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Introduction: Canine agility competitions are performed on a variety of 
surfaces. In the equine and human literature, surface type has been associated 
with speed, performance, and injury risk. The aim of this study was to evaluate 
the effect of general surface type and time of day on calculated speed (yards 
per second over a measured course distance) and course performance during 
the UKI Agility International (UKI) U.S. Open. We hypothesized that surface type 
would affect calculated speed, with sand being the slowest.

Materials and methods: Data on course performance from the 2021 and 2022 
events were obtained directly from UKI. The officiating judge measured course 
length, automatic timers recorded dogs’ course times, and speeds were calculated 
from these values. Three surfaces (dirt, grass, and sand) were compared across 
three categories of courses (jumpers, standard, and speedstakes). Differences 
in calculated speeds and qualifying rates were estimated using generalized 
estimating equations (GEE) to account for multiple runs by the same handler.

Results: Among jumpers courses, those run on sand in 2021 were markedly 
slower than those run on dirt. Grass and dirt were more similar in terms of 
average calculated speed, though some courses run on grass were significantly 
faster than courses run on dirt and vice versa. Time of day effects observed were 
inconsistent, with more variability observed for dirt and sand than for grass.

Discussion: There was a notable variation in calculate speed based on surface 
with sand being slowest, likely due to the increased energy cost required to run 
on sand due to its high compliance. Calculated speeds on grass and dirt appeared 
generally similar, but there was substantial variability of calculated speed among 
various courses, making comparison of surface effects challenging. Variables 
within the surface itself (such as compaction level and moisture content) likely 
play a role in the effects of surface on speed and performance. This study 
provides insight into the complexity of surface effects on performance in agility 
dogs and highlights the need for canine-specific surface studies on the effect of 
surface variables and how these relate to risk of development of musculoskeletal 
injuries.
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1 Introduction

Canine agility is a popular performance sport where dogs navigate 
a pre-set course of obstacles with the winner completing the course in 
the fastest time with the fewest number of errors. Courses include 
jump obstacles, tunnels, and contact obstacles such as the A-frame, 
seesaw, and dog walk. The variety of obstacles and course layouts 
present ever-changing physical demands on the dog. Combined with 
high speed and technicality of some courses, there is the potential of 
both repetitive stress injuries and acute trauma. With the high injury 
rate of up to 41.7% (1), there is increasing interest in determining risk 
factors for injury in order to better inform prevention and 
treatment strategies.

Canine agility performance is multidimensional, as both speed 
and precision are critical to success. A perfect agility performance, 
also commonly called a “clean run” or “qualifying run,” is defined as a 
dog who traverses all obstacles in the correct order within standard 
course time and without accruing any errors, or “faults.” There are a 
variety of common faults: knocking down jump bars; jumping off of 
or leaving contact obstacles prematurely; and refusing obstacles by 
spinning in front of, hesitating before, or turning away from obstacles 
rather than taking them when directed (2). If a dog takes an obstacle 
out of order or accumulates too many faults they are said to 
be “eliminated.” Automatic timers are used at the first and last obstacle 
to record the total time in seconds that it takes for dogs to complete 
the course. This also allows calculation of average course speed (yards 
per second/YPS) based on judges’ course distance measurements. 
Rules about what constitutes faults and eliminations, and the number 
of faults a given error incurs are specific to the agility organization 
sanctioning the event. Rules about faults may also be specific to the 
event itself (i.e., a local competition versus a national competition) (2).

Agility dogs often compete on a variety of surfaces, including dirt, 
artificial turf, sand, grass, and rubber matting. The specific surface 
composition determines the surface’s mechanical behaviors, such as 
cohesion, shear, friction, and vertical displacement while undergoing 
load or shear forces (3–10). Extrinsic factors such as temperature, 
moisture level, and how the surface is maintained also affect its 
mechanical behaviors (11–15). The biomechanical demands on the 
dog vary based on the body’s interaction with those specific surface 
properties (3, 16–23). There have been numerous studies evaluating 
the biomechanical interaction between specific surfaces and human 
and equine athletes in a variety of contexts (24–30). No studies have 
evaluated the biomechanical effects of surface composition interaction 
in dogs. In the equine and human literature, surface has been shown 
to be associated with injury risk (31–36). For example, Thoroughbred 
racehorses have a 32% higher risk of sustaining a fracture when racing 
on a dirt surface compared to a synthetic surface (37). The types of 
injuries seen are influenced by the surface composition and specific 
sport interaction (36, 38). Surface has also been implicated in injury 
in racing Greyhounds (39). While retrospective surveys have tried to 
evaluate associations between surface and agility dog injury (40), there 
is little evidence evaluating the effect of surface on agility performance.

