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Abstract: SUMMARY: Although significant progress has been made in recent years regarding
jumping biomechanics of agility dogs, there is still a lack of data on the specific biomechanical pattern
of the jump. The main objective of the present study was to describe the biomechanic variables
involved in the jumping pattern of agility dogs, analyzing both intra- and inter-individual variability.
Eleven agility dogs were analyzed while jumping over a 60-cm hurdle. Results of low or acceptable
and similar intra and inter-individual coefficients of variation obtained in variables such as
percentage of take-off and landing distances, percentages of take-off and landing durations,
maximum jump height, jump height at the hurdle and percentage duration to maximum jump height,
may indicate these variables as components of a general biomechanical pattern of jumping in agility
dogs. Low or acceptable and consistent intra- and inter-individual variation observed in variables
such as percentage of take-off and landing distances, percentages of take-off and landing durations,
maximum jump height, jump height at the hurdle, and percentage duration to maximum jump height
suggests that these variables could represent key elements of a general biomechanical jumping
pattern in agility dogs. This stability, maintained across multiple jumps by the same dog and across
different dogs, highlights their potential as reliable indicators of a shared biomechanical framework
for jumping. Lower intra-individual than interindividual coefficients of variation obtained in most of
the angular variables, jump distance, jump duration and speed, take-off, and landing distances, and
jump heights at take-off and at landing indicate these variables as related with the individual
technique of each animal. All of this data can be used in the design of training plans as well as when
monitoring the progress of canine athletes.

Keywords: dog; jumping; biomechanics; agility; jump pattern

1. Introduction

Agility competition is becoming more and more relevant in the field of canine sport. To compete
successfully, agility dogs are trained to clear the obstacles at high speed with the least possible effort
(Alcock et al., 2015; Birch et al., 2015b; Daniels & Burn, 2018; Miré et al., 2020; Pfau et al., 2011; C.
Zink, 2018; M. C. Zink & Daniels, 1996; M. C. Zink & Van Dyke, 2013). Injuries in agility dogs are
common (Cullen, 2014; Levy et al., 2009; Pechette Markley et al., 2024). According to different authors,
many of these injuries result from a lack of understanding of the biomechanics involved when dogs
jump over obstacles, so a thorough understanding of these biomechanics may help preventing such
injuries (Cullen, 2014; Sohnel et al., 2020, 2021).

In animals, the initial studies on jumping biomechanics were carried out in horses, providing
detailed descriptions of the phases of jumping (Clayton, 1989; Clayton et al., 1996; Clayton & Barlow,
1991; Galloux & Barrey, 2010) and studying the influence of different variables on the process (Powers
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& Harrison, 2000). In dogs, studies on this field began in the 1990s by M. C. Zink & Daniels (1996)
and were based on the observations and references of horse and human biomechanics.

The studies on free jumping horses are better comparable to the situation that occurs in dogs
(Bobbert et al., 2005; Santamaria, 2004), as the rider has a significant effect on the successful horse
jump (Powers & Harrison, 2002, 2000) and this effect is not present in agility dogs.

Currently, the studies of biomechanics of jumping dogs have focused on the effect of different
aspects. Daniels & Burn (2018) presented a descriptive theoretical model taking into account the
dog’s center of gravity and height (Sohnel et al., 2017, 2020). These studies raised the importance of
tissue stiffness, limb length and limb dynamics and as objective measures of the agility skill level.
Others have focused on the importance of different angles (Alcock et al., 2015; Pfau et al., 2011),
experience and running technique (Birch et al., 2015b) and landing dynamics (Pfau et al., 2011; S6hnel
et al., 2017) as key factors for optimal jumping. In the author’s opinion, there are no in-depth
descriptive studies on the variables associated with the general jumping pattern of agility dogs. A
detailed descriptive study could significantly contribute to the understanding of the biomechanics
involved in this activity, facilitating not only a better understanding of its functional dynamics, but
also aiding in the prevention and detection of injuries.

The main objective of this study was to describe the variables involved in the jumping pattern
during the suspension phase in agility dogs analyzing intra- and inter-individual Coefficient of
variation.

2. Materials and Methods

The study was approved by the Ethics Committee of the Veterinary Teaching Hospital of the
Complutense University of Madrid, Spain (UCM10/2020). Informed consents based on clear and
detailed information about the research were signed by the dog’s owners previously to the study.

