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8 Simple Summary: Dog agility is an increasingly popular activity among UK dog owners however,
9 dogs taking part are at increasing risk of injury due to the demands placed upon their bodies, with

10 a recent survey stating that 33% of 1627 competing agility dogs were currently injured. The most

11 common reported injuries are to the shoulders, back and digits. The aim of this study was to

12 determine whether dog speed, weight, age or experience places the canine forelimbs under greater

13 strain when navigating a dog walk agility obstacle which may increase the risk of injury. This was

14 achieved by measuring forelimb joint angulation and ground reaction forces (GRFs) whilst dogs

15 negotiated the obstacle. Both carpal joint angle and elbow joint angle showed significant correlation

16 with agility experience, whilst elbow joint angle demonstrated significant correlation with speed.

17 None of the variables tested demonstrated a significant correlation with GRFs. Results suggest that

18 inexperienced dogs appear to place more strain through the carpal and shoulder joints at the end of

19 the dog walk whilst experienced dogs appear to place more strain through the elbow joint,

20 correlating with existing studies that show that inexperienced agility dogs have a significantly

21 greater risk of injury across all obstacles.

22 Abstract: The injury rate in agility dogs is relatively high compared to the general population. No
23  study to date has considered the biomechanical effects of the dog walk obstacle in agility trials,
24 highlighting a research need. The aim of this study was to test for correlation between dog age,
25  weight, speed, contact training method and agility experience and forelimb joint angulation and peak
26  ground reaction forces (GRFs) over this obstacle. Dogs were filmed running across a Kennel Club
27  (KC) standard dog walk whilst wearing reflective markers attached to specific anatomical points. A
28  Tekscan Comformat and a Tekscan Walkway pressure mat were secured to the dog walk contact area
29  and the ground at the end of the dog walk respectively. Joint angulation and peak forelimb GRFs
30  were recorded and analysed. A key finding is that the way a dog will move across the obstacle
31  changes depending on their level of experience, with experienced dogs showing increased flexion of
32 the elbow joints and decreased extension of the carpus compared to inexperienced competitors.
33 Higher speeds over the dog walk also resulted in significantly increased elbow joint flexion. Increased

34 joint angulation and higher GRF's are associated with a higher risk of injury.

35 Keywords: biomechanics; kinetics; kinematics; angulation

36

37  1.Introduction
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Dog agility is becoming increasingly popular amongst dog owners in the UK, with competitions,
training classes and workshops held regularly all over the country. Dogs taking part in the sport are
at an increased risk of injury due to the nature of the sport, as seen in a survey of 1627 agility dogs
where 33% were currently injured [1]. The obstacles found to be associated most frequently with
injury were the jumps, A-frame and dog walk [1,2]. Several studies have researched the impact of
jumping on the dog’s body by studying landing forces and joint angulations of dogs over jump
obstacles or A-frames [3,4,5,6,7] whilst none have considered the biomechanics of dogs over the dog

walk obstacle which is considered one of the most common sources of injury in agility dogs [2].

Research has shown that the most common sites of injury in agility dogs are the shoulders, back
and digits and that injuries are most likely to be soft tissue in nature [1,8].1t is also believed that the
greater the forces experienced by the limbs and the more acute the joint angles, the greater the strain
placed upon the dog’s body leading to a higher risk of injury [3]. In agility competition the dog must
strike a coloured area at the end of a dog walk obstacle with at least one paw (The dog walk is a raised
plank approximately 1.2m high with fixed ramps at either end. The planks are a minimum of 3.66m
in length and a maximum of 30.5cm in width). This study examined the effects on joint angulation
and forelimb GRFs when tackling this equipment, as well as considering the impact of speed, weight,

age and agility experience.

Results show that experienced agility dogs have significantly increased flexion of the elbow joint
and significantly reduced extension of the carpal joint versus inexperienced agility dogs. The dog
walk obstacle also created higher GRFs and more acute joint angulation than previously studied
agility obstacles which leads us to conclude that further research is required to ascertain the long

term health implications for dogs used in agility trials.
2. Materials and Methods

A research proposal was in February 2018 and subsequently approved in March 2018 by Writtle
University College ethics committee reference 9830530/2018.

