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A study using a canine hydrotherapy treadmill at five different
conditions to kinematically assess range of motion of the
thoracolumbar spine in dogs
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Background: Incline treadmill and underwater treadmill (UWTM) exercises are com-
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recovering from spinal surgery. Early use of an incline during UWTM exercise may have

dorsoventral movement of the spine may be excessive meaning it is unsuitable in some
Effects of inclined underwater treadmill

exercise on range of motion of the canine
thoracolumbar spine Objectives: The purpose of this study was to identify changes in canine spinal kine-

circumstances.

matics in dogs when using a dry treadmill at different angles of incline compared to an
underwater treadmill using the same inclines.

Methods: Eight dogs were encouraged to walk on a dry, horizontal, underwater tread-
mill as well as under the same conditions with both a 10% and 20% incline. This was
then repeated at a 10% and 20% incline with the addition of water to hock level. Data
were collected using reflective anatomical markers placed at the occipital protuber-
ance, T1,T13,L3,L7 and sacral apex, captured by a high-speed camera facing the lateral
aspect of the treadmill. Dorsoventral motion of the spine as well as flexion, extension
and range of motion (ROM) of T1, T13, L3 and L7 were recorded.

Results: We found significant differences in dorsoventral spinal ROM at T1, L3 and L7,
but no significant differences in T13 ROM. No significant differences were found in
flexion and extension of any of the joints assessed when comparing dry conditions to
the use of water (P>0.05).

Conclusions: The lack of significant differences in joint flexion and extension at T1,
T13,L3 and L7 indicates the potential safe use of combining underwater treadmill and
incline exercise in canine rehabilitation. However, a lack of uniformity in results makes
distinguishing any patterns of significance difficult. More research is needed to estab-
lish the effects of these exercises in additional planes of motion before a treatment

protocol can be established.
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1 | INTRODUCTION

Incline treadmill and underwater treadmill (UWTM) exercises are
commonly used in canine fitness and rehabilitation programmes
(Bertocci et al, 2018), but are often used in isolation from each
other for the rehabilitation of dogs with spinal pathologies or fol-
lowing spinal surgeries (Hamilton et al., 2004; Carr et al., 2013).
A number of aquatic treadmill systems enable the combination of
aquatic exercise and incline exercise, however, there is currently no
published research on the effects of combining these exercises in
dogs, which may enable earlier loading and strengthening of the pelvic
limb musculature (Carr et al., 2013). Preventing excessive atrophy
of pelvic limb musculature where a spinal pathology is present is a
significant challenge to therapists but incline exercises are generally
only introduced once the patient is able to bear increased weight on
the pelvic limbs (Hamilton et al., 2004; Carr et al., 2013). Conversely,
some equine studies have shown that higher water depths may not
be suitable for horses with existing back pathologies due to increased
thoracolumbar movement (Nankervis et al., 2014; Nankervis et al.,
2016; Tranquille et al., 2017). We speculated that the combination
of incline and UWTM exercises may encourage pelvic limb engage-
ment earlier in the rehabilitation process (Dycus et al., 2017), by
decreasing the total weight supported by the patient (Levine et al,,
2010); however, we also wanted to understand if excessive movement
would be created which may make the combination unsuitable for
some canine patients with back pathologies. Using an UWTM with
an incline may assist in reducing the extent of muscular atrophy,
encourage recovery of neuromotor control mechanisms, and reduce
recovery time (Olby et al., 2005). However, we hypothesised that an
inclined under water treadmill would create excessive dorsoventral
movement of the spine, making it unsuitable for some rehabilitation

programmes.

2 | MATERIALS AND METHODS

2.1 | Animals

Four female and four male dogs were used for the trial. Breeds were
three Terriers, two cross breeds, one Pug, one Bodeguero and one
Cocker Spaniel. Age varied (4.38 years + 2.89; range 1 to 10 years),
as did body mass (11.69 kg + 6.52; range 6.05 to 22.05 kg), and height
(40.63 cm + 11.59; range 28 to 59 cm). Inclusion within the study was
dependant on a gait assessment carried out by a veterinarian prior to
data collection to confirm each dog was fit and well, having no existing
orthopaedic conditions. Because all dogs met these criteria, none were
excluded.