2.1. Animals

Eleven agility dogs competing in large category (height of 48 cm or more at the withers-
Fédération Cynologique Internationale (FCI), (Claes, 2020) were analyzed while jumping over a 60-
cm hurdle through a videobased analysis system. All dogs were free of any pain or lameness. Data
of breed, and height to the withers were taken before the jumping trials and weight to height ratios
were calculated for each dog. All the above data are shown in Table 1.

Table 1. Data of breed, gender (F, male; M, male) weight (W), height to the withers (Hw) and weight to height
ratio (Rw) of 11 agility dogs assessed in the study.

Dog Breed Gender W (Kg) Hw(cm) Rw (Kg/cm)
1 Crossbreed F 27,00 57,00 0,47
2 Border Collie M 17,00 51,00 0,33
3 Australian Shepherd M 18,50 52,00 0,36
4 Border Collie F 14,85 48,00 0,31
5 Border Collie F 14,50 52,00 0,28
6 Border Collie F 13,00 48,00 0,27
7 Brie Shepherd M 32,20 63,00 0,51

8 BorderCollie Crossbreed F 15,00 54,00 0,28
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9 Bearded Collie F 24,00 52,00 0,46
10 Belg.Malinois Crossbreed F 18,30 55,10 0,33
11 Border Collie F 16,35 49,00 0,33

2.2. Measurement Protocol and Data Analysis

All dogs were filmed during the same session in an indoor dog agility course (Connecting dogs
agility training center, Girona, Spain) equipped with artificial grass turf, jumping over a 60-cm hurdle
in a systematize environment. After their normal warm-up routine, all dogs one by one performed a
series of jumps. Dogs standing still at the starting point proceeded to jump when the handler, placed
next to the hurdle, gave them their usual command. After hurdle clearance the dogs entered an agility
tunnel, which ensured straight and stable jumps.

As shown schematically in Figure 1, an experimental setup was created to standardize the
analysis. A 60-cm hurdle was placed 10 meters away and in front of the starting point, and an agility
tunnel with its entrance 8 meters behind the hurdle was disposed. Two cameras (Casio Exilim®
EXZR100, Casio Espafia, Barcelona, Spain) were used for data collection. One of the cameras
(camera 1, Figure 1) was placed perpendicular to the left side of the line of movement, 4 meters away
from the middle of the hurdle. The camera body was set on a tripod 0,95 meters in height. The zoom
lens was adjusted to allow a 6-meter field of view, and shutter-speed was adjusted to 240fps. The
other camera (Camera 2, Figure 1) was used for validation of the trials and was aligned with the line
of motion behind the tunnel entrance. According to the recordings of this camera, trials in which the
dog cleared the obstacle over the central third of the hurdle without touching the highest bar were
declared valid. Four valid trials per dog were chosen for analysis. A 2D structure designed for
calibration of the analysis system placed in the plane of movement at the center of the hurdle was
recorded before trials.

Tunnel Exit

Tunnel Entrance

0,95 8m
Camera 2

0,95 | *Camera 1

Figure 1. Schematic representation of setup for biomechanical analysis of eleven agility dogs jumping. .

Downstream data analysis was conducted using a validated video-based analysis system
(UCOTrack®, (Garrido et al., 2006). A low-pass filter (Butterworth, sampling frequency 480 Hz, cutoff
frequency 15 Hz) was used, as it has been found to be the more convenient to minimize
methodological errors during the analysis (Schreven et al., 2015). The suspension phase of the jump
was determined between take-off and landing events. Take-off was defined as the first frame with
the trailing hind limb off the floor, and landing as the first frame where the leading forelimb first
contacted the ground. Based on previously published studies (Alcock et al., 2015; Birch et al., 2015a,
2015b; Mir¢ et al., 2020) the apparent anatomical references of the withers and the tuber sacrale of the
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ilium (prominent point of the hip bone) were marked along the jump in the series of video recordings.
The moment where the dog’s withers was exactly on top of the hurdle was set as the reference point
used to subdivide the suspension phase of the jump into the take-off and the landing phases. The
back line, line between the osseous references of the withers and the tuber sacrale, and its inclination
with respect to the horizontal plane, henceforth the back inclination angle, were automatically
calculated by the system. The jump height, distance between the withers and the turf level,
throughout the entire suspension phase of the jump, as well as linear and angular measurements
were automatically calculated by the system. Temporal measurements were calculated based on the
number of frames and the shutter speed.