The study population consisted of ten large dogs and two medium dogs of various breeds aged
between two and ten years old and weighing between 11.5 to 31 kilograms (KG).Each dog was graded
by experience in accordance with the official Kennel Club agility grades, ranging from grade one to

grade seven (Table 1).

d0i:10.20944/preprints201909.0158.v1
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30f10
73 Table 1. Current Kennel Club grade of dogs included in the study.
Kennel Club Grade Quantity
1 3
2 0
3 1
4 0
5 4
6 2
7 2
74 A Kennel Club standard aluminium and rubber dog walk was set up on a grass surface at a

75  height of 1.2M in accordance with Kennel Club agility regulations [9]. A pair of Brower timing gates
76 were placed at the beginning and the end of the dog walk to measure the time taken by each dog to
77  traverse the length of equipment. Two high speed video cameras were mounted on tripods opposite
78  each other and adjacent to the end of the dog walk for video capture of the dogs for joint angle
79  measurement. Video was captured at 1080p resolution and a frame rate of 240 fps. To enable the
80  angles of the joints of interest to be measured, reflective markers were attached to specific anatomical
81  locations on both forelimbs using a commercially available double-sided tape. They were placed on
82 the dorsal border of the scapula, greater tubercle of the humerus, olecranon, carpus and
83  metacarpophalangeal joint {10,4,7}. A 0.6 centimetre (cm) thick TekScan walkway pressure mat,
84  consisting of two sensors mounted on a rigid platform was set up at the bottom of the dog walk, with
85  the edge of the mat aligned flush with the end of dog walk contact and a thin yoga mat secured on
86  top with tent pegs. The mat measured 148.5 cm by 58.4 cm with a sensor panel measuring 146.3 cm
87 Dby 44.7 cm. The mat contained 4 sensors per cm? and had a maximal sample rate at 185Hz. A Tekscan
88  COMFORmat to measure forelimb GRFs was secured to the contact area at the end of the dog walk
89  plank with a yoga mat attached on top via duct tape to protect the pressure sensors from the dogs’
90  claws. The dimensions of the Tekscan COMFORmat were 571.5 mm by 627.4 mm and the sensor
91  panel was 471.4 mm by 471.4 mm. The mat contained 1027 sensors with a density of 0.5 sensors per
92  cm? with the capacity to measure up to 34 kPa. It was connected to a laptop via wireless internet
93  through a transmitter and the sampling rate was 100 Hz. Both mats were also secured to the ground

94 with tent pegs and were calibrated before data collection.
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95 Once the anatomical markers were applied to each dog by a single researcher they were ‘warmed

96  up’ by following the standard warm-up procedure used by the handler before normal agility training

97  or competition. This minimised any risk of injury to the dogs and simultaneously allowed for the

98  dogs to become accustomed to wearing the markers. Once warmed up, the dogs were set up in a wait

99  area5metres away from the beginning of the dog walk. The owner then released the dog and handled
100 it over the dog walk as they would normally in training or competition. As each dog completed the
101  equipment, they ran through the timing gates to provide an accurate value for the length of time
102  taken to move from one end of the dog walk to the other. Video recording was collected as the dog
103  ran down the end of the dog walk and was analysed later using Quintic biomechanics software to
104  identify the angles of the marked joints. Joint angles were recorded for the shoulder, elbow and
105 carpus on both forelimbs and analysis was taken from the video frame captured at the point of
106  maximum weight-bearing during the last stride of each forelimb on the dog walk. At the same time,
107  the Tekscan COMFORMAT recorded GRFs for the forelimbs as they struck the contact zone at the
108  end of the dog walk. Forelimb joint angles were also analysed from the video frame recorded as the
109  forelimbs initially made contact with the ground after the dog walk at the point of maximum weight-
110  bearing. The Tekscan Walkway pressure mat also recorded GRFs for the forelimbs as they struck the
111  ground immediately after the dog walk. The dogs were rewarded by the owner at the end of the
112 exercise in the manner in which the owner would normally provide a reward. The dog walk was

113 repeated three times for each dog.

