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Simple Summary: Canine sporting competitions, e.g., agility, obedience, rally obedience, and utility
trials, e.g., protection, tracking, search, and messenger, are physically and mentally demanding
disciplines. There is a growing concern within the dog sports community that some disciplines
and breeds may be at higher injury risk. This study aimed to describe the frequencies and types
of injuries experienced amongst Swedish sporting and utility trial dogs and to explore associations
between discipline, breed, sex, neuter status, age, and injury history. Through a questionnaire survey,
information about 1582 dogs was collected. During their lifetime, more than half of the dogs (n = 928,
58.7%) had suffered from an injury whether it appeared during training, competition, or outside
of sport. Key findings were that muscular, joint, and dermatologic injuries were most commonly
reported and the most common injury locations were the thoracic, lumbar and lumbosacral spine,
paw, head, shoulder, and stifle. In a multivariate analysis, Border Collies, Belgian Malinois, and
higher age at the time of report increased the odds of injury history. Our results provide more
understanding of injuries in sporting and utility dogs and contribute to injury prevention strategies
that potentially enhance canine welfare.

Abstract: Canine sporting competitions, e.g., agility, obedience, rally obedience, and utility trials,
e.g., protection, tracking, search, and messenger, are physically and mentally demanding disciplines.
This study aimed to describe the types and frequencies of injuries experienced amongst Swedish
sporting and utility trial dogs and to explore associations between discipline, breed, sex, neuter
status, age, and injury history. Dog handlers provided information on competition-level dogs
(n = 1582) through a cross-sectional survey. The overall proportion of dogs sustaining any injury
during their lifetime, whether it was during competition, training, or outside of sport, was 58.7%
(n = 928). Muscular, joint, and dermatologic injuries were most commonly reported and the most
common injury locations were the thoracic, lumbar and lumbosacral spine, paw, head, shoulder,
and stifle. According to multivariate analysis, Border Collie (adjusted OR 1.93), Belgian Malinois
(adjusted OR 2.51) and higher age at the time of report (adjusted OR 1.81–9.67) increased the odds of
injury history. Our results provide more understanding of injuries in sporting and utility dogs and
contribute to injury prevention strategies that potentially enhance canine welfare.

Keywords: sports; utility dogs; working dogs; injury; agility; obedience; rally obedience; tracking;
protection; search

1. Introduction

Obedience, rally obedience, agility, and utility dog trials are canine sporting and trial
disciplines consisting of progressive competitive levels, testing the physical and mental
capacities, workability, and performance of the dogs. In dog sports and utility trials, han-
dlers navigate the dogs through various tasks, e.g., heelwork, obstacles of various heights
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to overcome, objects of various weights to retrieve, searching and tracking for people in the
forest, running and jumping to catch, and adapting and withstanding environmental chal-
lenges [1]. The obstacles are hurdle jumps of pre-determined heights and the objects are of
various pre-determined sizes and weights in relation to the dog’s height at the withers [2–5].
In the utility disciplines, dogs perform scent tasks, e.g., tracking and searching for hidden
people, and long-distance running between stations from one handler to another (messen-
ger) [3]. The dogs’ success depends on their ability to jump, retrieve objects, perform scent
tasks, focus on precision movement during heelwork, i.e., the dog’s shoulder remaining
level with the handler’s leg throughout various maneuvers, and to complete tasks without
faults according to a judge and dog sport-specific regulations [6,7]. The physical and mental
requirements vary among disciplines, where disciplines such as agility, obedience, and
utility involve tasks that require muscle strength and power, while rally obedience has a
lower physical impact [1,7,8]. Utility disciplines, like tracking, searching and messenger,
demand cardiorespiratory and muscular endurance from the dog [9–11]. All disciplines
consist of progressive levels, from beginner to higher competitive levels. Each level consists
of increasingly challenging exercises, e.g., heavier dumbbells, recalls with quicker stops,
higher obstacles, longer tracks, and larger search areas in heavier terrain [2–5].

Sporting and utility trial competitions are popular within the canine industry and
veterinary and rehabilitation professionals are regularly consulted to evaluate, treat, and
provide rehabilitation interventions to these dogs. Therefore, increased awareness and
expanded information regarding injury characteristics, including onset of injury and as-
sociated factors in sporting and utility trial dogs participating in various disciplines, are
essential for veterinary and rehabilitation professionals to be effective within this field, and
for dog handlers, judges, breeders, and organizers of training, trials, and competitions to
possibly prevent increased incidence of injury [1,12].

While training towards competition in obedience, rally obedience, agility, and utility
trials provides opportunities for physical activity and mental enrichment, it is not without as-
sociated risks. Behavior-based selection of dogs for participation in utility trials and breeding
programs has been applied for many years [13,14]. One trait, boldness, has especially been
found useful in predicting performance in utility trial dogs, i.e., high-performing dogs are
bolder compared to low-performing dogs [15,16]. Positive correlations have been reported
between boldness and playfulness, exploratory behavior and a pro-social attitude, and nega-
tive correlations with avoidance and inhibition behavior [17–19]. Personality traits in the dog
may be a risk factor for injury independent of breed, but this has, to the knowledge of the
authors, not been evaluated in the literature. The identification and understanding of risk
factors for sports-related injuries in dogs are essential for the well-being of canine athletes
and their long-term participation in these activities. Over the last decade, the identification of
associated factors concerning canine health and well-being has gained more attention among
dog handlers and animal health care professionals [20–28]. There is also a concern about
these increased risks of injury in sporting and utility trial dogs and concerns surrounding
possible welfare implications, which may result in ethical dilemmas for stakeholders, i.e., dog
handlers, judges, breeders, and organizers of competitions [29,30].

Based on previous canine epidemiological research, the prevalence rate of injuries in
competitive agility dogs varies with the population surveyed. Prevalence rates between 8.0
and 45.5% have been found in dogs suffering at least one injury during their career [24,31–35].
A recent survey of working dogs presented an injury proportion of 45.5%, which is higher than
in competitive agility dogs [24,31,32]. Interestingly, musculoskeletal injuries in working dogs
showing temporary but overt signs of injury at onset never reoccurred in 92.0% of the cases [31].
Unlike in the field of human sports medicine and rehabilitation, the return to participation,
sports, and the performance continuum [36], and the prognosis for a continued competitive
career in sporting and utility trial dogs are still largely unknown due to a paucity of data [37]. In
two previous studies of agility dogs returning to sports following orthopedic injury and cranial
cruciate ligament rupture, two-thirds of the dogs returned to competition [38,39]. Nearly half
of the dogs participated at a lower level of performance [38].



Animals 2024, 14, 398 3 of 20

Dogs practicing agility have been more extensively studied. There are several factors
associated with injury described in the literature. Among breeds, Border Collies have
repeatedly been reported to have a higher risk of agility-related injuries [27,32,40]. In
working utility dogs, Belgian Malinois and Labrador Retrievers have been associated
with higher injury risk compared to German Shepherd Dogs [41]. Another study in
working utility dogs did not find any breed association with traumatic dentoalveolar
injury [42]. Studies indicate higher proportions of injury history with increasing age of
the dog at the time of survey participation [28,34,40,41,43]. Altered sexual status has
been addressed as a potential risk factor for some canine cancers and joint disorders [44].
There is, however, no consensus regarding sexual statuses and relationships to injury
in competitive dogs. Spay and neuter have been associated with hip dysplasia, elbow
dysplasia, and cranial cruciate ligament disease in certain breeds, albeit not in the context
of sports or utility [44]. Regarding sports, increased injury proportions have been reported
in spayed female agility dogs [34,45], while the results in another study do not indicate any
relationships between altered sexual status and injuries in agility dogs [40]. Besides sport-
specific characteristics, the probability of injury has been shown to vary with geographic
location [40]. This may be a reflection of several cultural differences which may influence
injury incidence. For example, it has been reported that the duration of daily walks is
longer in Finnish and Swedish agility dogs compared to in the USA [46–48], and the sexual
statuses are unaltered to a larger extent in Swedish competition dogs compared to American
competition dogs [32,47,49].

Studies on the risk of and protective factors to injury continue to be scarce, especially
in utility dogs, and consequently, preventive advice to dog handlers, e.g., physical activities,
activity-to-rest ratio, and sport-specific training, are limited and continue to be based
on experience.

This study aimed to describe frequencies and any types of injuries experienced in
Swedish sporting and utility trial dogs participating in various disciplines and from differ-
ent breeds, and to explore associations between discipline, breed, sex, neuter status, age,
and any injury history. Based on previous studies in agility dogs and the experience of
the authors, we hypothesized that increased injury proportions are associated with dogs
participating in agility, Border Collies, altered sexual status, and higher age at the time of
injury report. We hypothesized that dogs’ sex is not associated with injury history.

2. Materials and Methods
2.1. Study Design

This study was descriptive and correlational with a cross-sectional study design,
exploring the injury frequencies and relationships between disciplines, breeds and type,
sex, neuter status, the dogs’ age at report, and comprehensive injury history in a sample of
Swedish sporting and utility trial dogs.