2.3. Variables

Linear variables and abbreviations

Jump distance (JD): horizontal distance between the trailing hind paw on the ground at take-off
and the leading forepaw at landing.

Take-off distance (Dro): horizontal distance between the trailing hind paw on the ground at take-
off and the hurdle.

Landing distance (Dvra): horizontal distance between the hurdle and the leading forepaw on the
ground at landing.

Percentage of take-off distance (%Dro:): horizontal distance between the trailing hind paw on the
ground at take-off and the hurdle, expressed in percentage of the jump distance.

Percentage of landing distance (%Dva): horizontal distance between the hurdle and the leading
forepaw on the ground at landing, expressed in percentage of the jump distance.

Ratio landing/take-off distance (RD)

Jump height at take-off (Hwro): Vertical distance between the withers and the ground at take-
off.

Jump height at landing (Hwrta): Vertical distance between the withers and the ground at landing.

Jump height at the hurdle (Hwr): Vertical distance between the withers and the ground when
the withers is right over the hurdle.

Maximum jump height (maxJH): Maximum value of vertical distance between the withers and
the ground throughout the entire jump.

Difference between maximum jump height and jump height at the hurdle (maxJH-Hwr).

Difference between Jump height at the hurdle and height of the hurdle (Hwe-He).

2.4. Temporal Variables

Jump duration (JT) Time elapsing between take-off and landing.

Jump speed (Jv): jump distance divided by jump duration.

Percentage of take-off duration (%Tro0): Time from take-off to the instant in which the withers is
right over the hurdle, expressed in percentage of the jump duration.

Percentage of landing phase duration or time (%7Tta): Time from the instant in which the withers
is right over the hurdle to landing, expressed in percentage of the jump duration.

Percentage of jump duration to maximum jump height (% Tmagu): Time from take-off to the
instant of maximum jump height, expressed in percentage of the jump.

Percentage of duration to horizontal back (%Tszero): Time from take-off to the instant at which
the value of the back inclination angle is closest to zero, expressed in percentage of the jump duration.

Percentage difference between duration to maximum height and duration to hurdle (%Tmaxm-
THwr).

Percentage difference between duration to back angle zero and duration to the hurdle (%Tszero-
THwre): Time from the instant at which the value of the back inclination angle is closest to zero to
the instant in which the withers is just over the hurdle, expressed in percentage of the jump duration.

2.5. Angular Variables
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As stated previously, the back angle throughout the jump was automatically calculated by the
system. The following related variables were measured:

Back inclination angle at take-off (Bro).

Back inclination angle at landing (Bta).

Range of motion of back inclination angle (Brom): Difference between back inclination angle at
take-off and at landing.

Back inclination angle over the hurdle (back at fence) (Br): Value of the back inclination angle
when the withers is right over the hurdle.

Back inclination angle at Maximum jump height (Bmayu): Value of the back angle when the
withers reach their maximum height.

HURDLE

maxJH

LANDING (La) Hwe TAKE-OFF (To)

Withers (w)

Sacrum

Angle Back
Sacrum

Angle Back
Withers (w)

' HF

JD

Figure 2. Diagram of some of the variables analyzed in the jump of the agility dogs studied. The variables are
grouped in 4 types: , Height (H), Distancie (D), Angular (B). The variables are distributed before
and after the fence, and are related to the take-off phase (To= Take-off), and landing (La= Landing) and the points
in the different moments of the jump, being the height of the withers (Hw), maximun height (maxJH) and Fence
or Hurdle (Fr). Thus we will have height of the withers at the beginning of the jum por take-off (Hwro) and at
landing (Hwta), height when the dog reaches the maximun height (maxJH) and jump at the fence (Hwr). Take-
off (Dro) and landing (Dra), distances, total jump distance (JD)and total jump duration (JT). Back angle at take-
off (Bro) and back angle at landing (Bta).