All dogs were provided by the research institution staff mem-
bers, and as such were routinely used for hydrotherapy practical
demonstrations for students. A period of additional habituation to
the UWTM in both wet and dry conditions was therefore not deemed

necessary.

2.2 | Experimental design

Dogs were randomly allocated into two groups of four animals; group
one was exposed to each incline without water, followed by exposure to
each incline grade with the addition of water; group two were exposed
to each incline with water, followed by exposure to the same incline
without water. Subsequent randomisations occurred within these two
groups to establish the order of incline gradient exposure, with two
animals from each group being exposed to both conditions at the 10%
grade incline followed by the 20% grade incline, and the remaining ani-
mals being exposed to conditions at the 20% grade incline followed
by the 10% grade incline. A final randomisation occurred to establish
treatment order. All animals were first exposed to the flat condition
without water to establish the baseline spinal kinematics which acted
as each participant’s control. Water level was in line with the hock of
each participant, with water level adjusted as necessary when incline
was applied to ensure the water level remained at hock height. A
Canine Hydro-Physio Aqua Treadmill (Tudor treadmills, Sheffield, UK)
was used for the treadmill exercise.

2.3 | Data collection

Reflective spinal markers were attached to the dog’s fur using a com-
mercially available double-sided tape at the occipital protuberance, the
dorsal spinous process of T1, the dorsal spinous process of T13, the
dorsal spinous process of L3, the dorsal spinous process of L7, and
the sacral apex, which were located by palpation by the researcher.
The same researcher applied the markers and lead the dog into the
treadmill, which remained consistent across participants to control
variation. A handler treadmill, in front of each animal to ensure dogs
continued to move with the belt, however, interference by the handler
was kept to a minimum with any strides captured at points of inter-
ference removed for data analysis purposes. The treadmill itself was
operated by a qualified hydrotherapist.

Each dog was allowed to walk at a pace deemed appropriate for
the animal as it could not be standardised across participants due to
breed variances in height and stride length. Once pace was estab-
lished horizontally on the dry treadmill, it was recorded and maintained
throughout the subsequent data collections. Dogs were exposed to
each condition for a minimum of 2 min, prior to data capture recording
lasting 20 s, or until three consecutive walking strides without lateral
head movement were captured. A 2-min rest period then occurred
whilst conditions were changed to reduce the effects of fatigue.

A single high-speed camera (Quintic USB3 1.3 MPixel, Quintic Con-
sultants, Birmingham, UK) was positioned 1 m away from the treadmill,
capturing the left side of the dog at 300 Hz and 1280x500 pixels,
with a field of view capturing the full area of the treadmill window
(approximately 2 m). A halogen light was used to illuminate the mark-
ers. High-speed video data were recorded and downloaded to a laptop
and processed using two-dimensional motion capture (Quintic Biome-

chanics v31, Quintic Consultants, Birmingham, UK). Automatic marker
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FIGURE 1 lllustration of how flexion and extension of the lumbar
and thoracic vertebrae are measured in dogs by using reflective
markersat T1,T13and L3

tracking was used to investigate T1, T13, L3 and L7 angular displace-
ment, including maximum flexion, maximum extension and range of
motion (ROM). This was calculated by measuring the angular displace-
ment data for each marker versus the markers cranial and caudal to it
- for example, T13 angular displacement was calculated using T1, T13

and L3 data, as can be seen in Figure 1.

2.4 | Statistical analysis

Statistical analysis was performed in SPSS [v25, IBM Corporation,
Armonk, NY, USA)]. Kinematics outcome parameters were assessed
for normality using Shapiro-Wilk test of normality. The conditions flat,
10% incline dry, 20% incline dry, 10% incline with water and 20%
incline with water were compared using either repeated measures
ANOVA (for parametric data) or Friedman'’s test (for non-parametric

data). Post-hoc tests applying Bonferroni correction followed when a
significance was encountered. Significance value of p<0.05 was set.