2.2. Dogs and Data Collection

This study was conducted with competitive sporting and utility trial dogs (n = 1582)
using reported data from an online questionnaire survey completed by dog handlers [29,47].
The questionnaire examined the demographic variables of the dog, e.g., sex, age, body weight,
breed, and sports-related variables, e.g., participation in various disciplines, health history,
and return to competition. Items regarding a specific injury complaint leading to the dog
handler’s and/or medical attention during the lifespan of the dog were included in the
survey. Respondents reported complaints of injury, confirmed by a veterinarian and/or
self-diagnosed. They were asked about the presence of injuries, if the injury(-ies) kept the dog
from participating in sport-specific training, competition and/or other physical activity, and
about the onset of the injury(-ies). The respondents were then asked to describe the injury(-ies)
and whether the injury(-ies) had been confirmed by a veterinarian or not. Details of the
questionnaire survey have been previously published [47]. Variables regarding demographics
and health history are described in the Supplementary file, Table S1.
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2.3. Definition of Injuries

In the present study, musculoskeletal, neurological, dermatological, dental, and ocular
injuries were defined as injuries regardless of whether they represented acute injury or
acute-on-chronic repetitive trauma. Any injury, despite the onset of injury signs appearing
as a result of activity (including non-sporting activity) or directly as a result of engaging
in sports-related activity, was included. The presence of canine hip and elbow dysplasia
has been reported previously and was not defined as injury in this study [47]. Reported
injury complaints and musculoskeletal, neurological, dermatological, dental, and ocular
conditions were reviewed and classified according to Pyramidion (Svensk Djursjukvård,
Stockholm, Sweden) [50], a diagnostic coding system with a hierarchical structure, used in
the veterinary patient record and practice management system Provet Cloud© (Nordhealth
Ltd., Helsinki, Finland, 2023). According to the diagnostic coding system, data from
reported injury were categorized into an organ system (e.g., the digestive system), a
level of that organ system (e.g., oral cavity, throat, esophagus), and the type of injury or
disease process (e.g., traumatic), and, when possible, to a specific diagnosis (e.g., tooth
fracture). To enable comparison with other previously reported injury research in sporting
and utility dogs, injuries were also categorized and described by canine anatomical body
locations [32]. Injury distributions were reported once per dog by body system in the
Pyramidion diagnosis system and once by canine anatomical body location. Unspecified
signs of injury were categorized into the multiorgan category in the Pyramidion diagnosis
system, e.g., lameness and signs of pain. Unspecified injury locations were categorized as
“forelimb”, “hindlimb”, or “limb” when possible. In the case in which no anatomical body
location was further specified by the respondent, the injury location was assigned to the
type of tissue involved, i.e., bone, joint, muscle, pain, soft tissue, or tendon.

A dog was categorized into the injury group if the respondent had answered “Yes”
to the question if the dog had had any injury and/or if the respondent reported injury
complaints and veterinary diagnosis in succeeding survey questions. An audit of all cases
revealed that a few (n = 37) respondents had answered “No” to the question if the dog
had had an injury and they then reported injury complaints and veterinary diagnosis.
These dogs had musculoskeletal conditions, e.g., osteoarthritis and spondylosis, and were
included in the injury group since chronic degenerative changes may present with acute
signs of injury.

2.4. Statistical Methods

Categorical variables were summarized as frequencies and proportions (%). The dis-
tributions of continuous variables were manually inspected. Mean and standard deviation
(SD) was calculated for normally distributed variables and median and interquartile range
(IQR) for non-normally distributed variables.

The distributions of different types of injuries are expressed as frequencies and propor-
tions in the total cohort, by participation in various sporting and utility trial disciplines and
by the most common breeds and type of dogs. Individual breeds, except mixed breeds, are
presented in the results if there were ≥50 dogs in the sample of that breed. Dogs from other
pure breeds were collapsed into a group called “Other purebreds”. The injury proportions
are expressed as the frequencies and proportions of the number of dogs in individual disci-
plines, breeds and type, sex, neuter status (intact/altered), and the dogs’ age at the time of
report. To avoid small frequencies in the contingency tables, individual disciplines were
included in the analysis of injury history if there were ≥50 dogs in the sample participating
in that discipline. Utility trial disciplines including mondioring were collapsed into one
group “Utility” and further combined into four categories, i.e., protection, tracking, search,
and messenger [3,47].

Chi-squared tests were used to test for differences in injury frequency distribution in
disciplines, breeds, sex, neuter status, age category at the time of report, and any injury
history. The 95% Wilson confidence intervals of the injury proportions were estimated
using Epipools [51]. Sensitivity analysis was performed to assess the possible influence of
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veterinary-confirmed diagnosis in reported frequencies of injury history by participation in
disciplines and breeds. In the sensitivity analysis, we excluded all self-diagnosed injuries
that, according to the respondent, were not confirmed by a veterinarian.

A binary multivariate logistic regression model was used to account for differences
in lifetime exposure for different aged dogs at the time of report and to estimate the
associations between the binary outcome variable, i.e., any injury history, and independent
variables. Associations to injury history were identified by entering all the independent
variables, i.e., competing in obedience, rally obedience, agility and/or utility trial, breed
or type, sex, neuter status, and age at report, into the regression model simultaneously,
i.e., forced entry. To check for multicollinearity between the independent variables, the
variance inflation factor (VIF) was calculated. The VIF for the independent variables was
acceptable (range 1.004–1.567), suggesting there was no multicollinearity.

All statistical analyses were performed with SPSS Statistics 26.0 (IBM Corp., Armonk,
NY, USA) and Epitools (https://epitools.ausvet.com.au (accessed on 5 January 2024)) [51].
The level of significance was set to p < 0.05.

3. Results

This study encompasses 1582 sporting and utility trial dogs that have previously
been described demographically in another peer-reviewed publication [47]. Here, the
distribution of disciplines, sexual status, and lifetime age by breed and type of dog in the
study group can be seen in Table 1. Of all dogs >1–2 years of age (n = 93), six (6.5%) had
altered sexual status. In dogs 2–4 years old at the time of report, 55 (14.2%) were altered.

Here, handlers of sporting and utility trial dogs reported that 928 (58.7%) dogs had
experienced at least one injury and/or sign of injury across their lifetime to their current age,
and the mean number of injuries was 1.6 per dog (Figure 1). In total, there were 1499 injuries
reported in this study. Of the injured dogs, 403 (43.4%) had experienced one injury, 372
(40.1%) had experienced two to three injuries, and 116 (12.5%) had experienced four injuries
or more. Concerning injury frequency, missing values occurred due to inconsistencies in
the answers from some respondents. Following an audit of the injury data, thirty-seven
dogs from the non-injury group were moved to the injury group since the respondents
reported that the dogs had musculoskeletal conditions, e.g., osteoarthritis and spondylosis,
which were defined as injuries in this study.

Amongst the injured dogs, the age category 4–6 years was the most common (n = 243,
26.2%) (Table 2). Of the injured dogs, n = 364 (39.2%) were intact females, n = 143 (15.4%)
were altered females, n = 309 (33.3%) were intact males, and n = 112 (12.1%) altered males
(Table 2). The median body weight of injured dogs was 24 kg (IQR 14 kg, n missing = 3),
and of dogs reported without injury, it was 22 kg (IQR 15.5, n missing = 3). Handlers
reported that nearly half of the dogs in the study (n = 715, 45%) had experienced an injury
that kept the dog from participating in training or competition. Injury or signs of injury
during or following participation in sport-specific training and competition, were reported
in 394 (24.7%) and 109 (6.8%) of the dogs, respectively. In 534 (33.8%) of the dogs, the injury
or signs of injury were perceived outside of sport-specific training or competition.

The respondents for the majority of the dogs in the injured group (n = 767, 83%) further
specified the onset of injury complaints. The most common onset of injury appeared in the
forest (n = 95,10.2%); because of slipping (n = 87,9.4%); during physical activity and for an
unknown reason (n = 67, 7.2%); when crashing into something, e.g., the handler, a hurdle,
or a decoy (n = 59, 6.4%); jumping (n = 49, 5.3%); playing with another dog (n = 49, 5.3%),
and playing in other ways than with another dog (n = 49, 5.3%). Additional onsets of injury
are presented in the Supplementary file, Table S2.

https://epitools.ausvet.com.au
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Table 1. Demographics and characteristics of sporting and utility dogs (n = 1582). Data are presented as frequencies and proportions (%).

Full Cohort Australian
Kelpie

Australian
Shepherd

Border
Collie

Belgian
Malinois

German
Shepherd Dog

Labrador
Retriever

Shetland
Sheepdog

Other
Purebreds

Mixed
breeds

n (%) of all dogs 1582 75 (4.7) 86 (5.4) 133 (8.4) 111 (7.0) 205 (13.0) 67 (4.2) 67 (4.2) 791 (50.0) 46 (2.9)

Discipline

Obedience 790 (49.9) 45 (60.0) 61 (70.9) 83 (62.4) 47 (42.3) 86 (42.0) 40 (59.7) 11 (16.4) 525 (66.4) 14 (30.4)
Rally obedience 596 (37.7) 30 (40.0) 45 (52.3) 38 (28.6) 9 (8.1) 21 (10.2) 26 (38.8) 33 (49.3) 368 (46.5) 26 (56.5)

Agility 430 (27.2) 25 (33.3) 20 (23.3) 72 (54.1) 8 (7.2) 1 (0.5) 4 (6.0) 56 (83.6) 217 (27.4) 27 (58.7)
Utility trials * 847 (53.5) 49 (65.3) 55 (64.0) 44 (33.1) 99 (89.2) 194 (94.6) 41 (61.2) 3 (4.5) 361 (45.6) 1 (2.2)

Sexual status

Intact female 692 (43.7) 37 (49.3) 34 (39.5) 62 (46.6) 45 (40.5) 93 (45.4) 19 (28.4) 31 (46.3) 353 (44.6) 18 (39.1)
Intact male 518 (32.7) 17 (22.7) 37 (43.0) 39 (29.3) 41 (36.9) 72 (35.1) 31 (46.3) 22 (32.8) 254 (32.1) 5 (10.9)

Spayed female 205 (13) 15 (20.0) 7 (8.1) 14 (10.5) 17 (15.3) 31 (15.1) 6 (9.0) 9 (13.4) 98 (12.4) 8 (17.4)
Neutered male 167 (10.6) 7 (9.3) 8 (9.3) 18 (13.5) 8 (7.2) 9 (4.4) 11 (16.4) 5 (7.5) 86 (10.9) 15 (32.6)