2.6. Statistical Analysis

As mentioned in experimental design four valid trials per dog were chosen to be analyzed. For
each of the above variables, mean, standard deviation (S.D), maximum (max) and minimum (min)
values, and intra- and inter-individual coefficient of variation (intra-CV and inter-CV, respectively)
were calculated. Coefficient of variation less than 5 % were considered low, between 5 and 25 %
acceptable and exceeding 25 % unacceptable (Direccion de Censos y Demografia, 2008; Sdrndal et al.,
2003).

Data were presented as mean, median and standard deviation values. Significant differences
were considered when p < 0.05. Data were processed using the SPSS. IBM Corp. Released 2019. IBM
SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp. Normality in the distribution of
variables was checked using the Shapiro-Wilk test with 44 degrees od freedom and it is accepted that
a variable is normal when its significance >0,05.

3. Results
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Mean, standard deviation, maximum and minimum values and intra- and inter-individual
coefficients of variation of morphometric measurements (breed, gender, height at the withers, and
weight to height ratio (Table 1) of the dogs studied are shown in Table 2. Coefficient of variation are
graphically represented in Figure 3.

Table 2. Mean, standard deviation (S.D), maximum (Max), minimum (Min), intra- (intra-CV) and inter-
individual (Inter-CV) coefficients of variation of weight (W), height to the withers (Hw) and weight to height
ratio (Rw) of the 11 agility dogs assessed in the study.

W (Kg) Hw (cm) Rw (Kg/cm)
Mean 19,15 52,83 0,36
S.D 6,04 4,41 0,08
Max 32,20 63,00 0,51
Min 13,00 48,00 0,27
Intra- CV 0,00 0,00 0,00
Inter- CV 31,51 8,34 23,52

Intra- and inter-individual coefficients of variation of Morfometric Variables

Weight to height ratio (Kg/cm) .
Body weight (Kg) . -

8,34
Height at the Withers (cm) —

0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00

m CV Interindividual ~ m Cv Intraindividual

Figure 3. Graphic representation of intra- and inter-individual coefficients of variation of the morphometric
variables analyzed in the study. Coefficient of variation less than 5 % were considered low, between 5 and 25 %

acceptable and exceeding 25 % unacceptable (Direccion de Censos y Demografia, 2008; Sarndal et al., 2003).

The intra-individual coefficient of variation (Intra-CV) for the morphometric variables were 0,
as they remain constant for the same dog. Interindividual coefficient of variation (Inter-CV) for the
weight and weight to height ratio was considered unacceptable, reflecting substantial variability
across different dogs.

Mean, standard deviation, maximum and minimum values and intra- and inter-individual
coefficients of variation of linear variables studied are shown in Table 3. Their coefficients of variation
are graphically represented in Figure 4.
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Table 3. Abbreviations (Abbr) of the variables and mean, standard deviation (S.D), maximum (Max), minimum
(Min), intra- (intra-CV) and inter-individual (Inter-CV) coefficients of variation of the linear variables analyzed

in 11 large agility dogs jumping over a 60-cm hurdle.

Abbr Mean S.D Max Min Intra- Inter-
Ccv Ccv

Jump distance (cm) JD 429,68 68,56 512,74 296,65 4,86 15,96
Percentage of take-off %Dro 60 4,00 66 54 6,85 6,73
distance (%)
Percentage of landing %DrLa 40 4,00 47 34 10,37 10,20
distance (%)
Take-off Distance (cm) Dro 259,890 4549 320,90 164,02 9,99 17,51
Landing distance (cm) Dra 169,79 31,48 213,09 11852 8,23 18,54
Ratio landing/Take-off RD 0,67 0,12 0,88 0,51 16,63 17,22
distances
Jump height at take-off Hwrto 74,43 7,02 88,25 66,65 2,39 9,43
(cm)
Jump height at landing Hwrta 63,74 5,46 76,67 56,54 2,35 8,57
(cm)
Jump height at the Hwr 91,38 2,97 97,30 86,46 2,96 3,26
hurdle(cm)
Maximum jump height maxJH 93,64 4,04 103,20 88,55 3,08 4,32
(cm)
Difference between the maxJH- 2,26 1,48 5,90 0,40 73,89 65,44
maximum jump height Hwr
and Jump height at the
hurdle (cm)
Difference between Hwr-Hr 31,38 2,97 37,30 26,46 8,52 9,48
Jump height at the
hurdle and height of the