The aim of this study was to evaluate the effect of general surface 
and time of day on calculated speed and course performance during 
the UKI Agility International (UKI) U.S. Open, a large national 
multi-day event with multiple runs per day completed on a variety of 
surfaces. We hypothesized that surface type would affect calculated 
speed, with sand being the slowest surface. We also hypothesized that 

the time of day would affect calculated speed, with lower calculated 
speeds on sand early in the day due to fresh harrowing conditions, and 
faster calculated speeds later in the day due to more compacted 
surface conditions.

2 Materials and methods

Data from all runs of the 2021 and 2022 UKI U.S. Open were 
obtained from UKI directly. The results spreadsheet acquired from 
UKI consisted of one row per run and included handler name, dog 
name, competition jump height category, course name, time 
(measured by the automatic timers), faults, and an indicator of if the 
team had been eliminated during the run. Additional information 
about the event was obtained from information published on the UKI 
website at the time of the events.

The two main outcomes (qualifying run rate and calculated speed) 
were inferred from this information. An individual dog “qualified” on 
a specific course if it had a recorded time, had zero faults, and had not 
been eliminated (i.e., it had a clean run). Among dogs with clean runs, 
speed (YPS) was calculated from the recorded time and the reported 
total course length. The total course length was measured by the 
officiating judge following standard UKI practice of measuring the 
shortest distance in yards between each obstacle in sequence (2). The 
sum of these between obstacle distances plus the length of each 
obstacle dogs must traverse was recorded as the total course length.

The 2021 and 2022 events were held at the Jacksonville Equestrian 
Center in Jacksonville Florida. Information about the type of surface 
in each ring was obtained directly from the venue. A general overview 
of the rings and surfaces is shown in Table 1. Four dirt rings were in 
use both years; the surface composition in that area was local Florida 
soil (dirt), with no specific types or subtypes noted. Two of these rings 
were in a climate controlled, covered area, and two of these rings were 
in a covered area that was not climate controlled. Two rings of grass 
in an outdoor, uncovered area were used both years; this surface was 
predominantly Bermuda grass, with small amounts of other subtypes 
of local Florida grass mixed in. In 2021, two additional rings were run 
in an outdoor arena that consisted of sand/fiber footing.

Surface maintenance was performed daily, in the morning prior to 
any runs. The ring preparation involved harrowing using Kiser 
Dragmasters, Reveal 4-n-1, and Carolina DragNfly (designed for sand/
fiber rings), and two rollers that help to compact the moisture from 
when the surface is watered at night. The nightly maintenance involved 

TABLE 1 Description of ring surfaces and environment at the 2021 and 
2022 U.S. Opens.

Surface
Surface 
notes

Ring 
numbers/

notes
Environment

Dirt Local Florida soil 1&2 Climate controlled, 

covered

3&4 Outdoor, covered

Grass Predominantly 

Bermuda grass

5&6 Outdoor, uncovered

Sand Sand/fiber 

footing

7&8 (only used 

in 2021)

Outdoor, uncovered
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adding water to the surface to increase the moisture of the substrate. 
There was no specific amount of water used and the amount added was 
based on operator discretion in relation to the weather and humidity at 
the time. During the competition day, the surface was not refreshed at 
any time during the daytime, but when rings were combined and reset 
before evening event finals, they would perform a refresh of the surface.

Both 2021 and 2022 UKI U.S. Opens could be entered by any dog 
and handler team registered with UKI. Competitors could choose 
which of several events to enter (e.g., Biathlon, Masters series, and 
Speedstakes). Some events consisted of multiple courses, and some 
courses required a certain level of performance in an earlier course to 
participate (e.g., speedstakes final took only dogs who achieved a top 
score in the speedstakes semi-final). Courses were categorized into 
three classes: standard classes that include all obstacles including 
jumps and contact obstacles; jumpers classes that include jumps, 
tunnels, and weaves, but no contact obstacles; and speedstakes classes 
that include only regular bar jumps and tunnels (41).