3 | RESULTS

The mean joint angles and ROM (+ standard deviation) can be seen in
Table 1. Mean joint angles were established by measuring movement
of each marker relative to the markers cranial and caudal to it. For
example, T1 used the angular differences between the occipital protu-
berance and T13 as shown in Figure 1. We found significant differences
in dorsoventral spinal ROM at T1, L3 and L7, but no significant differ-
ences in T13 ROM or flexion and extension of any of the joints assessed

when comparing dry conditions to the use of water (P>0.05).

31 I T1

T1 ROM was analysed by repeated measures ANOVA and showed
statistically significant differences between the different conditions,
F(4, 24) = 2.913, p = 0.043. Post-hoc analysis revealed that ROM
was statistically significantly decreased with 20% grade incline when
compared to flat (—6.629 (95% Cl, —12.774 to —0.483)°, p = 0.039),
and statistically significantly decreased with 10% grade incline when
compared to 20% grade incline with water (—6.431 (95% Cl, —12.173
to —0.690) °, p = 0.034) (Figure 2).

32 | L3

L3 ROM was analysed using Friedman’s test and decreased from (data
are median) 5.21° at a 10% grade incline with water to 5.01° at a 20%
grade incline with water. It then decreased to 4.20° at flat to 4.10° at
a 20% grade incline, and finally to 3.54° at a 10% grade incline. ROM

was statistically significantly different with the different conditions,

TABLE 1 Meanjoint angles + standard deviation for each condition at the four levels measured (T1, T13, L3, L7) of dogs at walk on treadmill n
=8
Joint Condition Flat 10% 20% 10% WW 20% WW
T1 Mean flexion (°) 185.2 + 8.5° 193.2 + 9.8° 187.5+ 10.8° 188.6 + 11.4* 187.6 + 9.6°
Mean extension (°) 204.7 + 10.8* 204.0 + 12.72 200.3 + 13.8° 205.5 + 16.5% 204.8 + 13.72
Mean ROM 19.5 + 7.0*P 10.8 + 5.1°¢ 12.8 + 5.9 16.8 + 6.4>bcd 17.2 + 7.82¢
T13 Mean flexion (°) 1755 + 7.92 177.1 + 8.12 174.2 + 6.8° 171.6 + 10.72 174.2 + 10.9°
Mean extension (°) 182.1 + 6.8* 183.5 + 8.3° 180.6 + 8.2° 182.7 + 12.2° 182.8 + 11.6*
Mean ROM 7.8 + 4.7 64 + 1.6% 7.0 + 2.4° 11.0 + 8.5% 8.6 + 2.3%
L3 Mean flexion (°) 166.0 + 6.2° 167.0 + 7.5° 165.9 + 9.4° 164.9 + 8.3° 165.2 + 7°
Mean extension (°) 171.3 + 4.8 171.2 + 6.2° 171.3 + 5.8° 172.5 + 6.52 171.6 + 5.6°
Mean ROM 52 + 2.5%b 42 +23° 54 + 4.9%b 7.2 + 6.2 6.3 + 3.6
L7 Mean flexion (°) 163.0 + 37 165.6 + 5.0° 166.1 + 5.6° 165.2 + 7.0° 167.2 + 7.1°
Mean extension (°) 1715 + 5.3% 1714 + 6.1° 172.9 + 4.6° 176.7 + 5.1° 175.6 + 6.5°
Mean ROM 84 + 3.3% 58 + 1.9° 6.8+ 3.42° 11.5 + 5.1¢ 8.4+ 3.0°¢

abcd Different letters within each row denote significant differences (p<0.05)
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FIGURE 2 Range of motion of the vertebrae at T1 (°) in dogs (n =
8) walking during each of the following treadmill conditions: Flat
(control), 10% dry incline, 20% dry incline, 10% wet incline and 20%
wet incline. Standard error is shown. Different letters above each bar
denote significant differences by repeated measures ANOVA (p<0.05)
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FIGURE 3 Range of motion at the L3 vertebrae in dogs (n = 8)
walking on a treadmill in different conditions: Flat (control), 10% dry
incline, 20% dry incline, 10% wet incline and 20% wet incline. The
bottom and top of the box are the first and third quartiles, and the
band inside the box is the second quartile (the median). The lines
extending vertically from the boxes (whiskers) indicate the minimum
and maximum of all of the data. Different letters above each box
denote significant differences by Friedmans test (p<0.05)

X2 (9) = 14.311, p = 0.006. Post-hoc analysis revealed statistically
significant differences in L3 ROM between 10% grade incline without
water (Mdn = 3.53°) and 10% grade incline with water (Mdn = 5.21°)
(b = 0.01), and 10% grade incline without water (Mdn = 3.54°) and
20% grade incline with water (Mdn = 5.01°) (p = 0.017) (Figure 3).