hurdle (cm)
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Intra- and inter-individual coefficients of variation of Linear variables
Jump height at landing (cm)
P 357
2,35
Jump height at take-off (cm)
— O 4
+239 L
Jump height at the hurdle(cm)
326
+2,96
Maximum jump height (cm) .
— 4 32
13,08
Jump distance (cm)
PsEs—— 15,96
486
Percentage of take-off distance (%) H 678
m—— 67
== 6,85
Take-off Distance (cm)
P 18,54
. 8,23
Difference between Jump height at the hurdle and height of the hurdle (cm)
i 9.48
: 8,52
Landing distance (cm) :
——— 17,51
; 9,99
Percentage of landing distance (%) 5
B 10,20
. B 10,37
Ratio landing/Take-off distances :
— 722
H 16,63
Difference between the maximum jump height and Jump height at the hurdle (cm) H
65,44
0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00

mmmmm CV Interindividual Cv Intraindividual ~ ssesee Lineal (CV 25%)  s+e=e+ Lineal (CV 5%)

Figure 4. Graphic representation of intra- and inter-individual coefficients of variation of the linear variables
analyzed in the study. Coefficient of variation less than 5 % were considered low, between 5 and 25 % acceptable

and exceeding 25 % unacceptable (Direccién de Censos y Demografia, 2008; Sarndal et al., 2003).

The dogs in the study performed long jumps (428 + 68.56 cm), with greater jump distance (60 +
4 %) traveled in front of the hurdle. Low intra-individual coefficient of variation was obtained in
jump distance (JD) and low intra- and inter-individual coefficients of variation were obtained in
percentage of take-off distance (%Dro). According to the values of jump height throughout the whole
jump, all of them have not been expressed in the table, dogs followed a parabolic trajectory from take-
off to landing. Values of jump heigh at take-off (Hwro) were greater than at landing (Hwta) and
values of maximum jump height (maxJH) were slightly greater (2,26 + 1,48 cm) than jump height at
the hurdle (Hwr). Intra-individual coefficients of variation of jump height at the chosen events (take
off, landing, over the hurdle and maximum) were low and lower than their corresponding inter-
individual coefficients. Inter-individual coefficients of variation were acceptable for the jump heights
at take-off and at landing and low for the maximum jump height and jump height at the hurdle.

Mean, standard deviation, maximum and minimum values and intra- and inter-individual
coefficients of variation of angular variables studied are shown in Table 4. Their coefficients of
variation are graphically represented in Figure 5.

Table 4. Abbreviations (Abbr) of the variables and mean, standard deviation (5.D), maximum (Max), minimum
(Min), intra- (intra-CV) and inter-individual (Inter-CV) coefficients of variation of the angular analyzed in 11

large agility dogs jumping over a 60-cm hurdle.

Abbr Mean S.D Max Min Intra- Inter-CV
Ccv
Back inclination angle at Bro 27,09 2,89 32,43 22,60 6,90 10,66

take-off (°)

Back angle to Maximum Bmaxun 5,27 4,34 12,90 0,68 111,56 82,41
jump height (°)
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Back over the hurdle (°) Br -2,71 4,06 3,51 -7,99 174,84 150,26
Back inclination angle at Bra -32,09 4,06 -26,27 -38,68 8,26 12,64
landing (°)
Range of motion of back Brom 59,45 5,69 68,57 50,93 3,93 9,57
angle (°)

Intra- and inter-individual coefficients of variation of Temporal Variables

Percentage difference between duration to back angle zero and duration to the hurdle (%) [ 125,04

254,68

Percentage difference between duration to maximum jump height and duration to the hurdie (%) puissim—— 1 0>
B H 59.48

12,74

Percentage of landing duration (%) -
S 1201}

Percentage duration (o maximum jump height (%) i 1 6g
S 1024 1
Percentage of take-off duration (%) ety 10,00 }
B 042 :
Percentage duration to back angle zero (%) g o4 -
& - 9.41
o 772
Jump speed (m/s) - fiat
1330 %
Jump duration or time (s) pubey 1130
4,99

0,00 20,00 40,00 60,00 8000 10000 12000 14000 160,00 180,00 20000 22000 240,00 260,00

— CV Ir Cv Intraindividual ~ +«sse« Lineal (CV 25%)  «+eee» Lineal (CV 5%)

Figure 5. Graphic representation of intra- and inter-individual coefficients of variation of the angular variables
analyzed in the study. Coefficient of variation less than 5 % were considered low, between 5 and 25 % acceptable
and exceeding 25 % unacceptable (Sarndal et al., 2003).