Age at report

<1–2 years 93 (5.9) 3 (4.0) 11 (12.8) 11 (8.3) 8 (7.2) 7 (3.4) 1 (1.5) 8 (11.9) 43 (5.4) 1 (2.2)
2–4 years 387 (24.5) 21 (28.0) 14 (16.3) 22 (16.5) 39 (35.1) 55 (26.8) 20 (29.9) 18 (26.9) 186 (23.5) 12 (26.1)
4–6 years 428 (27.1) 17 (22.7) 24 (27.9) 42 (31.6) 19 (17.1) 59 (28.8) 17 (25.4) 17 (25.4) 222 (28.1) 11 (23.9)
6–8 years 268 (16.9) 12 (16.0) 20 (23.3) 25 (18.8) 19 (17.1) 34 (16.6) 13 (19.4) 11 (16.4) 130 (16.4) 4 (8.7)
8–10 years 207 (13.1) 12 (16.0) 12 (14.0) 19(14.3) 13 (11.7) 25 (12.2) 11 (16.4) 9 (13.4) 97 (12.3) 9 (19.6)
>10 years 94 (5.9) 6 (8.0) 5 (5.8) 10 (7.5) 2 (1.8) 7 (3.4) 3 (4.5) 3 (4.5) 53 (6.7) 5 (10.9)
Deceased 105 (6.6) 5 (6.7) 0 (0) 4 (3.0) 11 (9.9) 18 (8.8) 2 (3.0) 1 (1.5) 60 (7.6) 4 (8.7)

* Utility trial disciplines were defined as Swedish Schutzhund, tracking (SWDA), search (SWDA), messenger (SWDA), patrol (SWDA), International Utility Dog trials (tracking,
obedience, protection, search and rescue), International Nordic Style, BH/VT, and mondioring, and were collapsed to one category. SWDA = Swedish Working Dog Association.
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Figure 1. Flow chart illustrating the sporting and utility trial dogs included in this study.

Table 2. Number and proportion (%) of injured dogs (n = 1582), by participation in various disciplines,
breeds or type of dog, age categories at the time of report categories, and sexual status. Estimated
Wilson confidence intervals (95%) of the injury proportions and p-values from asymptotic significance
Chi-squared tests (2-sided) are presented.

n of Dogs n (%) of Injured Dogs 95% CI of the Injury Proportions p-Value

Disciplines *

Obedience 790 455 (57.6) 54.1–61.0 0.102
Rally obedience 596 348 (58.4) 54.4–62.3 0.865

Agility 430 274 (63.7) 59.1–68.1 0.013
Utility trials 847 516 (60.9) 57.6–64.2 0.050

Breed or type of dog <0.001

Australian Kelpie 76 40 (52.6) 41.6–63.5
Australian Shepherd 86 43 (50) 39.7–60.3

Border Collie 133 95 (71.4) 63.2–78.4
Belgian Malinois 111 81 (73) 64.1–80.4

German Shepherd Dog 205 115 (56.1) 49.3–62.7
Labrador Retriever 67 38 (56.7) 44.8–67.9
Shetland Sheepdog 67 34 (50.7) 39.1–62.4

Mixed breeds 46 32 (69.6) 55.2–80.9
Other purebreds 791 450 (56.9) 53.4–60.3

Sexual status

Male 685 421 (61.5) 57.8–65.0 0.048

Neuter status

Altered 372 255 (68.5) 63.7–73.1 <0.001

Age <0.001

<1–2 years 93 25 (26.9) 18.9–36.7
2–4 years 387 162 (41.9) 37.1–46.8
4–6 years 428 243 (56.8) 52–61.4
6–8 years 268 187 (69.8) 64.0–75.0
8–10 years 207 158 (76.3) 70.1–81.6
>10 years 94 75 (79.8) 70.6–86.7
Deceased 105 78 (74.3) 65.2–81.7

* Dogs were stratified by participation in various disciplines; agility, obedience, rally obedience, or any of the
utility trial disciplines. Utility trial disciplines were defined as Swedish Schutzhund, tracking (SWDA), search
(SWDA), messenger (SWDA), patrol (SWDA), International Utility Dog trials (tracking, obedience, protection,
search and rescue), International Nordic Style, BH/VT, and mondioring, and were collapsed to one category.
SWDA = Swedish Working Dog Association. CI = confidence intervals.
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3.1. Distribution of Injuries According to Body Systems

The dogs had sustained injuries corresponding to eight various body systems accord-
ing to the Pyramidion diagnosis system. Based on all injuries reported (n = 1499), muscular,
joint, and dermatological injuries, along with unspecified injury complaints classified to the
multiorgan system, were the most commonly reported. The distribution of injuries among
dogs with at least one injury is presented in Tables 3 and 4. Injuries are categorized by
diagnoses and corresponding body systems according to the Pyramidion diagnosis system,
and stratified by participation in various sporting and utility trial disciplines (Table 3).
Muscular injuries were proportionally most common in dogs participating in messenger
(n = 11, 33.3%), protection (n = 45, 26.6%), agility (n = 112, 26%), and search (n = 55, 24.3%)
(Table 3). The highest proportion of joint and ligament injuries was observed in dogs
participating in agility (n = 87, 20.2%) (Table 3).

Muscular and joint injuries were proportionally most common in Border Collies (n = 39,
29.3% and n = 35, 26.5%, respectively), while dermatological injuries were most common in
Belgian Malinois and Labrador Retrievers (Table 4). In Table 4, the dogs are stratified and
injury proportions are presented by the most common breeds and type represented in this
study sample.

The most commonly reported injuries in the muscular system were muscle strain
(n = 224) and degenerative tendinopathies (n = 63). In the dermatologic system, wound
(n = 176) was most commonly reported, while in the multiorgan system it was lameness
(n = 168), and in the joint and ligament system, traumatic ligament sprain (n = 90) was
most frequent. In Table 5, the most common types of injury are presented by diagnoses and
corresponding body systems.

3.2. Distribution of Injuries by Anatomical Body Locations

Based on all injuries reported (n = 1499), injuries to the thoracic, lumbar and lum-
bosacral spine, paw (including the pads, digits and nails), head, shoulder, and stifle were
the most commonly reported (Supplementary file, Table S3).

Proportionally, thoracic, lumbar, and lumbosacral spine injuries were more common
in dogs participating in protection; head injuries were more common in messenger dogs,
paw injuries in area search dogs, shoulder injuries in area searching and tracking dogs,
and stifle injuries in agility dogs. With regards to the distribution of injuries among the
most represented breeds and type, back injuries were most common in mixed breeds, head,
paw, and stifle injuries in Labrador Retrievers, and shoulder injuries in Border Collies. The
distribution of injuries categorized by anatomical location and participation in various
sporting and utility trial disciplines is presented in the Supplementary file, Table S3, and by
the most commonly represented breeds and type in the Supplementary file, Table S4.

The most commonly reported injuries in the back were spondylosis and spinal dys-
function not otherwise specified. In the Supplementary file, Table S5, the most common
types of injuries are presented by diagnoses and corresponding anatomical location.

3.3. Injury Proportions in Various Sporting and Utility Trial Disciplines, Breeds, Sex, Neuter
Status, and Age

Wilson 95% confidence intervals and Chi-squared tests were used to describe frequen-
cies and assess for differences in injury proportions in the independent variables.

When all dogs in the sample (n = 1582) were stratified according to participation in
various disciplines, the highest injury proportion was observed amongst messenger dogs
(n = 25, 75.8%). Dogs participating in agility, protection, and area search all showed injury
proportions of 64% (Table 3). Participation in obedience was attributable to the lowest
proportion (57.6%, CI (95%) 54.1–61.0), while rally obedience (58.4%, CI (95%) 54.4–62.3),
agility (63.7%, CI (95%) 59.1–68.1), and utility trial (60.9%, CI (95%) 57.6–64.2) participation
had higher injury proportions (Table 2). In the univariate analysis, there were differences
in frequency distribution in dogs participating in agility (p = 0.013) and in utility trials
(p = 0.050) (Table 2).



Animals 2024, 14, 398 9 of 20

Table 3. Injured body system, by disciplines, in a sample of Swedish sporting and utility trial dogs (n = 1582).

Full Cohort Obedience Rally
Obedience Agility Utility Trials * Protection Tracking Search Messenger

N of injured dogs 928 (58.7) 455 (57.6) 348 (58.4) 274 (63.7) 516 (60.9) 108 (63.9) 403 (60.4) 144 (63.7) 25 (75.8)

Pyramidion
diagnosis system n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Muscular 330 (20.9) 169 (21.4) 125 (20.0) 112 (26.0) 189 (22.3) 45 (26.6) 141 (21.1) 55 (24.3) 11 (33.3)
Joint and ligament 234 (14.8) 114 (14.4) 88(14.8) 87 (20.2) 123 (14.5) 26 (15.4) 94 (14.1) 34 (15.0) 5 (15.2)

Skeletal 144 (9.1) 85 (10.8) 57 (9.6) 29 (6.7) 95 (11.2) 20 (11.8) 82 (12.3) 22 (9.7) 4 (12.1)
Dermatologic 271 (17.1) 131 (16.6) 104 (17.4) 65 (15.1) 155 (18.3) 35 (20.7) 123 (18.4) 53 (23.5) 6 (18.2)

Multiorgan 274 (17.3) 133 (16.8) 119 (20.0) 82 (19.1) 142 (16.8) 24 (14.2) 107 (16.0) 45 (19.9) 6 (18.2)
Ophthalmologic 17 (1.1) 6 (0.8) 6 (1.0) 2 (0.5) 9 (1.1) 1 (0.6) 7 (1.0) 2 (0.9) 1 (3.0)

Nervous 6 (0.4) 4 (0.5) 5 (0.8) 0 (0.0) 4 (0.5) 0 (0.0) 4 (0.6) 0 (0.0) 0 (0.0)
Digestion 44 (2.8) 29 (3.7) 17 (2.9) 7 (1.6) 28 (3.3) 7 (4.1) 24 (3.6) 9 (4.0) 2 (6.1)

* Utility trial disciplines were defined as Swedish Schutzhund, tracking (SWDA), search (SWDA), messenger (SWDA), patrol (SWDA), International Utility Dog trials (tracking,
obedience, protection, search and rescue), International Nordic Style, BH/VT, and mondioring, and were collapsed to one category. SWDA = Swedish Working Dog Association.