33 | L7

ROM at L7 was analysed by repeated measures ANOVA and statisti-
cally significantly different between the different conditions, F(4, 28) =
7.174,p =0.000415. Post-hoc analysis revealed that ROM was statisti-
cally significantly decreased with flat condition when compared to both
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FIGURE 4 Range of motion of the vertebra at L7 (°) in dogs (n = 8)
using a treadmill under each of the following conditions: Flat (control),
10% dry incline, 20% dry incline, 10% wet incline and 20% wet incline.
Standard error is shown. Different letters above each bar denote
significant differences by repeated measures ANOVA (p<0.05)

10% grade incline with water (=3.072 (95% Cl, —6.085 to —0.060)°, p
=0.047) as well as 10% grade incline without water (-2.648 (95% Cl,
—4.326t0-0.969)°,p =0.007). Similarly, ROM decreased at 10% grade
incline when compared to 10% grade incline with water (—5.720 (95%
Cl, —9.406 to —2.034)°, p = 0.008), 10% grade incline when compared
to 20% grade incline with water (—2.628 (95% Cl, —4.302 to —0.953)°,
p=0.008), and 20% grade incline when compared to 10% grade incline
with water (—4.680 (95% Cl, —8.375 to —0.985)°, p = 0.020) (Figure 4).

4 | DISCUSSION

This study found significant differences in the full ROM of the ver-
tebra at T1, L3 and L7, when comparing canine gait on a dry versus
a wet treadmill, however, no significant differences were found in
the degree of flexion and extension of any joints using the same
comparison.

Upon analysis of data across all joints, it became apparent that
the greatest degree of joint extension was never observed during flat
motion. The greatest ROM of three out of four joints was seen at a 10%
grade incline with water, with the exception of T1. The least amount of
joint flexion (greatest joint angles) of three out of four joints occurred
ata 10% grade incline, with L7 being the exception. Furthermore, a 10%
gradeincline also resulted in the lowest ROM of three out of four joints,
with T13 being the exception. Nevertheless, the lack of consistency of
results is apparent, and comparability difficult. Clear and consistent
patterns in data, that could distinguish differences in motion of the
joints between treadmill conditions, were therefore not evident in the
results from this trial but would warrant further study using a larger or
more homogenous sample.

A lack of research on canine spinal motion during incline walking
or on an UWTM presents a challenge in comparing the results of this
study to existing literature. Gradner et al. (2007) looked at vertical and
transverse spinal ROM in canines walking on an on-land treadmill with
no inclinations and highlighted that the thoracolumbar spine had min-
imal vertical ROM when compared to the S3 marker, but had greater
transverse ROM. The authors stipulated that the greater vertical ROM
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at the lumbar and sacral spine may be due to a change in articular facet
position from horizontal to sagittal. However, the findings of this study
do not correlate with the current study, whereby no single joint had
clear increases in ROM compared to another. These differences may
be due to our sample containing dogs of varied breed and size, which
cause variances in motion (Benninger et al., 2006), whereas the study
by Gradner et al. (2007) contained participants of a single breed.