According to the results of the angular variables, dogs of the study started the jump with the
greater positive values of back inclination angle (27,09 + 2,89 °). The smallest values of this variable
were found over the hurdle (-2,71 + 4,06 ©) and the greater negative values at landing (32,09 + 4,06).
Intra- and inter-individual coefficients of variation of back inclination angle were acceptable at take-
off and at landing and unacceptable to maximum jump height and over the hurdle. For the range of
motion of back inclination angle intra-individual coefficient of variation was low while inter-
individual coefficient was acceptable.

Mean, standard deviation, maximum and minimum values and intra- and inter-individual
coefficients of variation of temporal variables studied are shown in Table 5. Their coefficients of
variation are graphically represented in Figure 6.

Table 5. Abbreviations (Abbr) of the variables and mean, standard deviation (5.D), maximum (Max), minimum
(Min), intra- (intra-CV) and inter-individual (Inter-CV) coefficients of variation of the temporal analyzed in 11

large agility dogs jumping over a 60-cm hurdle.

Abbr Mean S.D. Max Min Intra- Inter-CV
CVv
Jump duration (s) JT 0,44 0,05 0,51 0,31 4,99 11,30

Jump speed (m/s) Jv 9,73 1,15 11,16 7,68 3,39 11,78
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Percentage of take- %Tro 55,95 5,59 63,00 48,00 9,42 10,00
off duration (%)
Percentage of %TLA 44,05 5.59 52,00 37,00 12,01 12,71
landing duration
(%)
Percentage % TmaxH 42,85 5,56 48,15 28,56 10,24 12,99
duration to
maximum jump
height (%)
Percentage %TBzero 50,48 475 59,73 44,05 7,72 9,41
duration to back
angle zero (%)
Percentage % T'maxJH- -13,16 5,79 -4,92 -24,05 59,48 44,02
difference THwr
between duration
to maximum jump
height and
duration to the
hurdle (%)
Percentage %TBzero- -5,53 6,92 5,11 -15,62 254,68 125,04
difference THwr
between duration
to back angle zero
and duration to the
hurdle (%)
Intra- and inter-individual coefficients of variation of Temporal Variables
Percentage difference between duration to back angle zero and duration to the hurdle (%) _ 125,04 |
Percentage difference between duration to maximum jump height and duration to the hurdle (%) _ oy
Percentage of landing duration (%) — ‘2‘7‘5
Percentage duration to maximum jump height (%) — ‘2‘995
Percentage of take-off duration (%) — 10,00
Percentage duration to back angle zero (%) -f#z‘
Jump speed (m/s) - 117s§
Jump duration or time (s) _ “‘mg

— CV # Cv Intraindividual ~ +++eee Lineal (CV 25%)  +++ee Lineal (CV 5%)
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Figure 6. Graphic representation of intra- and inter-individual coefficients of variation of the temporal variables
analyzed in the study. Coefficient of variation less than 5 % were considered low, between 5 and 25 % acceptable

and exceeding 25 % unacceptable (Sarndal et al., 2003).

Dogs performed quick jumps (ump speed 9,73 + 1,15 m/s), with a greater percentage of jump
duration spent in front of the hurdle (55,95 + 5,59 %) than behind it (44,05 + 5,59 %). Temporal data
indicate a sequential pattern of some events, occurring first the maximum height of the jump (at 42 +
5,56 % of the jump duration), then back inclination angle close to zero (at 50,48 + 4,75 % of the jump
duration), and finally the hurdle crossing (at 55,95 + 5,59 % of the jump duration). Except for variables
of percentage differences, low or acceptable intra- and inter-individual coefficients of variation were
obtained for the angular variables. Jump duration and jump speed showed the lowest intra-
individual coefficients of variations.