114 A mean value was taken from the three values recorded for each joint on the left and right
115  forelimb on the dog walk contact and on the ground. A mean value was then taken from the means
116  calculated for the left and right forelimbs to provide an average angle for each joint across both
117  forelimbs. These mean values were used to assess for correlation between joint angulation on the dog
118  walk contact and ground and four independent variables: agility experience, speed, age and weight.
119  The same correlation assessment was performed for forelimb GRFs, which were taken from the mean
120  forelimb GRF recorded for the dog walk contact and the ground at the end of the dog walk. GRF

121  recordings were taken from the peak pressure point of the first forelimb to strike both mats.

122 Agility experience was taken as the KC grade for each dog and speed was taken from the mean
123 value recorded for the time taken for each dog to complete the dog walk. All data sets were assessed
124 fornormality prior to correlation testing using a Shapiro-Wilk test. For parametric data sets, Pearson’s
125  product-moment correlation was used to assess for significant correlation between variables. For
126  non-parametric data sets, Spearman’s rank-order correlation was used. Dogs were also sorted into
127  two categories by dog walk contact training method: running and stopped. Significant differences in
128  joint angulation and forelimb GRFs between running and stopped contact training methods were
129  tested for using either an independent sample t-test or a Mann-Whitney U test, depending on whether

130  aShaprio-Wilk test determined the data sets to be parametric or non-parametric.
131

132  3.Results

133 3.1. Joint angulation
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3.1.1. Agility experience

All data sets for KC grade and joint angles on the dog walk contact and ground were found to
be non-parametric following a Shapiro-wilk test. Therefore, Spearman’s rank-order correlation
was run to determine the relationship between joint angle and Kennel Club grade. A strong
positive correlation between KC grade (Median=5) and carpal joint angle (Median=144.92) on
the dog walk contact was found, which was statistically significant (r=0.579, n=12, p=0.048)
(Figure 1). Carpal joint angle on the ground (Median=138.98) and KC grade (Median=5) was
observed to have a weak positive correlation. However, this was not considered statistically
significant (r=0.277, n=12, p=0.383)
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Figure 1. Correlation between Kennel Club grade and mean carpal joint angle on the dog walk
contact

For the elbow joint angle on the dog walk contact (Median=68.82), a strong negative correlation
was observed in relation to KC grade (Median=5), which was found to be statistically significant
(r=-6.08, n=12, p=0.036) (Figure 3). A moderate negative correlation between elbow joint angle
on the ground (Median=80.02) and KC grade (Median=5) was also observed, but this was not
statistically significant (r=-0.493, n=12, p=0.103) (figure 2).

d0i:10.20944/preprints201909.0158.v1
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Figure 2. Correlation between Kennel Club grade and mean elbow joint angle on the dog walk

The shoulder joint angle for the dog walk (Median=97.34) and the ground (Median=97.61) were found
to have a weak positive and moderate positive correlation with KC grade respectively, however no
statistical significance was found for the shoulder joint angle on the dog walk (r=0.191, n=12, p=0.553)
or the shoulder joint angle on the ground (r=0.309, n=12, p=0.328).

3.1.2. Speed

All data sets for time taken to complete the dog walk and joint angles on both the dog walk contact and
the ground were found to be non-parametric following a Shapiro-wilk test. Therefore, Spearman’s rank-
order correlation was run to determine the relationship between each joint angle and the time taken to
complete the dog walk. A moderate negative correlation was found between time taken to complete
the dog walk (Median=2.72) and carpal angle on the dog walk contact (Median=144.92) however, this
was found to be not statistically significant (r=-0.343, n=12, p=0.276) and no correlation was found
between time taken to complete the dog walk (Median=2.72) and carpal angle on the ground
(Median=138.98).