It has been shown that limb motion has a direct influence on the
motion of the spine in horses (Faber et al., 2001; Greve and Dyson,
2014); however, only one study has shown similar results in canine
research that combines limb and spinal kinematic data (Aleotti et al.,
2008). Both incline exercise and UWTM exercises have been shown to
alter limb joint ROM in horses and dogs (Holler et al., 2010; Mendez-
Angulo et al., 2013; Mooij et al., 2013), with ramp ascents of 11% grade
inclination significantly increasing flexion of the elbow, carpal, hip and
tarsal joints, as well as increasing extension of the carpal and stifle
joints in dogs (Holler et al., 2010). In horses, the addition of water dur-
ing UWTM exercise has been shown to increase distal limb joint ROM
(Mendez-Angulo et al., 2013; Nankervis et al., 2016). Limb kinematics
were not assessed during the current study, but it could be expected
that the effects of incline and UWTM exercise on increasing limb joint
ROM would influence spinal kinematics. Although ROM of T1, L3 and
L7 were significantly different, these changes were somewhat random
between conditions. The flat condition occasionally resulted in greater
ROM than the incline and aquatic conditions, despite the changes in
limb joint ROM indicated in research.

It is possible that the small changes in spinal flexion and extension
seen in this study are due to increased activation of spinal stabilisation
muscles, which occur as exercise dynamics intensify in order to pre-
vent excessive motion (Peham et al., 2001). Further research expanding
on the current study may therefore need to include assessment of the
same muscle activation in canines. This may be of clinical importance
as dogs with spinal pathologies may experience atrophy of spinal sta-
bilisers, increasing the chance of fatigue and destabilising the spinal
column if not monitored (Kim et al., 2006). Additionally, limb motion
in walk produces a snaking-like motion in the vertebra due to tension
cycles within the spinal column (Aleotti et al., 2008). This motion may
mean that greater changes in spinal kinematics are occurring in the
transverse plane, similar to those observed in horses at different gaits
(Faber et al., 2001; Zaneb et al., 2013). Further research is therefore
also required to investigate the effects of the exercises used in this
study on lateral bending of the spine.

A two-dimensional system was used to capture data for this study
due to cost and availability, and, as such, assessment of movement
across some planes was limited. Back kinematics in two dimensions
have previously been validated by Feeney et al. (2007), with sagittal
joint kinematics provided under the hypothesis that the dogs sagit-
tal plane coincides with the plane identified by the vertical axis of the
global frame and the direction of progression of the dog.

Repeating the study using a three-dimensional kinematic capture
system would provide a greater understanding of the changes that
we observed but would have to be carried out in a more specialist

environment.

A limitation of this work was that it became apparent during the
trial that ROM at T1 was greatly influenced by head and neck position,
which varied considerably between strides. This is similar to existing
equine studies, which found that head and neck position significantly
alters the kinematics of lumbar vertebra (Rhodin et al., 2005; Gémez
Alvarez et al., 2006). Attempts were made to control head and neck
position during data collection, allowing for three continuous strides to
be analysed, but it was noted that even a small amount of lateral head
movement would influence the marker position at T1.

This study only assessed the effects of the exercises with water at
hock height which has been shown to provide therapeutic benefit in
existing studies (Levine et al., 2014; Tomlinson, 2012). Similar benefi-
cial effects have been found at coxofemoral height (Levine et al., 2014;
Bertocci et al., 2018), which would suggest that studies of a similar
nature to ours, but using different water heights, may aid in estab-
lishing treatment protocols in future. Furthermore, this study only
contained clinically sounds participants with no diagnosed orthopaedic
conditions. For the combination of inclines and UWTM therapy to be
deemed suitable for the rehabilitation of spinal patients, it may be nec-
essary to complete a study assessing any potential variances in motion
between the different conditions in dogs with spinal abnormalities.

Our sample size of n = 8 was determined using the resource equa-
tion approach (Arifin and Zahiruddin, 2017) as it was not possible to
assume the standard deviation or effect size of our study. In addition,
our sample was based on convenience, which resulted in substan-
tial variances of breed, height, age and weight across participants.
Although this provided a more accurate representation of the het-
erogenous nature of the general population, it may have influenced
the reliability of data due to the anatomical differences in facet joints
between breeds can contribute to variances in motion (Smolders et al.,
2013). It is also noted that a greater sample size may have reduced the
influence of outliers. Variances in marker placement were minimised
during this trial by having a single individual complete all marker place-
ments throughout the trial. Nevertheless, cutaneous and subcutaneous
tissue can move relative to the underlying bone (Benninger et al., 2006)
which reduces the reliability of kinematic data from these types of
studies.