Table 4. Injured body system, by breeds and type, in a sample of Swedish sporting and utility trial dogs (n = 1582). Only the most represented breeds (≥50 dogs per
breed) are individually reported.

Full Cohort Australian
Kelpie

Australian
Shepherd Border Collie Belgian

Malinois
German

Shepherd
Labrador
Retriever

Shetland
Sheepdog

Other
Purebreds Mixed Breeds

N of injured dogs 928 (58.7) 40 (52.6) 43 (50) 95 (71.4) 81 (72.9) 115 (56.1) 38 (56.7) 34 (50.7) 450 (56.9) 32 (69.6)

Pyramidion
diagnosis system n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Muscular 330 (20.9) 15 (19.7) 21 (24.4) 39 (29.3) 23 (20.7) 43 (21.0) 11 (16.4) 16 (23.9) 152 (19.2) 10 (21.4)
Joint and ligament 234 (14.8) 9 (11.8) 11 (12.8) 35 (26.5) 19 (17.1) 27 (13.2) 10 (14.9) 11 (16.4) 103 (13.0) 9 (19.6)

Skeletal 144 (9.1) 4 (5.3) 9 (10.5) 7 (5.3) 10 (9.0) 20 (9.8) 6 (9.0) 0 (0.0) 85 (10.7) 3 (6.5)
Dermatologic 271 (17.1) 9 (11.8) 12 (14.0) 24 (18.0) 32 (28.8) 27 (13.2) 19 (28.4) 1 (1.5) 139 (17.6) 8 (17.4)

Multiorgan 274 (17.3) 15 (19.7) 9 (10.5) 32 (24.1) 26 (23.4) 31 (15.1) 10 (14.9) 9 (13.4) 135 (17.1) 7 (15.2)
Ophthalmologic 17 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9) 1 (0.5) 4 (6.0) 0 (0.0) 11 (1.4) 0 (0.0)

Nervous 6 (0.4) 1 (1.3) 1 (1.2) 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 2 (4.3)
Digestion 44 (2.8) 1 (1.3) 6 (7.0) 4 (3.0) 7 (6.3) 6 (2.9) 4 (6.0) 2 (3.0) 13 (1.6) 1 (2.2)
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Table 5. The most commonly reported injuries. Injuries are categorized by diagnosis and correspond-
ing body system according to the Pyramidion diagnosis system. Data are presented in frequencies.

Pyramidion
Diagnosis System Most Common Second Most

Common Third Most Common Fourth Most Common

Muscular Muscle strain. (n = 224)

Metabolic, nutritional,
degenerative/dystrophic
changes. Tendon, tendon

sheath, bursa.
(n = 63)

Muscle Pain. (n = 21) Myositis. (n = 18)

Joint and ligament
Ligament sprain,

traumatic.
(n = 90)

Osteoarthritis. (n = 67) Cruciate Ligament
Rupture. (n = 23)

Osteochondrosis and/or
osteochondrosis dissecans.

(n = 20)

Skeletal Fracture. (n = 60) Spondylosis. (n = 47) Herniated disc.
(n = 28)

Lumbosacral syndrome.
(n = 20)

Dermatologic Wound. (n = 176) Torn nail. (n = 117) Puncture wound.
(n = 25)

Signs of injury or disease
N.O.S. (n = 2)

Multiorgan Lameness. (n = 168) Pain. (n = 44) Spinal dysfunction N.O.S.
(n = 41)

Traumatic injury. N.O.S.
(n = 35)

Ophthalmologic
Traumatic injury, foreign

body, dislocation, thermal
injury. (n = 13)

Traumatic injury, foreign
body, dislocation,

thermal injury.
(n = 5)

N.A. N.A.

Nervous Brain concussion. (n = 2) Fibrocartilaginous embolism.
(n = 2)

Inflammation, infection
(n = 1), Traumatic injury.

Peripheral nerves.
(n = 1)

N.A.

Digestion Traumatic injury. (Tooth
fracture). (n = 41)

Traumatic injury. Oral cavity,
throat, esophagus. (n = 4) N.A. N.A.

N.O.S. = Not Otherwise Specified; N.A. = Not applicable.

There were differences (p < 0.001) in frequency distribution among breeds with regard
to being injured. Amongst the most common breeds in our sample, Belgian Malinois
dogs had the highest injury proportion (72.9%, CI (95%) 64–80.4%), followed by Bor-
der Collies (71.4%, CI (95%) 63.2–78.4), and mixed-breeds (69.6%, CI (95%) 55.2–80.9)
(Tables 2 and 4). The lowest injury proportion was reported in Australian Shepherds (50%,
CI (95%) 39.7–60.3%) (Table 2). The non-overlapping 95% confidence intervals of the
Belgian Malinois and Border Collies, compared to those of the Australian Shepherds, Ger-
man Shepherds, Shetland Sheepdogs, and the group of other purebred dogs, indicated a
difference between these breeds and this group specifically (Table 2).

The frequency distribution in dogs that had been reported with any injury history
varied by sex (p = 0.048) and neuter status (p < 0.001). The variation in sexual status was
attributable to the highest injury proportion among males (61.5%, CI (95%) 57.8–65.0). We
also observed a higher injury proportion among altered dogs (68.5%, CI (95%) 63.7–73.1),
compared to intact dogs (Table 2).

Dogs with a higher lifetime age at the point of entering this study had larger injury pro-
portions (p < 0.001), where the highest injury proportion was observed among dogs >10 years
(79.8%, CI (95%) 70.6–86.7) and the lowest proportion among dogs <1–2 years of age (26.9%,
CI (95%) 18.9–36.7) (Table 2).

3.4. Associations between Independent Variables and Injury History

Multivariate logistic regression analysis was used to analyze the relationship between
participation in various disciplines, i.e., obedience, rally obedience, agility, utility trials, breeds,
sex, neuter status, and lifetime age at the time of the report. We found that holding all other
variables constant, the odds of injury history are 1.9 times higher in Border Collies (p = 0.003,
adjusted OR 1.93, CI (95%) 1.25–2.99) and 2.5 times higher in Belgian Malinois dogs (p < 0.001,
adjusted OR 2.51, CI (95%) 1.54–4.08 (Table 6). The higher the age of the dogs at the time
of the report, the higher the odds of injury history, indicating dogs with higher lifetime age
had more years to accumulate a history of injury (Table 6). Dogs 2–4 years had 1.8 times
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higher adjusted odds of being reported with injury, compared to dogs >10 years old which
had almost 10 times the odds of any injury at that age (Table 6).

Table 6. Results from multivariate logistic regression analysis estimating the relationships between
independent variables with the binary outcome variable, i.e., any injury history, in the full cohort
(n = 1582).

Independent Variable B S.E. p-Value OR 95% CI for OR
Lower Upper

Disciplines
Obedience 0.080 0.117 0.495 1.08 0.862 1.361

Rally obedience 0.038 0.127 0.765 1.04 0.809 1.333
Agility −0.248 0.153 0.106 0.78 0.578 1.054

Utility trial 0.162 0.144 0.263 1.18 0.886 1.559
Breeds and type
Other purebreds REFERENCE <0.001

Mixed breed 0.424 0.351 0.228 1.53 0.767 3.042
Australian Shepherd −0.245 0.258 0.343 0.78 0.472 1.298

Australian Kelpie −0.271 0.247 0.273 0.76 0.470 1.239
Border Collie 0.659 0.222 0.003 1.93 1.250 2.990

Belgian Malinois 0.919 0.248 <0.001 2.51 1.543 4.078
German Shepherd Dog −0.009 0.181 0.961 0.99 0.695 1.413

Labrador Retriever −0.013 0.273 0.963 0.99 0.578 1.687
Shetland Sheepdog −0.206 0.284 0.467 0.81 0.466 1.419

Sex
Male 0.180 0.111 0.106 1.20 0.962 1.488

Neuter status
Neutered/spayed 0.214 0.136 0.117 1.24 0.948 1.617

Age at report
<1–2 years REFERENCE <0.001
2–4 years 0.591 0.266 0.026 1.81 1.072 3.039
4–6 years 1.213 0.264 <0.001 3.36 2.004 5.647
6–8 years 1.749 0.282 <0.001 5.75 3.307 9.991

8–10 years 2.065 0.300 <0.001 7.88 4.382 14.177
<10 years 2.269 0.363 <0.001 9.67 4.746 19.682
Deceased 1.948 0.339 <0.001 7.02 3.614 13.624

Hosmer and Lemeshow test: Chi-squared 9.606, df 8, significance 0.294. CI = confidence intervals, OR = odds
ratio, S.E. = standard error.

3.5. Return to Participation, Competition, and Performance

Due to the reported injury, rehabilitation interventions were provided to 591 (65.7%,
missing n = 29) of the dogs in the injury group. Approximately four out of five (n= 759,
81.8%, missing value n = 48) injured dogs returned to participation in sport-specific training
and three out of four (n = 690, 74.4%, missing value n = 74) dogs returned to competition.
Among the injured dogs, 41 (4.4%) were not able to return to participation and 47 (5.1%)
were not able to return to competition in their previous discipline. In 117 (12.6%) of the
cases, the handler chose to dismiss their dog from competition in the previous discipline.
Following injury, 129 (13.9%) performed at a higher level, 35 (3.8%) at a lower level, and
526 (56.7%) at the same level of competition.