A weak positive correlation between shoulder joint angle on the dog walk (Median=97.34) and
time taken to complete the dog walk (Median=2.72) was observed but this was not statistically
significant (r=0.175, n=12, p=0.587). No correlation was found between shoulder joint angle on the
ground (Median=97.61).

3.1.3. Age

Following a Shapiro-Wilk test, carpal joint angle on the dog walk (Mean=146.87 + 2.93) and
carpal joint angle on the ground (Mean=140.75 + 4.93) in relation to age of dog (Mean=4.82 + 0.57)
were considered parametric. Therefore, Pearson’s product moment correlation was run. No
correlation was found between dog age (Mean=4.82 + 0.57) and carpal joint angle on the dog walk
(Mean=146.87 = 2.93) and a weak negative correlation was found between dog age (Mean=4.82 +
0.57) and carpal joint angle on the ground (Mean=140.75 + 4.93) but this was not statistically
significant (r=-0.205, n=12, p=0.522).

d0i:10.20944/preprints201909.0158.v1
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178 A Shaprio-Wilk test determined the elbow joint angle on both the dog walk and the ground to
179  be non-parametric and therefore Spearman’s rank-order correlation was run. No correlation was
180  found between dog age (Median=5) and elbow joint angle on the dog walk (Median=68.82) or elbow
181  joint angle on the ground (Median=80.02).

182  3.1.4. Weight

183 A Shapiro-Wilk test was performed and dog weight (Mean=20.57 + 1.83) and carpal joint angle
184  on the dog walk contact (Mean=145.29 + 3.11) and ground (Mean=140.75 + 4.93) were found to be
185  parametric. Therefore, Pearson’s product-moment correlation was performed and a moderate

186  positive correlation was found between both carpal joint angle on the dog walk contact

187  (Mean=145.29 + 3.11) and carpal joint angle on the ground (Mean=140.75 + 4.93) and dog age

188  (Mean=20.57 + 1.83). This was not statistically significant for carpal joint angle on the dog walk

189  (r=0.387, n=12, p=0.214) or carpal joint angle on the ground (r=0.447, n=12, p=0.145).

190 Data for the elbow joint angle on the dog walk contact (Median=68.82) and the ground

191  (Median=80.02) was determined to be non-parametric, so Spearman’s rank-order correlation was
192  performed. Both joint angles were found to have a weak negative correlation with dog weight
193  (Median=20.5) but this was not significant for either the dog walk contact (r=-0.238, n=12, p=0.457)
194 or the ground (r=-0.105, n=12, p=0.746).

195 Shoulder joint angle data was determined to be parametric and Pearson’s product-moment
196  correlation was performed. No correlation was found between shoulder joint angle on the dog walk
197  contact (Mean=98.15 + 2.78) or the ground (Mean=99.86 + 3.56) and dog weight (Mean=20.57 + 1.83).

198  3.1.4. Training method

199 The data sets were tested for normality using a Shapiro-Wilk test and were found to be

200  parametric. As a result, an independent samples t-test was performed to test for a significant
201  difference between the two categories of training method for each joint angle. All data sets were
202  also tested for homogeneity between groups using Levine’s test for equality of variances and the
203  significance value recorded correspondingly. The results of the independent t-test showed that
204 there was no significant difference between running contact trained dogs and stopped contact
205  trained dogs for any of the joint angles measured (p=0.05)

206  3.2. Ground reaction forces
207  3.2.1. Agility Experience

208 Following a Shapiro-Wilk test, data for KC grade was determined to be non-parametric and
209  therefore all GRFs were assessed for correlation with KC grade using Spearman’s rank-order

210  correlation. GRFs on the dog walk contact (Median=12.12) were found to have a weak negative

211  correlation with KC grade but this was not considered significant (r=-0.133, n=12, p=0.680). GRFs on
212 the ground at the end of the dog walk were found to have a moderate negative correlation with KC
213  grade but this was also not significant (r=-0.324, n=12, p=0.304).