5 | CONCLUSION

The results from this study provide a positive basis of support for
the combining of UWTM and incline exercises in canine rehabilita-
tion. The lack of significant differences in dorsoventral spinal flexion
and extension between conditions may indicate that incline underwa-
ter treadmill exercise is suitable for spinal patients, due to the lack of
excessive spinal motion in this anatomical plane. However, a number of
other factors, not assessed in this study, may indicate the combination
of these exercises to be contraindicative in canine rehabilitation. This
study only assessed the dorsoventral motion of the spine in healthy
canines, with water limited to hock height. Prior to the combination of
these exercises being deemed safe to spinal patients, further research

is needed. The lateral flexion and extension of the vertebrae may pose a
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significant risk to spinal patients if excessive, and therefore need to be
fully investigated. Nevertheless, the results from this study provide a
basis for the potential of combining UWTM and incline exercises, which
poses a particular benefit to the rehabilitation of canines with spinal
pathologies and following spinal surgery.

AUTHOR CONTRIBUTIONS

Scott Blake: Review and editing (lead). Heidi Hodgson: Conceptualisa-
tion (lead); writing - original draft (lead); formal analysis (lead); writing
- review and editing (equal); software (equal); methodology (lead);
writing - review and editing (equal). Roberta Godoy: Conceptualisation
(supporting); writing - original draft (supporting); writing - review and

editing (supporting); software (equal).

ACKNOWLEDGEMENT

To the dogs and their owners for volunteering for this study.

CONFLICT OF INTEREST

No conflicts of interest are present with this submission.

FUNDING

No funding was received for this research.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ETHICAL ANIMAL RESEARCH

The authors confirm that the ethical policies of the journal, as noted
on the journal’s author guidelines page, have been adhered to and
approved by the Animal Welfare Ethics Committee of Writtle Univer-
sity College (protocol 98354317/2018). Although the procedures per-
formed were non-regulated, the guidelines on The Animal (Scientific
Procedures) Act 1986 were followed.

ORCID
Scott Blake & https://orcid.org/0000-0002-1435-9677
PEER REVIEW

The peer review history for this article is available at https://publons.
com/publon/10.1002/vms3.1067.

REFERENCES

Aleotti, J., Caselli, S., Bracchi, P. G., & Gosi, S. (2008). Physically-based simu-
lation of the spine in dog walking. In IEEE/RSJ International Conference on
Intelligent Robots and Systems, pp. 2283-2288.

Arifin, W. N., & Zahiruddin, W. M. (2017). Sample Size Calculation in Ani-
mal Studies Using Resource Equation Approach. Malays J Med Sci., 24(5),
101-105. https://doi.org/10.21315/mjms2017.24.5.11

Benninger, M. |, Seiler, G. S., Robinson, L. E., Ferguson, S. J., Bonél, H. M,,
Busato, A. R, & Lang, J. (2006). Effects of anatomic conformation on
three-dimensional motion of the caudal lumbar and lumbosacral por-
tions of the vertebral column of dogs. American Journal of Veterinary
Research, 67(1),43-50.

Bertocci, G., Smalley, C., Brown, N., Bialczak, K., & Carroll, D. (2018). Aquatic
treadmill water level influence on pelvic limb kinematics in cranial cru-
ciate ligament-deficient dogs with surgically stabilised stifles. Journal of
Small Animal Practice, 59(2), 121-127.

Carr, J. G, Millis, D. L., & Weng, H. Y. (2013). Exercises in canine physi-
cal rehabilitation: range of motion of the forelimb during stair and ramp
ascent. Journal of Small AnimalPractice, 54(8), 409-13. https://doi.org/10.
1111/jsap.12111

Dycus, D. L., Levine, D., & Marcellin-Little, D. J. (2017). Physical Rehabili-
tation for the Management of Canine Hip Dysplasia. Veterinary Clinics
of North America: Small Animal Practice, 47, 823-850. https://doi.org/10.
1016/j.cvsm.2017.02.006

Faber, M., Johnston, C., Schamhardt, H., van Weeren, R., Roepstorff, L., &
Barneveld, A. (2001). Basic three-dimensional kinematics of the verte-
bral column of horses trotting on a treadmill. Am J Vet Res., 62(5), 757 -64.
https://doi.org/10.2460/ajvr.2001.62.757

Feeney, L.C,, Lin, C.-F,, Marcellin-Little, D. J., Tate, A.R., Queen,R. M., & Yu, B.
(2007). Validation of two-dimensional kinematic analysis of walk and sit-
to-stand motions in dogs. American Journal of Veterinary Research, 68(3),
277-282.