4. Discusion

Both ability and speed, in addition to other essential training skills such as dynamic strength or
anaerobic endurance, are important in Agility competition (Mird et al., 2020). Similar to previous
research on jumping agility dogs (Alcock et al., 2015; Birch et al., 2015a, 2015b, 2016; Birch & Lesniak,
2013; Daniels & Burn, 2018; Miro6 et al., 2020; Pfau et al., 2011), the present study was focused on
analyzing the kinematics of the suspension phase of the jump. The biomechanics of jump trajectory
have been extensively studied in canines (Alcock et al., 2015; Birch et al., 2015b, 2016; Daniels & Burn,
2018; Mir9 et al., 2020; Pfau et al., 2011), equines (Clayton et al., 1995, 1996; Dutto et al., 2004; Galloux
& Barrey, 2010; Powers, 2002; Powers & Harrison, 1999, 2000; Stinner, 2014; Wejer et al., 2013) and
humans ((vjoh, 2003; Coh et al., 2017; Hay, 1978; Linthorne, 2001; Sudrez, 2009). It has been studied
extensively by several authors that the height of the hurdle affects the jump kinematics of dogs (Birch
et al., 2016; Birch & Lesniak, 2013; Pfau et al., 2011). In order to reduce the influence of this variable,
all the dogs included in the present study were recorded while jumping over the same hurdle’s
height. Biomechanical variability refers to the subtle fluctuations in an athlete’s movement pattern,
often imperceptible to the naked eye, which may be crucial for unlocking untapped potential and
mitigating the risks associated with intense physical activity (Valldecabres, 2023). The biomechanical
characteristic of jumping dogs can be accurately assessed using objective methods such as computer-
assisted videography (Alcock et al., 2015; Birch et al., 2016; Birch & Lesniak, 2013; Mir0¢ et al., 2020;
Pfau et al., 2011; Sohnel et al., 2020; Williams et al., 2021). With the aim of evaluating and describing
biomechanics of sporting gestures and drawing conclusions it is essential to assess the variability
across different trials on the same subject as well as the variability between subjects (Rojas Ruiz et al.,
1998).

Morphometric  variables, such as weight and height, play an important role in athletic
performance (Birch & Lesniak, 2013; Daniels & Burn, 2018; Hay, 1978; Mir6 et al., 2020; Sellon et al.,
2018; C. Zink, 2018, 2018; M. C. Zink & Van Dyke, 2013). As previously mentioned, according to their
height all the eleven dogs of the present study competed in the same category (large, 48 cm or more
at the withers). Based on the results of interindividual coefficients of variation, dogs differed less in
height at the withers (inter-CV 8.34%) than in in weight (inter-CV 31,51 %) and, therefore, in weight
to height ratio (inter-CV 23,52 %). Some authors have highlighted the notable influence that weight
to height ratio has in the athletic ability of agility dogs, and their jump kinematic (C. Zink, 2018; M.
C. Zink & Daniels, 1996; M. C. Zink & Van Dyke, 2013). It has been suggested that dogs with a ratio
equal to or greater than 2,5 pounds/inches (0,45 kg/cm in international units) may be at an athletic
disadvantage and may be less likely to have a long jumping career compared to dogs with ratio below
2,5 pounds/inches (M. C. Zink & Daniels, 1996; M. C. Zink & Van Dyke, 2013). Border Collies (BC)
dogs, in particular, are considered to be especially gifted in agility sport (Alcock et al., 2015; Birkbeck
et al., 2012). In fact, Alcock et al. (2015) found differences in the jump kinematics between BC and
non-collie breeds dogs , with BC jumping faster than the others. In our opinion, in addition to their
unique character component, they have specific morphometric characteristics, such as weight-to-
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height ratio, which would make them especially suitable for this sport. In our study, three of the dogs,
no BC among them, had a weight-to-height ratio > 0.45 IU, two of them, BC, had ratios between 0.33
and 0.36 IU and the other four dogs, being three BC and one a BC crossbreed individual, had ratios <
0.321U. Inagreement with the previously cited authors, we believe that both weight, and especially
weight-to-height ratio are important factors in canine jumping technique. We strongly maintain that
future extensive research in this field will be of great practical application in agility training and
competition.