214 3.2.2.Speed

215  Speed was measured by the time taken to complete the dog walk and assessed to be non-parametric
216  using a Shapiro-Wilk test. As a result, Spearman’s rank-order correlation was used to assess

217  correlation between time taken to complete the dog walk (Median=2.72) and GRF on the dog walk
218 contact (Median=12.12) and on the ground (Median=36.63). A moderate positive correlation and a
219  weak positive correlation was observed for both variables respectively. This was not considered
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220  significant for either GRF on the dog walk contact (r=0.490, n=12, p=0.106) or GRF on the ground
221 (r=0.140, n=12, p=0.665).

222 3.2.2. Age

223 A Shapiro-Wilk test determined dog age and GRF on both the dog walk contact and the

224 ground to be parametric. Therefore, Pearson’s product-moment correlation was used to test for
225  correlation between the variables. A weak negative correlation was found between dog age

226  (Mean=5.25 + 0.68) and forelimb GRF on the dog walk contact (13.92 + 2.07) but this was not

227 considered statistically significant (r=-0.150, n=12, p=0.642). No correlation was found between dog
228  age (Mean=5.25 + 0.68) and forelimb GRF on the ground at the end of the dog walk (Mean=40.51 +
229  4.29).

230  3.2.3. Weight

231 Data for dog weight and forelimb GRF on the dog walk contact and the ground were

232  determined as parametric by a Shapiro-Wilk test. Therefore, Pearson’s product-moment correlation
233  was performed, and a strong positive correlation was found between dog weight (Mean=20.57 +
234 1.83) and forelimb GRF on the dog walk contact (Mean=13.92 + 2.07). However, this was not

235  considered statistically significant (r=0.523, n=12, p=0.081). No Correlation was found between dog
236  weight (Mean=20.57 + 1.83) and GRF on the ground at the end of the dog walk (Mean=40.51 + 4.29).

237  3.2.4. Training method

238 Forelimb GRFs for the dog walk contact and the ground were grouped by training method and
239  assessed for normality using a Shapiro-Wilk test. Data for the running dog walk category was

240  considered non-parametric for forelimb GRFs on both the dog walk contact and the ground. As a
241  result, a Mann-Whitney U test was run to determine whether any significant difference was present
242  between the forelimb GRFs of the two training methods. There was no significant difference found
243  between the running contact group (Median=6.32) and the stopped contact group (Median=15.81)
244 for forelimb GRFs on the dog walk contact (P=0.154). Nor was there any significant difference

245  between the running contact group (Median=53.24) and the stopped contact group (Median=35.00)
246 for forelimb GRFs on the ground at the end of the dog walk (P=0.073).

247 4. Discussion

248  Of the four independent variables tested for correlation with joint angulation, only two were found
249  to have a significant correlation; agility experience and speed. Carpal joint angle and elbow joint
250  angle were both found to show significant correlation with agility experience and elbow joint angle
251  demonstrated significant correlation with dog speed. This suggests that there is a difference in

252  biomechanics between inexperienced and experienced agility dogs when navigating the dog walk
253  contact. One possible reason for this could be that dogs increase in speed with more experience,
254 which is supported by the significant positive correlation observed between time taken to complete
255  the dog walk and elbow joint angle. Along with generally navigating the dog walk more slowly,
256  less experienced dogs had an observed tendency to look towards their handler when navigating the
257  contact area, creating a more upright posture and thus increasing carpal extension and reducing
258  elbow flexion. Contrastingly, more experienced dogs appeared to perform the behaviour more

259  independently and at higher speeds, producing a lower, more crouched posture and thus reducing
260  carpal extension and increasing elbow flexion. As a result of the biomechanical differences between
261  experienced and inexperienced agility dogs, it could be expected that different joint areas would be
262  more prone to injury on the dog walk between the two groups. More specifically, the results from
263  this study suggest that the carpal joint and associated soft tissues are potentially more susceptible to
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264  increased strain in inexperienced dogs, whereas the elbow joint and associated soft tissues are
265  placed under more strain in experienced dogs.