During both events, competitors were randomly assigned to 
“rotation groups,” which meant that the time of day a particular dog 
was running a particular course was a function of their randomly 
assigned group. Signalment information on the dogs competing was 
not available; however, information about the height of the dog was 
inferred from their competition jump height. Dogs were assigned to 
a competition jump height category based on their height at the 
withers; handlers could optionally elect to jump one height category 
lower for any reason (“select class”).

We evaluated difference in qualifying run rates and average 
calculated speed (YPS) among classes that had some variation in 
surface; the jumpers classes in 2021 (5 courses, 1 on dirt, 2 on grass, 
and 2 on sand), the jumpers classes in 2022 (4 courses, 3 on dirt, 1 on 
grass), and the speedstakes semi-final course in 2022 that was run on 
both grass on dirt. The speedstakes semi-final course in 2022 is a 
unique comparison as the course was the same for both the grass and 
dirt surface. The other comparisons are among courses in the same 
class (jumpers) but varied in course design.

Models to estimate these differences used all available runs from 
each year and adjusted for specific course, height category and if the 
dog was running in the select class. All models used the method of 
generalized estimating equations (GEE) with robust standard errors 
adjusted for clustering among runs from the same handler.

To evaluate the potential impact of time of day on calculated 
speed and qualifying rate by general surface type, we  fit models 
examining the impact of rotation group on calculated speed (YPS) and 
qualifying rate using GEE. These models were fit separately for each 
of the three classes (standard, jumpers, and speedstakes) by year and 
allowed the impact of rotation group to vary by surface type within 
each class.

All analyses were performed using Stata version 15.1. All p-values 
are presented unadjusted for multiple comparisons, except within year 
and class, we indicated pairwise comparisons that were significant 
after Holm correction. We considered the analysis of differences in 
speed by surface to be the primary analyses.

3 Results

For the 2021 event, there were 458 handlers running 706 unique 
dogs across the entire event. Most handlers ran one (n = 267, 58%) or 

two (n = 149, 33%) dogs, with 9% of handlers (n = 42) running three 
or more dogs. The 2022 event was somewhat larger with 553 unique 
handlers running 870 unique dogs. The percentage of handlers 
running one (n = 298, 54%), two (n = 206, 37%), or three or more dogs 
(n = 49, 9%) was similar to 2021.

In 2021, a total of 2,216 jumpers runs were recorded across five 
different courses (593 on dirt on one course, 931 across two courses 
on grass, and 692 across two courses on sand). In 2022, a total of 2,262 
jumpers runs were recorded across four different courses (1,790 across 
three courses on dirt and 472 on one course on grass). Also in 2022, 
the same speedstakes course was run on both grass (538 runs) and dirt 
(275 runs). Additional runs on dirt were evaluated in both 2021 and 
2022 for standard and speedstakes classes (Table 2). In both 2021 and 
2022, qualifying run rates and average calculated speed (YPS) varied 
by the type of course and the individual course itself (Table 2), with 
higher calculated speeds observed for the speedstakes type courses 
(only jumps and tunnels) and lower calculated speeds and somewhat 
less variable calculated speeds for standard courses that included 
contact obstacles.

3.1 Surface effects on calculated speed

In 2021, the mean calculated speed for both jumpers courses run 
on sand was significantly lower than mean calculated speed for the 
jumpers course run on dirt (0.42 and 0.75 YPS slower; Table 3 and 
Figure 1). The two sand courses were also significantly slower than one 
of the courses run on grass, but they were closer in calculated speed 
to the other grass course, with one course run on sand faster and the 
other slower than the slowest grass course. There was significant 
variation in calculated speed between the two jumpers courses run on 
grass, where one course was significantly faster than dirt and the other 
was significantly slower (Table 3).