With regards to the educational background of the rehabilitation providers, 279 (29.7%)
of the handlers of dogs in the injury group consulted a registered animal health care
professional, i.e., a registered physiotherapist with continuing education in veterinary
medicine and rehabilitation, veterinarian, or veterinary nurse with continuing education in
physical rehabilitation. A third (n = 325, 35%) were provided services by a non-registered
rehabilitation practitioner, and a few (n = 16, 1.7%) by the dog handler. In 36 (3.9%)
of the injured dogs, the respondent did not know the educational background of the
rehabilitation provider.
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3.6. Sensitivity Analyses

Excluding injury complaints that were not confirmed by a veterinarian decreased
the frequencies and proportions reported in the analysis of involved body systems and
anatomical body locations. The number of injured dogs decreased to 596 (37.7%) and the
number of reported injuries decreased to 871 (58.1%). We observed that the proportions of
reported muscular, dermatological, and unspecified pain conditions decreased when self-
diagnosed injuries were excluded from the analysis (Table 3, Table 4 and Table S6A,B). More
specifically, the proportions of distal limb injuries and unspecified muscular, pain, and
soft tissue injuries, e.g., injuries to the skin, were lower in dogs with veterinary-confirmed
diagnoses (Supplementary File, Tables S4 and S7A,B). The results from the sensitivity
analyses are further presented in Supplementary File, Tables S6A,B and S7A,B.

4. Discussion

This descriptive and correlational study with cross-sectional design provides detailed
insights regarding frequencies and types of lifetime injuries experienced amongst Swedish
sporting and utility trial dogs and identifies important associations between breeds and
injury history.

As hypothesized, there was an association where Border Collies, and also Belgian
Malinois dogs, had higher adjusted odds of injury. We were not surprised to confirm that
our hypothesis that higher lifetime age of the dogs would be associated with injury was
true. A straightforward explanation for that finding is that older dogs have more years to
accumulate injuries. Contrary to our hypothesis, neither participation in obedience, rally
obedience, agility or utility trials, nor altered sexual status were associated with an injury
history. As expected, dogs’ sex was not associated with higher odds of injury.

4.1. Anatomical Injury Locations

The results from our sample suggest that musculoskeletal injuries were common
among competitive dogs. Injuries located on the thoracic, lumbar, and lumbosacral spine,
shoulder, i.e., muscle strain, ligament sprain, and tendinopathies, and stifle, i.e., ligament
injuries and patella luxation, were most common in the present study. Together with injuries
to the head, i.e., tooth fractures and traumatic eye injuries, and distal limb, i.e., wounds,
fractures, ligament sprains, and osteoarthritis, these anatomical locations are in line with
previous studies in agility dogs [24,32]. Interestingly, we observed that the reported
anatomical body locations of the two breeds with the highest injury proportions, Belgian
Malinois dogs and Border Collies, are in line with the breed profiles based on veterinary
care events registered within a pet insurance company [52].

Despite the evidence of the high physical demands dogs are subjected to during
bite tasks in protection work [8], the results in our study indicate that neck injuries are
uncommonly reported and the injury proportion is remarkably low compared to North
American samples of agility dogs [32]. The proportions between countries and geographic
regions already differed, according to a previous study, which supports our findings [32].
According to the respondents in a qualitative study published by our research group,
several factors, e.g., protection work, the interaction between the dog and the handler,
and the safety strategies incorporated by the handler, may serve as barriers or facilitators
to canine health promotion. The protection dogs in our sample of Swedish utility trial
dogs include dogs competing in several bite work classes. The Swedish Schutzhund
class encompasses muzzle tasks, which have been argued as potentially harmful since
the dogs stop the helper by long and short attacks while wearing a muzzle. In practice,
this means that the dog collides with the head and muzzle into the helper. Despite the
biomechanical forces acting upon the dogs during these challenges, the results from our
study do not indicate that concussion or neck injuries are particularly common. However,
concerning the thoracic, lumbar, and lumbosacral spine injuries, dogs participating in
protection had slightly higher injury proportions. We also observed various proportions
of thoracic, lumbar, and lumbosacral spine injuries between the breeds, with the highest
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injury proportion in mixed-breed dogs. According to the Swedish Working Dog Association
national regulations [2], mixed-breed dogs are not allowed to compete in utility trial classes,
except for Internationale Gebrauchshund Pruefung Rettungshunde.

4.2. Return to Participation, Competition, and Performance

Epidemiological studies addressing the return to competition in canine athletes are
scarce and information is still mostly anecdotal. Compared to competitive agility dogs
with stifle injury and subsequent surgery [39], a higher proportion of dogs returned to
sport-specific participation and competition in our study. This was expected since various
types of injuries were included in our study. In addition, an important proportion of
injuries reported in our sample of dogs were minor, e.g., superficial skin wounds and
broken nails, and according to sensitivity analyses, these injuries did not receive medical
attention other than from the dog handler. Stifle injuries are considered more severe and
with worse prognosis for return to competition [38]. Spinella et al. [31] recently described
that in a large proportion of reported injury complaints in their sample of active working
dogs, the signs of injury never recurred. The proportions of dogs returning to participation,
competition, or level of performance were not specifically described in their study sample,
which otherwise seemed similar to ours.

4.3. Injury Frequencies and Proportion

In agreement with another study in Scandinavian agility dogs [32], our survey in-
cluded sporting and utility trial dogs obtaining any injury, not only injuries directly appear-
ing during sports activity, and dog handlers’ self-diagnosed injuries over the lifetime of
their dog. This may lead to higher injury proportions compared to studies targeting only
sports-related injuries appearing directly during sports activity [24].

With regard to the dog handlers independently self-diagnosing injuries in their dogs,
our results are in line with proportions reported by Spinella et al. [31]. In about one-
fifth of the cases, the dog handler managed the injury without medical attention from
a veterinarian. According to the sensitivity analysis conducted in our study, the dog
handlers mainly managed muscular and dermatological injuries through self-diagnosis
and self-care. Unspecified pain conditions, together with muscular and dermatological
injuries, were perceived in a remarkably large proportion of the dogs without having a
veterinary pathoanatomical diagnosis reported by the dog handler. In our sample, 38%
of the dogs had pathoanatomical diagnoses confirmed by a veterinarian. One previous
study in a Finnish sample [24] reported a similar proportion, whereas in North American
samples [33,35], the proportion of dogs that sought medical attention from a veterinarian
was higher. The characteristics of the injuries managed by the dog handlers themselves
indicate that some are minor injuries heal well from the attention and care by the dog
handler. The reason for not seeking medical attention for sporting and utility dogs with
unspecified pain conditions is unknown. It is the authors’ experience that subtle signs of
pain are challenging to interpret. Further, they may potentially go unnoticed by the dog
handler in high-drive dogs [53]. In our study, it appeared that dog handlers noticed and
reported signs of pain without taking their dog to a veterinarian. The dogs were possibly
provided regular assessments and re-evaluations by animal health care professionals other
than veterinarians, as previously described in agility dogs [24,27]. Other explanations why
handlers do not consult a veterinarian with their dog may be that they have self-efficacy
or are experienced enough to provide self-care to their dog suffering from a minor injury,
or the financial costs related to veterinary consultations may cause the owner to delay
veterinary consultation.

4.4. Onset of Injury

Injuries in our sample sometimes appeared alongside sport-specific training or compe-
tition. Still, a fourth of the dogs were injured during or following sport-specific training,
and a lower proportion of dogs appeared injured during or following competition or trial.
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We have previously reported on dog handlers’ beliefs with regard to competitive tasks [29].
Tasks that were considered barriers to canine health by the dog handlers’ and potentially
harmful for the dogs were crawling, staying in a group with other dogs, protection work,
high ladder, heavy retrieving, jumping obstacles, and gun shots. Interestingly, the most
commonly reported settings at the onset of injury were activity in the forest, injury ap-
pearing as a result of slipping, or during play with another dog or another way of playing,
e.g., with a human. Regardless, slightly more than a fourth of the dogs sustained an injury
in conjunction with sport-specific training and/or competition, which highlights the im-
portance of an in-depth anamnesis regarding which other physically demanding activities
sporting and utility trial dogs are executing in addition to their competitive discipline. As
previously reported, many competitive dogs are active in several disciplines and may as
well execute activities such as, e.g., canicross, bikejoring, or skijoring, or perform as herding
or hunting dogs [47].

No matter if dogs are being kept as companion pets, or are being trained towards or
already are participating in sports or utility trials, dog owners and handlers need to account
for all types of physical activities in order to implement and facilitate functional recovery
in their dogs. The injuries reported here were defined as injuries regardless of being an
acute or acute-on-chronic injury, and therefore other activities than sport-specific training
or competition might have caused both instant major acute trauma and minor repetitive
tissue trauma over time in this sample of sporting and utility dogs. It was not within the
scope of this study to assess for differences in injury proportions and relationships between
competitive and companion dogs, e.g., of the same breed.

Therefore, the authors want to highlight that there are several reported onsets of injury
that are situations for organizers of canine sporting events and utility trials to consider as
potential triggers to injury. Onsets of injury appearing in the forest and slipping, possibly as a
result of a combination of high speed and reduced surface friction, might be prevented to a
higher extent when the causes are brought to the attention of the responsible organizers.

4.5. Associations between Injury History and Discipline, Breed, Sexual Status, and Age

To the authors’ knowledge, this study is the first to assess factors associated with
injuries in competitive utility trial dogs. Since we have observed that Swedish sporting and
utility trial dogs often participate in several disciplines, and according to our experience,
some disciplines encompass similar tasks, e.g., Swedish Schutzhund involves tracking and
searching tasks in the superior class, we were aware of the importance of capturing a broad
sample. The prior literature on agility dogs indicated that there was no association between
participation in several disciplines and injury appearing during training or competition [43].
We have previously reported that about half of the dogs in our sample concurrently
participate in several competitive disciplines [47]. In this study, we estimated the potential
relationships between injury history and participation in obedience, rally obedience, agility,
and several utility disciplines collapsed into one. In order to obtain meaningful results
with regard to the exposure from disciplines, we added them separately to a multivariate
model. Controlling for all exposure variables, the findings indicate that there were no
relationships between injury history and participation in any of the disciplines investigated.
The explanation for this can be that dogs in our sample participated in several disciplines
and were active in other physically demanding activities [47]. Unfortunately, we could not
control for the latter since all physical activity data were obtained at the same point in time,
i.e., cross-sectional, and we cannot know from this study if combinations of participation in
disciplines or certain physical activity patterns antedate a history of injury.