Gomez Alvarez, C. B., Rhodin, M., Bobber, M. F,, Meyer, H., Weishaupt, M.
A., Johnston, C., & Van Weeren, P. R. (2006). The effect of head and
neck position on the thoracolumbar kinematics in the unridden horse.
Equine Vet J Suppl., 2006(36), 445-51. https://doi.org/10.1111/j.2042-
3306.2006.tb05585.x

Gradner, G., Bockstahler, B., Peham, C., Henninger, W., & Podbregar, I.
(2007). Kinematic study of back movement in clinically sound malinois
dogs with consideration of the effect of radiographic changes in the
lumbosacral junction. Veterinary Surgery, 36(5), 472-481.

Greve, L., & Dyson, S. (2014). Back-shape changes in sports horses. Equine
Veterinary Journal, 46(546), 53-53.

Holler, P. J.,, Brazda, V., Dal-Bianco, B., Lewy, E., Mueller, M. C.,, Peham, C,,
& Bockstahler, B. A. (2010). Kinematic motion analysis of the joints of
the forelimbs and hind limbs of dogs during walking exercise regimens.
American Journal of Veterinary Research, 71(7), 734-740.

Hamilton, S., Millis, D. L., & Taylor, R. A, et al. (2004). ‘Therapeutic exercises.’
In Canine Rehabilitation and Physical Therapy. Millis D. L., Levine D. & Tay-
lor R. A. eds. pp. 244-263. Philadelphia, PA, USA: (Saunders: St. Louis,
Missouori, USA).

Kim, H.-J,, Chung, S., Kim, S., Shin, H., Lee, J., Kim, S., & Song, M.-Y. (2006).
Influences of trunk muscles on lumbar lordosis and sacral angle. European
Spine Journal, 15(4), 409-414.

Levine, D., Marcellin-Little, D. J., Millis, D. L., Tragauer, V., & Osborne, J. A.
(2010). Effects of partial immersion in water on vertical ground reac-
tion forces and weight distribution in dogs. Am J Vet Res., 71(12), 1413-6.
https://doi.org/10.2460/ajvr.71.12.1413. PMID: 21117991.

Levine, D., Millis, D. L., Jeffrey, F., & MacGuire, L. (2014). Aquatic ther-
apy. In Canine Rehabilitation and Physical Therapy. Philadelphia, PA, USA:
Elsevier, pp. 526-542.

Mendez-Angulo, J. L., Firshman, A. M., Groschen, D. M., Kieffer, P. J., &
Trumble, T. N. (2013). Effect of water depth on amount of flexion and
extension of joints of the distal aspects of the limbs in healthy horses
walking on an underwater treadmill. American Journal of Veterinary
Research, 74(4), 557-566.

Mooij, M. J. W.,, Jans, W., den Heijer, G. J. L., de Pater, M., & Back, W. (2013).
Biomechanical responses of the back of riding horses to water treadmill
exercise. The Veterinary Journal, 198,e120-e123.

Nankervis, K. Entwistle, L., Gervaise-Brazier, S., Earl, S., & Twigg-
Flesner, A. (2014). Thoracolumbar Flexion-Extension During Water
Treadmill Walking. Equine Vet J, 46, 53-54. https://doi.org/10.1111/
evj.12267_163

Nankervis, K. J.,, Finney, P, & Launder, L. (2016). Water depth modifies back
kinematics of horses during water treadmill exercise. Equine Veterinary
Journal, 48(6), 732-736.