In 2022, there was significant variability in the calculated speeds 
among the three jumpers courses run on dirt and the single jumpers 
course run on grass (Table 3 and Figure 2). The course run on grass 
was significantly faster than two of the three jumpers courses run on 
dirt, but was significantly slower than the third jumpers course run on 
dirt. The same speedstakes course was run on both grass and dirt in 
2022; the mean calculated speed was significantly higher on grass than 
dirt (0.35 YPS higher, 95% CI: 0.22 to 0.48 higher; Table 3).

3.2 Time of day effects on calculated speed

In 2021, effects of time of day on calculated speed on dirt were 
inconsistent by class type (Figures 3A–C and Supplementary Table S1). 
In jumpers classes, the lowest calculated speeds were observed midday, 
with higher calculated speeds observed during earlier and later 
rotations. In speedstakes classes, lower calculated speeds were 
observed later in the day, while for standard classes, higher calculated 
speeds were observed later in the day. There was very little variation 
observed by time of day for calculated speed on grass (Figure 3D and 
Supplementary Table S1). In contrast on sand, slower calculated 
speeds were observed later in the day (Figure  3E and 
Supplementary Table S1).

In 2022, the effects of time of day by class type on dirt were again 
inconsistent (Figures 4A–C and Supplementary Table S2). There was 
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low variability observed for the jumpers and standard classes run on 
dirt. For speedstakes, slower calculated speeds were observed later in 
the day, similar to 2021. On grass in 2022, average calculated speed 
was slowest during the earliest rotations in the jumpers class, but 
variability was high, and there was very little variability in the 
speedstakes class (Figures 4D,E and Supplementary Table S2).

3.3 Effects on qualifying rates

In 2022, qualifying rates for the one jumpers course run on grass 
were significantly lower than two of the three jumpers courses run on 
dirt, and slightly lower (although not statistically different) than the 
third (Table 4). Similarly, dogs were significantly less likely to qualify 
on the same speedstakes course in 2022 if running on grass than dirt 
(0.092 lower probability of qualifying on grass, Table 4). However, no 
significant differences were observed related to the probability of 
qualifying among the five jumpers courses run in 2021, and the 
direction of the estimated effects suggested dogs were more likely to 
qualify running on grass or sand compared to dirt (Table 4). No large 

differences in qualifying rates by time of day were observed in either 
2021 or 2022 (Supplementary Tables S3, S4).

4 Discussion

4.1 Surface effects on calculated speed

As was hypothesized, there was a notable variation in calculated 
speed based on surface type with sand appearing to be  a slower 
surface. Sand is generally a softer surface and requires a higher energy 
cost during running compared to running on harder surfaces (42). 
This higher energy cost is due to an increase in muscle activation 
resulting from increased joint range of motion and a decrease in 
muscle-tendon efficiency (42, 43). Due to the high compliance of 
sand, the surface also acts as a damper and reduces take-off velocity 
(43). The combination of these biomechanical interactions with sand, 
result in it being a slower surface compared to harder surfaces (44, 45).

It is important to note that the compositions of equine sand 
arenas, such as the one utilized at this event, are different from the 

TABLE 2 Percentage of qualifying runs and mean calculated speed (YPS) speeds for all courses run in the 2021 and 2022 U.S. Open.

Year – class Surface N runs N clean (%) Mean YPS (sd)

Jumpers classes – 2021

2021 – Biathlon Jumping Dirt 593 95 (16.0%) 5.5 (0.8)

2021 – Masters Final Jumping Grass 405 92 (22.7%) 5.1 (0.6)

2021 – Winner Take All Grass 526 109 (20.7%) 6.0 (0.7)

2021 – Last Chance Masters Jumping Sand 298 58 (19.5%) 5.4 (0.6)

2021 – UKI Nationals Round 1 Sand 394 63 (16.0%) 5.0 (0.5)

Jumpers classes – 2022

2022 – Masters Final Jumping Grass 472 50 (10.6%) 5.7 (1.0)

2022 – Winner Take All Dirt 695 261 (37.6%) 6.3 (0.8)

2022 – Biathlon Jumping Dirt 692 161 (23.3%) 5.6 (0.7)

2022 – UKI Nationals Round 1 Dirt 403 49 (12.2%) 5.3 (0.7)