266 Contrary to expectations the angle of the shoulder joint showed no significant correlation with
267  any of the independent variables tested. This was of interest as previous literature has stated that
268  the shoulder is one of the most common sites of injury in the agility dog [1,2]. It may be the case
269  that other obstacles place increased strain on the shoulder and therefore account for the high

270  incidence of injury in the area. Previous research [4] found that shoulder joint angle was

271  significantly affected by changes in jump distances, suggesting that bar jump obstacles are a likely
272  factor in the high risk of shoulder injuries in agility.

273 Interestingly the mean shoulder joint angle on the dog walk contact was found to be 98.15 +
274 2.78 degrees and 99.86 = 3.56 degrees on the ground at the end of the dog walk whilst a previous
275  study reported the lowest mean shoulder joint angle during jump landing as 110.81 degrees [4] — a
276  difference of over ten degrees. It could therefore be surmised that the dog walk contact results in
277  greater flexion of the shoulder joint than jump landing, leading to increased strain through the

278  shoulder and subsequent increased injury risk. Previously during jump take-off it was reported the
279  lowest mean shoulder joint angle as 71.28 degrees [4] which is almost thirty degrees lower than the
280  mean shoulder joint angles reported in this study. The mean elbow joint angles in this study were
281  71.68 +13.26 degrees and 81.33 + 18.69 respectively, which are considerably more acute than the
282  lowest mean elbow joint angle reported during landing previously [4], but, as with the shoulder
283  joint, the mean elbow angle reported during jump take-off was more acute than that reported in
284  this study. Further research comparing joint flexion between the two obstacles within the same
285  population would be required to definitively determine if one had more of an impact on joint

286  flexion and subsequent associated soft tissue strain than the other. Future studies may also consider
287  examining joint angulation at different points along the dog walk to provide a more complete

288  analysis of the effects of the equipment on the dog’s body.

289 No significant correlation was observed between dog body weight and any of the joint angles
290  measured, nor was there any correlation with age. It would be expected that heavier dogs would
291  present with more acute joint angles due to increased loading, whilst increased age would be

292  expected to be associated with increased agility experience and, subsequently, speed, so these
293  variables may have potentially confounded the results.

294 With regards GRFs none of the variables tested in this study demonstrated significant

295  correlation on the dog walk or the ground. This was a surprising but may have been influenced by
296  several factors. A number of dogs exhibited deceleration on the down plank of the dog walk prior
297  to reaching the contact whilst others appeared to continue at a more consistent speed. This would
298  impact the GRFs recorded as at higher speeds, greater force would be expected to be exerted

299  through the forelimbs in order to stop at the end of the dog walk contact. Despite a lack of

300  significant findings, correlation was observed between forelimb GRFs and some of the variables
301  which may prove significant in a larger study population. Despite this, the results from this study
302  still indicate that the forelimbs of agility dogs may experience greater force on the ground at the
303  end of the dog walk than during jump landing, potentially indicating an increased risk of injury
304  associated with the dog walk. Further research comparing forelimb GRFs between the two obstacles
305  within the same population would be needed to determine whether the dog walk poses a

306  significantly increased risk of forelimb injury than the jumps.

307 5. Conclusions

308  This is the first study of its kind to examine the kinematics and kinetics of agility dogs on the dog
309  walk. Whilst the relatively small sample size of the study population has its limitations, a significant
310  difference in the kinematics of experienced and inexperienced agility dogs over the dog walk contact


https://doi.org/10.20944/preprints201909.0158.v1
https://doi.org/10.1016/j.vas.2019.100082

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2019 d0i:10.20944/preprints201909.0158.v1

10 of 10

311  was found. This suggests that inexperienced dogs may be at risk to different types of injuries than
312  experienced dogs when completing the dog walk, further evidenced by the increased flexion
313  observed through the elbow joint in faster dogs, which is generally associated with increased
314  experience. To minimise the risk of injury in inexperienced dogs, it may be beneficial for these dogs
315  tospend more time training for the dog walk contact on considerably lower equipment. It would also
316  be advisable to minimise the number of repetitions of the dog walk during training, certainly if at its
317  full height, to reduce strain on the elbow and shoulder joints
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