In line with previous studies [32,40,41,54], we first confirmed higher injury proportions
among Border Collies and Belgian Malinois dogs among the most common individual
breeds and type of the dogs in our sample. Following adjusting for the exposure from
other variables, Border Collies and Belgian Malinois dogs were associated with higher
odds of injury history. These breeds being common in agility, obedience, and utility trial
disciplines may lead to confounding effects on the results reported here. Nevertheless,
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another explanation for our findings is the combination of traits found in these breeds, e.g.,
boldness, intensity, speed, and task orientation, characteristics that may cause these dogs
to expose themselves to and take greater risks during sport-specific activities and other
physical activities.

In a previous study published by our research group, we observed that in contrast to
studies on flyball and agility dogs, 77% of the dogs in our sample were sexually intact. The
numbers are close to the opposite compared to the American samples [32,49]. Intact sexual
status serving as a protective or risk factor has been elaborated on in other studies [34,44,45].
Potentially, the removal of the gonads and disruption of gonadal hormones is responsible
for biological changes. In human athletes, there is a growing body of knowledge regarding
the important role of female hormones on biological changes, athletic achievement, and
injury risks [55]. The risk of certain injuries, e.g., anterior cruciate ligament tear, has been
correlated with phases of the menstrual cycle and corresponding hormonal milieus [56].
Before controlling for the other exposure variables, we observed that altered dogs had a
higher injury proportion compared to intact dogs in our sample. An important finding
was that according to the multivariate analysis controlling for the effects of all independent
variables, altered sexual status did not fall out as a risk factor for injury per the definition
used in this study. In the sensitivity analyses, we found that a considerable proportion
of the self-diagnosed injuries were minor, e.g., skin wounds and torn nails. The minor
injuries are, according to the authors, less likely to be affected by biological changes related
to altered sexual status, and they may potentially have influenced our results about neuter
status. Research providing further insights on the relationships between various factors,
e.g., nutrition, disruption of the canine hormone cycles, and injuries in sporting and utility
dogs, are therefore still needed.

Our multivariate analysis captured that dogs at higher age at the time of reporting to
this study had more years to accumulate a history of injury. As expected, the increasing
injury proportion with higher age was significantly associated with any injury history
sustained by the dog. This finding corresponds well with the results from other studies
in agility dogs [28,34,40,43], and working utility dogs [41]. Due to the method of data
collection used in this study, we do not know whether older dogs are actually more injury
prone than younger dogs. Older dogs accumulate a history of injury during their lifetime
and longitudinal epidemiological studies are needed to explore the incidence of injuries.

4.6. Strengths and Limitations

A strength of this study is that we targeted a broad distribution of injuries in sporting
and utility trial dogs, from any injury complaint based on self-diagnosis to injuries that
lead to medical attention confirmed by a veterinarian. We conducted sensitivity analyses
to strengthen the internal validity of this study, and as a result, this study is reporting on
any complaints in the full cross-sectional cohort and cases with medical attention from the
sensitivity analyses in the Supplementary file.

We have also described time loss in injured dogs as the dogs being unable to participate
in sport-specific training due to injury. In addition, we have described the return to
participation, competition, and performance from dog handler-reported data [57,58].

In line with Bahr et al., we defined injury as tissue damage or other derangement of
normal physical function, regardless of the presentation being sudden or gradual, from an
acute or acute-on-chronic mode of onset [57]. We chose this definition regarding mode of
onset since our experience is that many degenerative musculoskeletal conditions appear
with a sudden onset to the dog handler, although all injuries are not acute. Instead, injuries
sometimes present with a sudden onset, or from a repetitive etiology.

Another strength is that our survey approach made it possible to reach out to dogs
participating in several sporting and utility trial disciplines covered by the main organiza-
tion, the Swedish Kennel Club. In this way, we obtained a large amount of data, collected
over a specific period.
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Our results provide valuable insights on frequencies and types of injuries and mus-
culoskeletal conditions in Swedish sporting and utility dogs, and our findings contribute
to theories on how to further develop injury prevention strategies involving stakeholders,
i.e., dog handlers, trainers, breeders, judges, organizers of competitions, animal health care
professionals. Canine welfare may be facilitated by continuously refining the guidelines
and regulations, and continuing to provide dog handler education, e.g., on breeding and
various aspects of canine health and soundness implied from the findings in this study.

The limitations of this study are that participation was anonymous and it did not collect
any demographic information about the dog handlers, or about their experience as dog han-
dlers or dog trainers. Further, with self-reported data, there is a risk of sampling, confirmation,
and recall bias, which are well-known challenges in questionnaire surveys [59,60]. In this
study, we observed the presence of lifetime injuries, hence the respondents did not provide
answers to at which age the injuries appeared.

The authors want to emphasize that no hypothesis testing was performed between
disciplines or breeds and type of dog, and anatomical locations or body systems of the
injuries reported here. A reason for this is the low numbers in the contingency tables for
some of the anatomical body locations and body systems. A larger sample representing each
of the disciplines and breeds is required to estimate differences or associations related to
disciplines or breeds and injury locations. On the other hand, we have reported differences
and associations between self-reported injury history and several exposure variables that
antedated injury history.

Physical activity patterns have previously been reported in the same sample. It would
have been interesting to explore associations between physical activity patterns and injury
history. Unfortunately, such analyses were not feasible with this cross-sectional study
design since it would not be possible to conclude whether the injury outcome preceded
or was caused by physical activity characteristics. The design of this study, and several
other epidemiological cross-sectional studies in sporting dogs, entails limitations when it
comes to retrospective analysis of the risk of and protective factors to injury. The authors
needed to aim for characteristics that antedated the outcome of injury history. The findings
should be interpreted with caution, given that several exposures were not accounted for.
Thus, the authors want to highlight the need for longitudinal epidemiological studies in
canine sports and performance medicine, e.g., to appropriately assess for differences in
injury proportions amongst competitive and companion dogs of the same breed.

5. Conclusions

In conclusion, we observed differences in reported injury proportion with regard to
participation in agility and utility trials, breeds and type, sex, altered sexual status, and
dogs’ age at the time of entering the study. Controlling for all exposure variables in our
model, associations between injury history and Border Collies and Belgian Shepherds, and
dogs with increasing lifetime age remained and indicated higher odds of self-reported
injury history. Four out of five injured dogs returned to participation in sport-specific
training and three out of four returned to competition. Estimations of injury proportions
were sensitive to the injury complaint being self-diagnosed or confirmed by a veterinarian.
Our results provide valuable insights on frequencies and types of injuries in sporting
and utility dogs and contribute to theories on how to further develop injury prevention
strategies involving, e.g., management routines and breeding, that potentially enhance
canine welfare.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ani14030398/s1, Table S1. Items and variables regarding demographics
and health history targeting characteristics of injury complaints, onset of injury, return to sport-
specific activity and physical rehabilitation services in an online questionnaire survey targeting
Swedish sporting and utility dogs (n = 1582). Table S2. Onset of injury complaints reported in a
sample of Swedish sporting and utility trial dogs (n = 1582). There were 928 dogs in the injury group.
Data are presented in frequencies and proportions (%). Table S3. Injured anatomical body location,

https://www.mdpi.com/article/10.3390/ani14030398/s1
https://www.mdpi.com/article/10.3390/ani14030398/s1
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by disciplines, in a sample of Swedish sporting and utility trial dogs (n = 1582). Table S4. Injured
anatomical body location, by individual breeds and type, in a sample of Swedish sporting and utility
trial dogs (n = 1582). Table S5. The most commonly reported anatomical body locations amongst all
reported injury complaints (n = 1499), in sample of sporting and utility trial dogs (n = 1582). Table S6A.
Injured body system, by disciplines, in a sample of Swedish sporting and utility trial dogs (n = 1582)
following sensitivity analysis excluding self-diagnosed injuries. Table S6B. Injured body system, by
individual breeds and type, in a sample of Swedish sporting and utility trial dogs (n = 1582) following
a sensitivity analysis excluding self-diagnosed injuries. Table S7A. Injured anatomical location, by
disciplines, in a sample of Swedish sporting and utility trial dogs (n = 1582) following sensitivity
analysis excluding self-diagnosed injuries. Table S7B. Injured anatomical location, by individual
breeds and type, in a sample of Swedish sporting and utility trial dogs (n = 1582) following sensitivity
analysis excluding self-diagnosed injuries.
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A.E.; review and editing, A.E., C.K., A.L.H. and H.I.; visualization, A.E., A.L.H. and H.I.; project
administration, A.E. and H.I.; funding acquisition, A.E. and H.I. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the AGRIA and Swedish Kennel Club joint research fund
(Grant number N2019-0020), and by Djurskyddet Djurvännerna Stockholm, a non-profit association
whose purpose is to work for animal protection and animal welfare. The article processing charges
were funded by IVC Evidensia, via the Group Veterinary Medical Board Research Fund.

Institutional Review Board Statement: In accordance with the national animal ethical guidelines
provided by the Swedish codes of statutes: SFS 2018:1192 and SJVFS 2019:9, this observational
study was waived from the requirement of animal ethical review and approval since it involves
non-experimental animals (privately owned dogs). The participants were informed about the content
and purpose of the study, that responding was entirely voluntary, and that all data were anonymous.
Respondents provided informed consent for their dogs to participate when they chose to proceed and
submit the anonymous electronic questionnaire. Written informed consent was obtained from the
owners for the participation of their animals in this study. This study was conducted in accordance
with the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all human respondents involved
in this study. The human subjects were not identifiable, since no personal or sensitive information
was obtained and the electronic questionnaire was anonymous.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors, upon reasonable request.

Acknowledgments: We wish to thank the funders of this project and the dog handlers who par-
ticipated in this study. Special thanks to John Örvill, for interesting discussions, and to Mona-Lisa
Wernroth at Uppsala Clinical Research Center, for your encouragement with the statistical analyses.