Standard classes – 2021

2021 – Last Chance Masters Agility Dirt 310 32 (10.3%) 5.3 (0.7)

2021 – Masters Final Agility Dirt 413 87 (21.1%) 4.9 (0.6)

2021 – UKI Nationals Round 2 Dirt 339 76 (22.4%) 5.0 (0.6)

Standard classes – 2022

2022 – Last Chance Masters Agility Dirt 348 19 (5.5%) 5.2 (0.6)

2022 – Masters Final Agility Dirt 499 108 (21.6%) 5.1 (0.8)

2022 – UKI Nationals Round 2 Dirt 425 61 (14.4%) 5.0 (0.8)

2022 – US Open Agility Dirt 677 90 (13.3%) 5.2 (0.6)

Speedstakes classes – 2021

2021 – Power and Speed (speed portion) Dirt 414 91 (22.0%)* 5.4 (0.5)

2021 – Speedstakes Round 1 Dirt 665 235 (35.3%) 5.7 (0.7)

Speedstakes classes – 2022

2022 – Speedstakes Round 1 (group A) Dirt 275 74 (26.9%) 5.5 (0.7)

2022 – Speedstakes Round 1 (group B) Grass 538 76 (14.1%) 6.3 (0.8)

For each course, the number of dogs who started the course (N runs) is reported, as well as the number who ran the course as described without any errors or faults (N clean). From these, the 
percentage of dogs who ran clean (%) is calculated and reported. Among the dogs who ran clean, the mean calculated speed as Yards Per Second (YPS) is reported as well as the standard 
deviation (sd) of these values. *Of all dogs that started the Power & Speed course, not all errors made during the speed portion.
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sand surfaces utilized in most human athletic events, such as beach 
volleyball. Most human sand studies, whether studies evaluating 
running on sand or studies evaluating athletic events on sand, take 
place on 100% sand surfaces. There are still composition and 
biomechanical differences in these human-utilized sand surfaces 
based on particle size, specific mineral content, and whether the sand 
is wet or dry (18). The 100% sand surfaces in human studies more 
closely mirror those studies in harness trotters (18, 46). The sand-like 
surfaces in equine arenas are considered “synthetic surfaces” because 
they are typically composite surfaces of sand/fiber or sand/rubber. The 
other components are added to sand to decrease stiffness, improve 
shear strength and decrease compaction of the sand (36, 47). The 
variation in type and size of the fibers and the type and size of the 
rubber affect equine biomechanics in different ways (36). It would 
be expected that these surface component variations would also affect 

canine biomechanics, though no studies have been performed to 
evaluate these effects.

Calculated average speeds in YPS on grass and dirt appeared 
generally similar, with some courses on dirt having higher calculated 
speeds than courses run on grass, but some courses on grass having 
higher calculated speeds than dirt. There was also a substantial amount 
of variability in calculated speed among the various jumpers courses, 
making comparison of surface effects challenging. The 2022 speedstakes 
course that was run on both dirt and grass provides a head-to-head 
comparison of calculated speed, with higher calculated speeds observed 
for grass. However, the substantially lower qualifying rate on grass raises 
the potential that less competitive (slower) dogs were less likely to 
qualify on grass, making it appear that grass was faster than dirt.

Dirt and grass have different mechanical properties that would 
be expected to have effects on speed (48). It has also been shown that 

TABLE 3 Estimated differences in calculated speed for jumpers and speedstakes courses run on different surfaces.

Mean difference in speed (YPS, 95% CI) Significant pairwise differences*
2021 Jumpers courses

aDirt (Biathlon Jumping) (Ref) All significant (10 total)

bGrass1 (Masters Final Jumping) −0.61 (−0.70, −0.51)

cGrass2 (Winner Take All) 0.31 (0.21, 0.42)

dSand1 (Last Chance Masters) −0.42 (−0.55, −0.30)

eSand2 (UKI Nationals Rd1) −0.75 (−0.88, −0.63)

2022 Speedstakes Round 1

Dirt (Ref) One (p < 0.001)

Grass 0.35 (0.22, 0.48)

2022 Jumpers courses

aGrass (Masters Final Jumping) (Ref) All significant (6 total)

bDirt1 (Biathlon Jumping) −0.15 (−0.27, −0.04)

cDirt2 (Winner Take All) 0.45 (0.34, 0.56)

dDirt3 (UKI Nationals Rd1) −0.38 (−0.52, −0.24)

YPS, Yards Per Second; negative values indicate slower YPS relative to the reference category. 95% CI, 95% confidence interval, estimated from a model adjusted for height category, if the dog 
was running select, and accounting for clustering by handler. *Pairwise comparisons done within each year and type of course combination and comparisons that were significant after the 
Holm correction are identified. a–e are used as superscripts to identify pairwise differences.