https://orcid.org/0000-0002-1435-9677
https://orcid.org/0000-0002-1435-9677
https://publons.com/publon/10.1002/vms3.1067
https://publons.com/publon/10.1002/vms3.1067
https://doi.org/10.21315/mjms2017.24.5.11
https://doi.org/10.1111/jsap.12111
https://doi.org/10.1111/jsap.12111
https://doi.org/10.1016/j.cvsm.2017.02.006
https://doi.org/10.1016/j.cvsm.2017.02.006
https://doi.org/10.2460/ajvr.2001.62.757
https://doi.org/10.1111/j.2042-3306.2006.tb05585.x
https://doi.org/10.1111/j.2042-3306.2006.tb05585.x
https://doi.org/10.2460/ajvr.71.12.1413
https://doi.org/10.1111/evj.12267_163
https://doi.org/10.1111/evj.12267_163

HODGSON ET AL.

WILEY -2

Olby, N., Halling, K. B., & Glick, T. R. (2005). Rehabilitation for the neurologic
patient. Vet Clin North Am Small Anim Pract, 35(6), 1389-409 viii. https://
doi.org/10.1016/j.cvsm.2005.08.004. PMID: 16260318.

Peham, C., Frey, A, Licka, T., & Scheidl, M. (2001). Evaluation of the EMG
activity of the long back muscle during induced back movements at
stance. Equine Veterinary Journal, 33(S33), 165-168.

Rhodin, C., Johnston, C., & Drevomo, S. (2005). The influence of head
and neck position on kinematics of the back in riding horses at the
walk and trot. Equine Veterinary Journal, 37(1), 7-11. [Online]. Available
from: https://beva-onlinelibrary-wiley-com.ezproxy.uwe.ac.uk/doi/abs/
10.2746/0425164054406928.[Accessed September 27, 2021b].

Smolders, L. A., Bergknut, N., Grinwis, G. C. M., Hagman, R., Lagerstedt,
A.-S., Hazewinkel, H. A. W.,, Tryfonidou, M. A, & Meij, B. P. (2013). Inter-
vertebral disc degeneration in the dog. Part 2: Chondrodystrophic and
non-chondrodystrophic breeds. The Veterinary Journal, 195(3), 292-299.

Tomlinson, R. (2012). Use of canine hydrotherapy as part of a rehabilitation
programme. The Veterinary Nurse, 3(10), 624-629.

Tranquille, C. A., Nankervis, K. J., Walker, V. A,, Tacey, J. B., & Murray, R.
C. (2017). Current knowledge of equine water treadmill exercise: What
can we learn from human and canine studies? Journal of Equine Veterinary
Science, 50,76-83.

Zaneb, H., Peham, C., & Stanek, C. (2013). Functional anatomy and biome-
chanics of the equine thoracolumbar spine: a review. Turkish Journal of
Veterinary & Animal Sciences, 37(4), Article 2. https://doi.org/10.3906/
vet-1205-45

How to cite this article: Hodgson, H., Blake, S., & de Godoy, R.
F.(2023). A study using a canine hydrotherapy treadmill at five
different conditions to kinematically assess range of motion of
the thoracolumbar spine in dogs. Veterinary Medicine and
Science, 9, 119-125. https://doi.org/10.1002/vms3.1067


https://doi.org/10.1016/j.cvsm.2005.08.004
https://doi.org/10.1016/j.cvsm.2005.08.004
https://beva-onlinelibrary-wiley-com.ezproxy.uwe.ac.uk/doi/abs/10.2746/0425164054406928
https://beva-onlinelibrary-wiley-com.ezproxy.uwe.ac.uk/doi/abs/10.2746/0425164054406928
https://doi.org/10.3906/vet-1205-45
https://doi.org/10.3906/vet-1205-45
https://doi.org/10.1002/vms3.1067

	A study using a canine hydrotherapy treadmill at five different conditions to kinematically assess range of motion of the thoracolumbar spine in dogs
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Animals
	2.2 | Experimental design
	2.3 | Data collection
	2.4 | Statistical analysis

	3 | RESULTS
	3.1 | T1
	3.2 | L3
	3.3 | L7

	4 | DISCUSSION
	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	FUNDING
	DATA AVAILABILITY STATEMENT
	ETHICAL ANIMAL RESEARCH

	ORCID
	PEER REVIEW

	REFERENCES