Conflicts of Interest: Author A.E. was employed by Djurkliniken Gefle IVC Evidensia. Authors A.L.H.
and C.K. were self-employed at EmpowerPhysio and Veterinär Catarina Kjellerstedt, respectively.
The remaining author H.I. declares that the research was conducted in the absence of any commercial
or financial relationships that could be construed as a potential conflict of interest. The funders had
no role in the design of this study; in the collection, analyses, or interpretation of data; in the writing
of the manuscript; or in the decision to publish the results.

References
1. Zink, M.C.; Dyke, J.B.V. Canine Sports Medicine and Rehabilitation, 1st ed.; Wiley-Blackwell: Hobroken, NJ, USA, 2013;

ISBN 978-0-8138-1216-8.
2. Swedish Working Dog Association. Regler Bruksprov—Svenska Brukshundklubben. Available online: https://brukshundklubben.

se/prov-tavling/regler/regler-bruksprov/ (accessed on 25 November 2023).
3. Utility Dogs. Fédération Cynologique Internationale. Available online: https://www.fci.be/en/Utility-Dogs-58.html (accessed

on 27 October 2023).

https://brukshundklubben.se/prov-tavling/regler/regler-bruksprov/
https://brukshundklubben.se/prov-tavling/regler/regler-bruksprov/
https://www.fci.be/en/Utility-Dogs-58.html


Animals 2024, 14, 398 18 of 20

4. Agility. Fédération Cynologique Internationale. Available online: http://www.fci.be/en/Agility-45.html (accessed on
26 September 2021).

5. Obedience. Fédération Cynologique Internationale. Available online: http://www.fci.be/en/Obedience-46.html (accessed on
17 May 2021).

6. Bockstahler, B.A.; Vobornik, A.; Müller, M.; Peham, C. Compensatory load redistribution in naturally occurring osteoarthritis
of the elbow joint and induced weight-bearing lameness of the forelimbs compared with clinically sound dogs. Vet. J. 2009,
180, 202–212. [CrossRef]

7. Söhnel, K.; Andrada, E.; de Lussanet, M.H.E.; Wagner, H.; Fischer, M.S.; Rode, C. Single limb dynamics of jumping turns in dogs.
Res. Vet. Sci. 2021, 140, 69–78. [CrossRef]

8. Hyytiäinen, H.K.; Blomvall, L.; Hautala, M.; Lappalainen, A.K. Reliability of a New Bite Force Measure and Biomechanics of
Modified Long Attack in Police Dogs. Animals 2021, 11, 874. [CrossRef] [PubMed]

9. Diverio, S.; Barbato, O.; Cavallina, R.; Guelfi, G.; Iaboni, M.; Zasso, R.; Di Mari, W.; Santoro, M.M.; Knowles, T.G. A simulated
avalanche search and rescue mission induces temporary physiological and behavioural changes in military dogs. Physiol. Behav.
2016, 163, 193–202. [CrossRef] [PubMed]

10. Rovira, S.; Munoz, A.; Benito, M. Effect of exercise on physiological, blood and endocrine parameters in search and rescue-trained
dogs. Vet. Med. 2008, 53, 333–346. [CrossRef]

11. Spoo, J.W.; Zoran, D.L.; Downey, R.L.; Bischoff, K.; Wakshlag, J.J. Serum biochemical, blood gas and antioxidant status in search
and rescue dogs before and after simulated fieldwork. Vet. J. 2015, 206, 47–53. [CrossRef] [PubMed]

12. Bockstahler, B.; Levine, D.; Maierl, J.; Millis, D.; Wittek, K. Essential Facts of Physical Medicine, Rehabilitation and Sports Medicine in
Companion Animals, 1st ed.; VBS GmbH: Babenhausen, Germany, 2019.

13. Svartberg, K. Breed-typical behaviour in dogs—Historical remnants or recent constructs? Appl. Anim. Behav. Sci. 2006, 96, 293–313.
[CrossRef]

14. Wilsson, E.; Sinn, D.L. Are there differences between behavioral measurement methods? A comparison of the predictive validity
of two ratings methods in a working dog program. Appl. Anim. Behav. Sci. 2012, 141, 158–172. [CrossRef]

15. Svartberg, K. Shyness–boldness predicts performance in working dogs. Appl. Anim. Behav. Sci. 2002, 79, 157–174. [CrossRef]
16. Svartberg, K. A comparison of behaviour in test and in everyday life: Evidence of three consistent boldness-related personality

traits in dogs. Appl. Anim. Behav. Sci. 2005, 91, 103–128. [CrossRef]
17. Svartberg, K. The hierarchical structure of dog personality in a new behavioural assessment: A validation approach. Appl. Anim.

Behav. Sci. 2021, 238, 105302. [CrossRef]
18. Svartberg, K.; Forkman, B. Personality traits in the domestic dog (Canis familiaris). Appl. Anim. Behav. Sci. 2002, 79, 133–155. [CrossRef]
19. Svartberg, K. A possible basis for personality in dogs: Individual differences in affective predispositions. Appl. Anim. Behav. Sci.

2022, 255, 105740. [CrossRef]
20. Otto, C.M.; Hare, E.; Nord, J.L.; Palermo, S.M.; Kelsey, K.M.; Darling, T.A.; Schmidt, K.; Coleman, D. Evaluation of Three

Hydration Strategies in Detection Dogs Working in a Hot Environment. Front. Vet. Sci. 2017, 4, 174. [CrossRef] [PubMed]
21. Eicher, L.D.; Markley, A.P.; Shoben, A.; Sundby, A.E.; Kieves, N.R. Evaluation of Variability in Gait Styles Used by Dogs

Completing Weave Poles in Agility Competition and Its Effect on Completion of the Obstacle. Front. Vet. Sci. 2021, 8, 761493.
[CrossRef] [PubMed]

22. Harris, H.; Birch, E.; Boyd, J. An examination of neck angle in obedience dogs whilst completing competition heelwork. Comp.
Exerc. Physiol. 2017, 13, 31–36. [CrossRef]

23. Davis, M.S.; Marcellin-Little, D.J.; O’Connor, E. Comparison of Postexercise Cooling Methods in Working Dogs. J. Spec. Oper.
Med. Peer Rev. J. SOF Med. Prof. 2019, 19, 56–60. [CrossRef] [PubMed]

24. Inkilä, L.; Hyytiäinen, H.K.; Hielm-Björkman, A.; Junnila, J.; Bergh, A.; Boström, A. Part II of Finnish Agility Dog Survey:
Agility-Related Injuries and Risk Factors for Injury in Competition-Level Agility Dogs. Animals 2022, 12, 227. [CrossRef]

25. Sellon, D.C.; Marcellin-Little, D.J.; McFarlane, D.; McCue, M.; Pechette Markley, A.; Shoben, A. Adverse health events and
recommended health research priorities in agility dogs as reported by dog owners. Front. Vet. Sci. 2023, 10, 1127632. [CrossRef]

26. Wakshlag, J.; Shmalberg, J. Nutrition for working and service dogs. Vet. Clin. N. Am. Small Anim. Pract. 2014, 44, 719–740. [CrossRef]
27. Cullen, K.L.; Dickey, J.P.; Bent, L.R.; Thomason, J.J.; Moëns, N.M.M. Survey-based analysis of risk factors for injury among dogs

participating in agility training and competition events. J. Am. Vet. Med. Assoc. 2013, 243, 1019–1024. [CrossRef]
28. Pechette Markley, A.; Shoben, A.B.; Kieves, N.R. Internet Survey of Risk Factors Associated With Training and Competition in

Dogs Competing in Agility Competitions. Front. Vet. Sci. 2022, 8, 791617. [CrossRef]
29. Essner, A.; Kjellerstedt, C.; Hesbach, A.L.; Svensson, K.; Igelström, H. Dog Handler Beliefs regarding Barriers and Facilitators to

Canine Health Promotion and Injury Prevention in Swedish Working Dog Trials and Competitions. Vet. Sci. 2022, 9, 242. [CrossRef]
30. Hall, N.J.; Johnston, A.M.; Bray, E.E.; Otto, C.M.; MacLean, E.L.; Udell, M.A.R. Working Dog Training for the Twenty-First

Century. Front. Vet. Sci. 2021, 8, 646022. [CrossRef]
31. Spinella, G.; Valentini, S.; Lopedote, M. Internet-Based Survey on Physical Activity and Incidence of Injury in Active Working

Dogs. Animals 2023, 13, 1647. [CrossRef]
32. Pechette Markley, A.; Shoben, A.B.; Kieves, N.R. Internet-based survey of the frequency and types of orthopedic conditions and

injuries experienced by dogs competing in agility. J. Am. Vet. Med. Assoc. 2021, 259, 1001–1008. [CrossRef]

http://www.fci.be/en/Agility-45.html
http://www.fci.be/en/Obedience-46.html
https://doi.org/10.1016/j.tvjl.2007.12.025
https://doi.org/10.1016/j.rvsc.2021.08.003
https://doi.org/10.3390/ani11030874
https://www.ncbi.nlm.nih.gov/pubmed/33803865
https://doi.org/10.1016/j.physbeh.2016.05.006
https://www.ncbi.nlm.nih.gov/pubmed/27174611
https://doi.org/10.17221/1860-VETMED
https://doi.org/10.1016/j.tvjl.2015.07.002
https://www.ncbi.nlm.nih.gov/pubmed/26228710
https://doi.org/10.1016/j.applanim.2005.06.014
https://doi.org/10.1016/j.applanim.2012.08.012
https://doi.org/10.1016/S0168-1591(02)00120-X
https://doi.org/10.1016/j.applanim.2004.08.030
https://doi.org/10.1016/j.applanim.2021.105302
https://doi.org/10.1016/S0168-1591(02)00121-1
https://doi.org/10.1016/j.applanim.2022.105740
https://doi.org/10.3389/fvets.2017.00174
https://www.ncbi.nlm.nih.gov/pubmed/29124059
https://doi.org/10.3389/fvets.2021.761493
https://www.ncbi.nlm.nih.gov/pubmed/34869735
https://doi.org/10.3920/CEP160023
https://doi.org/10.55460/2ATZ-TMQ7
https://www.ncbi.nlm.nih.gov/pubmed/30859528
https://doi.org/10.3390/ani12030227
https://doi.org/10.3389/fvets.2023.1127632
https://doi.org/10.1016/j.cvsm.2014.03.008
https://doi.org/10.2460/javma.243.7.1019
https://doi.org/10.3389/fvets.2021.791617
https://doi.org/10.3390/vetsci9050242
https://doi.org/10.3389/fvets.2021.646022
https://doi.org/10.3390/ani13101647
https://doi.org/10.2460/javma.259.9.1001