FIGURE 1

Estimated differences in calculated speed for jumpers courses run on 
different surfaces at the 2021 U.S. open. Estimates are adjusted for 
height category and if the dog was running select.

FIGURE 2

Estimated differences in calculated speed for jumpers courses run on 
different surfaces at the 2022 U.S. open. Estimates are adjusted for 
height category and if the dog was running select.
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the incidence of fatal racing injuries in Thoroughbred racehorses is 
higher on dirt tracks than grass tracks (49), indicating a significant 
difference in biomechanical effects. However, in many human sports, 
grass (natural turf) fields have fallen out of favor in place of artificial 
turf due to the higher risk of injuries and concussions associated with 
playing on grass compared to artificial turf (32, 50). There are many 
other variables that affect the comparison between grass and dirt 
courses in this study, as well as across sports and species. There are 
significant effects of moisture content, temperature, and maintenance 
on grass and dirt surfaces. In Thoroughbred racing, it has been shown 
that speeds are higher with dry track conditions due to increased 
surface firmness, so the fluctuation in moisture content of the dirt and 
grass surfaces throughout the day could be confounding factors for 
course speed (48). Temperature has also been shown to affect surface 
mechanics as well as speed during racing (14, 51). Surfaces with 
higher temperatures have been shown to have reduced vertical 
displacement of the surface and reduced vertical impulse, thereby 
potentially increasing speed (51). In this study, the dirt surfaces were 
all covered (and half were in a climate-controlled building), and the 
grass surfaces were exposed, which leads to the potential for 
temperature to be a confounding variable for the comparison of dirt 
versus grass in this study.

4.2 Time of day effects on calculated speed

The type and schedule of arena surface maintenance varies by agility 
event. Surface maintenance for dirt and synthetic surfaces can include 

adjusting the moisture content and adjusting the depth of the top layer 
of the material, also known as the uncompacted layer. The moisture 
content is adjusted through watering the material. The depth of the 
uncompacted layer can be increased by harrowing, i.e., using specialized 
equipment to rake/groom the surface thereby loosening the material, or 
the depth can be decreased by compacting the surface using rollers. 
These UKI events primarily performed harrowing in the morning before 
the event started and watering with compacting at night. The surface 
was not maintained during the day and therefore, it can be assumed that 
as dogs ran on the surface, the surface properties changed throughout 
the day in the absence of maintenance. For the synthetic and dirt 
surfaces, the cushion depth is going to be greatest in the morning after 
harrowing. This could potentially result in slower speeds and increased 
energy expenditure, thereby resulting in lower qualifying rates if dogs 
were more likely to fault due to the cushion depth (51). Since the 
surfaces were not harrowed throughout the day, it would be expected 
that as the surface compacted that the vertical displacement would 
decrease, resulting in faster speeds, and also resulting in higher impact 
forces and potentially increased injury risk (51).

However, when evaluating the time-of-day effects from this event, 
the results were not consistent with these expectations. There was a 
noticeable order effect on dirt for speedstakes, where later runs were 
actually slower (particularly midday) in both 2021 and 2022, which is 
opposite of the expected effect of surface compaction. This same 
pattern was not consistently observed for dirt on standard courses. 
There was a small trend in a similar direction for standard runs in 2022, 
but a larger trend in opposite direction for standard runs in 2021. Sand 
had lower calculated speeds late in the day (jumpers from 2021) and 