Several authors have suggested the kinetic particularities required for a successful jump in both
horses and dogs. As mentioned for dogs (Pfau et al., 2011) and horses (Bobbert et al., 2005; Powers &
Harrison, 1999), in order to effectively clear an obstacle, the animal must adequately position its body,
calculate the appropriate combination of distance to the obstacle and jumping speed, and, as
suggested by Bobbert et al. (2005) (Bobbert et al., 2005) and  (Santamaria, 2004), achieve an optimal
displacement of the center of gravity during the suspension phase. Powers and Harrison (2000)
suggested that riderless jumping horses with inherent abilities to perform optimal jumps were better
at adjusting distances and heights by selecting the most appropriate speed. In our opinion the
previously mentioned kinematic characteristic would determine an appropriate jump trajectory for
a successful jump. We believe that jump speed, back inclination angle at take-off, take-off distance
and height to the hurdle are parameters that the individual calculates and adjusts, while jump
maximum jump height, jump duration, landing distance, back inclination angle at landing and range
of motion of back inclination angle are outcomes of these adjustments.

In our study, the variables jump height at take-off, maximum jump height and jump height at
the hurdle and at landing were considered as key moments of the jump trajectory. Low intra-
individual coefficients of variation were obtained in these four variables, indicating that every
individual consistently exhibited similar values of these parameters. In fact, we obtained low or
acceptable intra- and inter- individual coefficient of variation in most of the linear, angular, and
temporal variables analyzed in the study. For some of these variables, such us percentage of take-off
and landing distances, percentages of take-off and landing durations, maximum jump height, jump
height at the hurdle and percentage duration to maximum jump height, both intra- and inter-
individual coefficients of variation showed similar values. This consistency suggests that these
variables may represent components of a general biomechanical pattern of jumping, applicable across
all agility dogs analyzed in the study.

As previously mentioned, the intra-individual coefficients of variation of both jump height at
take-off and at landing were low but greater (although acceptable) than their inter-individual
coefficients of variation. Differences may be due to variations in height at the withers or in weight-
to-height ratio among the dogs in the study. Further research with a larger sample of animals with
diverse weights and heights at the withers could help to test this hypothesis.

With respect to angular variables, both intra- and inter-individual coefficients of variation for
back inclination angle at take-off and at landing were acceptable and not very different and were
relatively similar. This suggests intra- and inter-individual stability of the variable.

Low intraindividual coefficient of variation for the range of motion of the back inclination angle
and just an interindividual coefficient of variation acceptable indicate greater stability of the variable
in individuals than in the group.

Variables such as difference between the maximum jump height and jump height at the hurdle,
back angle to maximum jump height, back over the hurdle, percentage difference between duration
to maximum jump height and duration to the hurdle and percentage difference between duration to
back angle zero and duration to the hurdle had unacceptable and hight intra- and inter-individual
coefficients of variation. In the author’s opinion significant variability may be due to their small
numerical value, making it difficult to fully understand their nature. Future studies are needed to
understand their potential relevance to the jumping pattern and better assess their impact on agility
performance
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For most of the angular variables, as well as for jump distance, jump duration and speed, take-
off and landing distances and jump heights at take-off and at landing, the intra-individual coefficients
of variation were lower than the inter-individual coefficients. This reflects that the values of these
variables are more consistent across trials for each specific dog, while they vary between individuals.
This may indicate that these variables could be related to each individual’s unique jumping
technique. A previous study (S6hnel et al., 2020), revealed general strategies of limb control in dogs
jumping, but also highlighted differences between advanced and beginner dogs.

As previously mentioned, our results suggest that some variables better represent the general
pattern of jumping biomechanics of agility dos, while others could be more related to the individual’s
biomechanical technique.

5. Conclusions

The present study in jumping agility dogs confirmed variables such as percentage of take-off
and landing distance, percentages of take-off and landing duration, maximum jump height, jump
height at the hurdle and percentage duration to maximum jump height, as having similar low or
acceptable intra- and inter- individual coefficients of variation, which could be considered as
components of a general biomechanical pattern of jumping in agility dogs. Besides, variables with
a lower intra-than inter-individual coefficients of variation, as is the case for most of the angular
variables, jump distance, jump duration and speed, take-off and landing distance, and jump height
at take-off and at landing, are suspected to be related to the individual’s jumping technique. This
information can be valuable for designing training plans and monitoring the progress of canine
athletes.
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