger W, Muller M, Mayrhofer E, Peham C, Podbregar

I. Influence of borderline hip dysplasia on joint kinematics of clinically
sound Belgian shepherd dogs. Am J Vet Res. 2007;68:271-6.

. Sanchez-Bustinduy M, de Medeiros MA, Radke H, Langley-Hobbs S,

McKinley T, Jeffery N. Comparison of kinematic variables in defining
lameness caused by naturally occurring rupture of the cranial cruciate
ligament in dogs. Vet Surg. 2010;39:523-30.

de Medeiros M, Bustinduy MS, Radke H, Langley-Hobbs S, Jeffery N. Early
kinematic outcome after treatment of cranial cruciate ligament rupture
by tibial plateau levelling osteotomy in the dog. Vet Comp Orthop Trau-
matol. 2011,24:178-84.

Abdelhadi J, Wefstaedt P, Nolte |, Schilling N. Fore-aft ground force adap-
tations to induced forelimb lameness in walking and trotting dogs. PLoS
ONE. 2012;7:€52202.

Fischer S, Anders A, Nolte |, Schilling N. Compensatory load redistribution
in walking and trotting dogs with limb lameness. Vet J. 2013;197:746-52.
Buchner HHF, Savelberg HHCM, Schamhardt HC, Merkens HW, Barn-
eveld A. Habituation of horses to treadmill locomotion. Equine Vet J.
1994;26(Suppl 17):13-5.

Clements DN, Owen MR, Carmichael S, Reid SWJ. Kinematic analysis of
the gait of 10 Labrador retrievers during treadmill locomotion. Vet Rec.
2005;156:478-81.

Gustas P, Pettersson K, Honkavaara S, Lagerstedt AS, Bystrom A. Kinematic
and temporospatial assessment of habituation of Labrador retrievers to
treadmill trotting. Vet J. 2013;198:114-9.



Gustas et al. Acta Vet Scand (2016) 58:87

26.

27.

28.

29.

30.

Matsas A, Taylor N, McBurney H. Knee joint kinematics from familiarised
treadmill walking can be generalised to overground walking in young
unimpaired subjects. Gait Posture. 2000;11:46-53.

Van de Putte M, Hagemeister N, St Onge N, Parent G, de Guise JA. Habitu-
ation to treadmill walking. Biomed Mater Eng. 2006;16:43-52.

Owen MR, Richards J, Clements DN, Drew ST, Bennett D, Carmichael S.
Kinematics of the elbow and stifle joints in greyhounds during treadmill
trotting—an investigation of familiarisation. Vet Comp Orthop Traumatol.
2004;17:141-5.

Fanchon L, Valette JP, Sanaa M, Grandjean D. The measurement of ground
reaction force in dogs trotting on a treadmill: an investigation of habitua-
tion. Vet Comp Orthop Traumatol. 2006;19:81-6.

Fanchon L, Grandjean D. Habituation of healthy dogs to treadmill trot-
ting: repeatability assessment of vertical ground reaction force. Res Vet
Sci. 2009;87:135-9.

32.

33

34.

35.

Page 8 of 8

. Faber M, Johnston C, van Weeren PR, Barneveld A. Repeatability of

back kinematics in horses during treadmill locomotion. Equine Vet J.
2002;34:235-41.

Taylor NF, Evans OM, Goldie PA. Angular movements of the lumbar spine
and pelvis can be reliably measured after 4 minutes of treadmill walking.
Clin Biomech. 1996;11:484-6.

Cavagna GA, Heglund NC, Taylor CR. Mechanical work in terrestrial loco-
motion: two basic mechanisms for minimizing energy expenditure. Am J
Physiol. 1977,233:243-61.

Biewener AA. Patterns of mechanical energy change in tetra-

pod gait: pendula, springs and work. J Exp Zool A Comp Exp Biol.
2006;305:899-911.

Zeni JA, Higginson JS. Gait parameters and stride-to-stride variability
during familiarization to walking on a split-belt treadmill. Clin Biomech.
2010;25:383-6.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Kinematic and spatiotemporal assessment of habituation to treadmill walking in Labrador retrievers
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Animals
	Data collection
	Statistical methods

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