FIGURE 3

Estimated difference in calculated speed difference by order among classes run on dirt (A–C), grass (D), and sand (E) from the 2021 U.S. Open. Models 
are adjusted for height class and if dog is select. Plots show the trend by rotation group with the earliest group (1) used as the reference.
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dogs were less likely to qualify on sand early in the day. Therefore, it is 
likely that other surface variables, such as moisture content and 
temperature, could be affecting these results. The other consideration 
is the effect of ruts created by the dogs running the same course 

throughout the day. While there are no studies that have evaluated the 
effects of ruts on speed, performance, or injury in agility dogs, it is 
possible that the more compliant the surface, the more likely there are 
to be ruts created over time. These ruts could cause dogs to slow down 

FIGURE 4

Estimated difference in calculated speed difference by order among classes run on dirt (A–C) and grass (D, E) from the 2022 U.S. Open. Models are 
adjusted for height class and if dog is select. Plots show the trend by rotation group with the earliest group (rotations 1 and 2) used as the reference.

TABLE 4 Estimated differences in probability of qualifying for jumpers and speedstakes courses run on different surfaces.

Mean difference in probability of qualifying (95% CI) Significant pairwise differences*
2021 Jumpers courses

aDirt (Biathlon Jumping) None (10 total)

bGrass1 (Masters Final Jumping) 0.045 (−0.003, 0.924)

cGrass2 (Winner Take All) 0.056 (0.014, 0.097)

dSand1 (Last Chance Masters) 0.057 (0.003, 0.111)

eSand2 (UKI Nationals Rd1) 0.014 (−0.029, 0.056)

2022 Speedstakes Round 1

Dirt (Ref) One (p < 0.001)

Grass −0.092 (−0.144, −0.040)

2022 Jumpers courses

aGrass (Masters Final Jumping) (Ref) All significant except a vs. d

bDirt1 (Biathlon Jumping) 0.134 (0.096, 0.172)

cDirt2 (Winner Take All) 0.282 (0.239, 0.325)

dDirt3 (UKI Nationals Rd1) 0.032 (−0.004, 0.069)

Positive differences in probability of qualifying indicate larger probability of qualifying relative to the reference category. 95% CI, 95% confidence interval, estimated from a model adjusted for 
height category, if the dog was running select, and accounting for clustering by handler. *Pairwise comparisons done within each year and type of course combination and comparisons that 
were significant after the Holm correction are identified. a–e are used as superscripts to identify pairwise differences.
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or even fault depending on how the line of the dog corresponds to the 
ruts. It is also possible that smaller dogs may be more affected by these 
ruts than larger dogs. The impact of ruts on equine performance is 
likely less due to the regular harrowing and larger size of the horse 
compared to the dog. Regular surface maintenance and harrowing of 
equine arenas are recommended during equine performance training 
and events in order to prevent surface compaction and reduce risk of 
injury but it is unknown if a similar recommendation should be made 
for agility dogs (51).

Variation in grass surface is also likely to influence speed, 
performance and potentially injury rates. While grass surfaces are less 
prone to the effects of compaction as synthetic or dirt surfaces, and 
therefore require less maintenance throughout the day, they may 
be  more prone to environmental (temperature and weather) and 
moisture effects. In areas where humidity is high, like Florida, grass 
will often be wet in the morning, potentially resulting in more slipping 
during jumping and tight turns that could affect both course speeds 
and qualifying rates. However, there was very little difference in 
calculated speed or qualifying rate by time of day for all courses run 
on grass. This may indicate that grass is a more consistent surface, 
regardless of environmental effects, or it is possible that the observed 
days had limited variation in environmental effects.

4.3 Effects on qualifying rates

In 2021, dogs were somewhat more likely to have qualifying 
jumpers runs on grass and sand than on dirt. In 2022, dogs were far 
less likely to qualify on grass than on dirt. It is unknown whether the 
differences in qualifying rates were due directly to surface effects on 
speed and biomechanics, or whether they were due to differences in 
course design, the specific dogs running those courses, surface 
mechanics factors, or environmental factors. It is possible that the 
specific combination of surface and type of course, whether it is a 
more technical course with tighter turns and more complex handling 
versus a wide-open running course, could also influence qualifying 
rates and speeds. For example, it is possible that even though sand is 
a generally slower surface, there may not be as much of an effect on 
performance for wide open running courses as the more technical 
courses where the sand would have a larger effect on the ability to 
accelerate after the greater and more frequent decelerations required 
to navigate a technical course.

4.4 Limitations

One factor that makes evaluating agility performance complex 
and challenging, particularly with regards to the effects of surface, is 
the handler component. Since agility is a handler-directed sport, the 
biomechanical effects of the surface not only affect the dog, but also 
the handler. The effects of surface on the handler may make it more or 
less difficult for the handlers to navigate the course, thereby affecting 
the timing of directions and cues and causing variation in the speed 
and accuracy of their dog’s performance. This effect is likely more 
noticeable in technical courses (e.g., biathlon) and less noticeable in 
wide open courses where dogs are likely to make accurate assumptions 
about where to go without handler cues.

Limitations of this study include the small number of qualifying 
runs, the variability in course design associated with a real event, and 

lack of information about specific faults. The small number of 
qualifying runs and no information about partial split times limited 
our ability to make full conclusions, despite a very large event, as dogs 
only received a calculated speed if they had no faults and were not 
eliminated. Also, while YPS is a reflection of dog speed as it is 
calculated based on the course completion time and distance between 
obstacles, it is only an estimate of average speed. Since UKI measures 
the shortest distance between obstacles to determine course yardage, 
the measured distance between obstacles may not accurately reflect 
the dog’s actual running line between obstacles. The dog’s traveled 
path is likely longer than the measured distance, and will vary based 
on size of the dog, speed, training, and handling, among other factors. 
YPS also only represents the average speed, which does not provide 
granular information about speed throughout the course, or 
acceleration and deceleration, all of which could provide valuable 
information about agility course performance.

With the exception of the 2022 speedstakes course that was run on 
both grass and dirt, specific individual courses were only run on one 
substrate. Thus, it is unknown how much the course design contributed 
to the differences in course performance versus the surface itself. It is 
also possible that the course design masked some of the surface effects 
on course performance, and without course design variations the 
surface effects would have been larger. The relatively smaller variability 
in calculated speed among standard courses that were all run on dirt 
both years, may reflect less variability in course design for standard 
courses or may reflect more similar calculated speeds on a consistent 
substrate (dirt) compared to jumpers courses. Additionally, as a real 
event, handlers could choose which events to enter and may have 
strategically entered some events and not others for a variety of 
unknown reasons. Likewise, as these events took place shortly after the 
COVID-19 pandemic, the group of handlers and dogs competing 
(particularly in 2021) may not fully reflect the population of agility 
dogs and handlers who would attend such events in future years.

Limitations also included lack of detail about variables within the 
surface itself, such as specific surface composition, wet versus dry 
grass, moisture content of the dirt and synthetic sand surfaces, 
compaction level, environmental humidity levels, and surface 
maintenance. While the general surface type was provided by the 
venue, this information was not based on laboratory testing of the 
surface composition, so exact details of the surface were unknown. 
We were also not able to assess the environmental factors present 
throughout the day, such as heat and humidity, both of which not only 
affect the surface mechanical properties, but also canine exercise 
physiology. We also could not evaluate associations between faulting 
of specific obstacles based on surface, time of day or with specific 
environmental effects. We were unable to assess the effect of surface 
on the handlers and how that impacted dog speed and performance. 
Controlled studies will be  needed to evaluate these surface and 
performance variables individually. Despite the numerous limitations, 
this study provides valuable real-world data from a large number of 
dogs running the same courses in a random order throughout the day.

4.5 Conclusion

Since surface has been demonstrated to contribute to 
musculoskeletal injury, in both human and equine athletes, it is critical 
to determine what effects surface has on agility dog biomechanics, 
performance, and injury. This study provides insight into the 
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complexity of surface effects on performance in agility dogs. It 
highlights the need for canine-specific surface studies and, in 
particular, studies on the effect of surface variables on canine agility 
kinetics and kinematics of performance and how these relate to risk 
of development of musculoskeletal injuries. Biomechanical and injury 
studies may help to determine a preferred surface type for agility, both 
for dog safety and competitiveness. A greater understanding of the 
complex interactions between surface, biomechanics, and injury is 
needed to improve the health and longevity of canine agility athletes.
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