Animals 2024, 14, 398 19 of 20

33. Levy, M.; Hall, C.; Trentacosta, N.; Percival, M. A preliminary retrospective survey of injuries occurring in dogs participating in
canine agility. Vet. Comp. Orthop. Traumatol. VCOT 2009, 22, 321–324. [PubMed]

34. Evanow, J.A.; VanDeventer, G.; Dinallo, G.; Mann, S.; Frye, C.W.; Wakshlag, J.J. Internet Survey of Participant Demographics and
Risk Factors for Injury in Competitive Agility Dogs. VCOT Open 2021, 04, e92–e98. [CrossRef]

35. Cullen, K.L.; Dickey, J.P.; Bent, L.R.; Thomason, J.J.; Moëns, N.M.M. Internet-based survey of the nature and perceived causes of injury
to dogs participating in agility training and competition events. J. Am. Vet. Med. Assoc. 2013, 243, 1010–1018. [CrossRef] [PubMed]

36. Ardern, C.L.; Glasgow, P.; Schneiders, A.; Witvrouw, E.; Clarsen, B.; Cools, A.; Gojanovic, B.; Griffin, S.; Khan, K.M.; Moksnes, H.;
et al. 2016 Consensus statement on return to sport from the First World Congress in Sports Physical Therapy, Bern. Br. J. Sports
Med. 2016, 50, 853–864. [CrossRef] [PubMed]

37. Ramos, M.T.; Farr, B.D.; Otto, C.M. Rehabilitation to Return-to-Work for Working Dogs. Vet. Clin. N. Am. Small Anim. Pract. 2023,
53, 869–878. [CrossRef] [PubMed]

38. Tomlinson, J.E.; Manfredi, J.M. Return to Sport after Injury: A Web-Based Survey of Owners and Handlers of Agility Dogs. Vet.
Comp. Orthop. Traumatol. VCOT 2018, 31, 473–478. [PubMed]

39. Heidorn, S.N.; Canapp, S.O.; Zink, C.M.; Leasure, C.S.; Carr, B.J. Rate of return to agility competition for dogs with cranial cruciate
ligament tears treated with tibial plateau leveling osteotomy. J. Am. Vet. Med. Assoc. 2018, 253, 1439–1444. [CrossRef] [PubMed]

40. Sundby, A.E.; Pechette Markley, A.; Shoben, A.B.; Kieves, N.R. Internet Survey Evaluation of Demographic Risk Factors for Injury
in Canine Agility Athletes. Front. Vet. Sci. 2022, 9, 869702. [CrossRef]

41. Mey, W.; Schuh-Renner, A.; Anderson, M.K.; Stevenson-LaMartina, H.; Grier, T. Risk factors for injury among military working
dogs deployed to Iraq. Prev. Vet. Med. 2020, 176, 104911. [CrossRef]

42. Bilyard, K.R.; Mullaney, S.B.; Henry, T.J. Prevalence and etiology of dentoalveolar trauma in 1,592 United States military working
dogs: A 1-year retrospective study. Front. Vet. Sci. 2023, 9, 1102424. [CrossRef]

43. Jimenez, I.A.; Canapp, S.O.; Percival, M.L. Internet-based survey evaluating the impact of ground substrate on injury and
performance in canine agility athletes. Front. Vet. Sci. 2022, 9, 1561. [CrossRef]

44. Hart, B.L.; Hart, L.A.; Thigpen, A.P.; Willits, N.H. Assisting Decision-Making on Age of Neutering for 35 Breeds of Dogs:
Associated Joint Disorders, Cancers, and Urinary Incontinence. Front. Vet. Sci. 2020, 7, 388. [CrossRef]

45. Sellon, D.C.; Marcellin-Little, D.J. Risk factors for cranial cruciate ligament rupture in dogs participating in canine agility. BMC
Vet. Res. 2022, 18, 39. [CrossRef]

46. Inkilä, L.; Hyytiäinen, H.K.; Hielm-Björkman, A.; Junnila, J.; Bergh, A.; Boström, A. Part I of Finnish Agility Dog Survey: Training
and Management of Competition-Level Agility Dogs. Animals 2022, 12, 212. [CrossRef]

47. Essner, A.; Hesbach, A.L.; Igelström, H.; Kjellerstedt, C.; Svensson, K.; Westerlind, H. Physical activity and sport-specific training
patterns in Swedish sporting and working trial dogs—A questionnaire survey. Front. Vet. Sci. 2022, 9, 976000. [CrossRef] [PubMed]

48. Kerr, Z.Y.; Fields, S.; Comstock, R.D. Epidemiology of injury among handlers and dogs competing in the sport of agility. J. Phys.
Act. Health 2014, 11, 1032–1040. [CrossRef] [PubMed]

49. Montalbano, C.; Gamble, L.-J.; Walden, K.; Rouse, J.; Mann, S.; Sack, D.; Wakshlag, L.G.; Shmalberg, J.W.; Wakshlag, J.J. Internet
Survey of Participant Demographics and Risk Factors for Injury in Flyball Dogs. Front. Vet. Sci. 2019, 6, 391. [CrossRef] [PubMed]

50. Diagnosregistret Pyramidion. Available online: https://www.grona.org/svensk-djursjukvard/diagnosregistret-pyramidion/
(accessed on 24 November 2023).

51. Epitools Epidemiological Calculators. Epitools—Calculate Confidence Limits for a Sample Proportion. Ausvet. Available online:
https://epitools.ausvet.com.au/ciproportion (accessed on 5 January 2024).

52. Breeds with Swedish Insurance Data. DogWellNet. Available online: https://dogwellnet.com/breeds/additional-breed-
resources/breeds-with-swedish-insurance-data-r111/ (accessed on 5 November 2023).

53. Ramos, M.T.; Farr, B.D.; Otto, C.M. Sports Medicine and Rehabilitation in Working Dogs. Vet. Clin. N. Am. Small Anim. Pract.
2021, 51, 859–876. [CrossRef]

54. Sellon, D.C.; Martucci, K.; Wenz, J.R.; Marcellin-Little, D.J.; Powers, M.; Cullen, K.L. A survey of risk factors for digit injuries
among dogs training and competing in agility events. J. Am. Vet. Med. Assoc. 2018, 252, 75–83. [CrossRef]

55. Legerlotz, K.; Nobis, T. Insights in the Effect of Fluctuating Female Hormones on Injury Risk—Challenge and Chance. Front.
Physiol. 2022, 13, 827726. [CrossRef]

56. Holtzman, B.; Ackerman, K.E. Hypothalamic–pituitary–gonadal axis in women’s sport: Injuries, manipulations, and aberrations.
Curr. Opin. Endocr. Metab. Res. 2019, 9, 78–85. [CrossRef]

57. Bahr, R.; Clarsen, B.; Derman, W.; Dvorak, J.; Emery, C.A.; Finch, C.F.; Hägglund, M.; Junge, A.; Kemp, S.; Khan, K.M.; et al.
International Olympic Committee consensus statement: Methods for recording and reporting of epidemiological data on injury
and illness in sport 2020 (including STROBE Extension for Sport Injury and Illness Surveillance (STROBE-SIIS)). Br. J. Sports Med.
2020, 54, 372–389. [CrossRef]

58. Clarsen, B.; Bahr, R. Matching the choice of injury/illness definition to study setting, purpose and design: One size does not fit
all! Br. J. Sports Med. 2014, 48, 510–512. [CrossRef]

https://www.ncbi.nlm.nih.gov/pubmed/19597633
https://doi.org/10.1055/s-0041-1735843
https://doi.org/10.2460/javma.243.7.1010
https://www.ncbi.nlm.nih.gov/pubmed/24050568
https://doi.org/10.1136/bjsports-2016-096278
https://www.ncbi.nlm.nih.gov/pubmed/27226389
https://doi.org/10.1016/j.cvsm.2023.02.014
https://www.ncbi.nlm.nih.gov/pubmed/36964026
https://www.ncbi.nlm.nih.gov/pubmed/30347413
https://doi.org/10.2460/javma.253.11.1439
https://www.ncbi.nlm.nih.gov/pubmed/30451626
https://doi.org/10.3389/fvets.2022.869702
https://doi.org/10.1016/j.prevetmed.2020.104911
https://doi.org/10.3389/fvets.2022.1102424
https://doi.org/10.3389/fvets.2022.1025331
https://doi.org/10.3389/fvets.2020.00388
https://doi.org/10.1186/s12917-022-03146-2
https://doi.org/10.3390/ani12020212
https://doi.org/10.3389/fvets.2022.976000
https://www.ncbi.nlm.nih.gov/pubmed/36387412
https://doi.org/10.1123/jpah.2012-0236
https://www.ncbi.nlm.nih.gov/pubmed/23799256
https://doi.org/10.3389/fvets.2019.00391
https://www.ncbi.nlm.nih.gov/pubmed/31799280
https://www.grona.org/svensk-djursjukvard/diagnosregistret-pyramidion/
https://epitools.ausvet.com.au/ciproportion
https://dogwellnet.com/breeds/additional-breed-resources/breeds-with-swedish-insurance-data-r111/
https://dogwellnet.com/breeds/additional-breed-resources/breeds-with-swedish-insurance-data-r111/
https://doi.org/10.1016/j.cvsm.2021.04.005
https://doi.org/10.2460/javma.252.1.75
https://doi.org/10.3389/fphys.2022.827726
https://doi.org/10.1016/j.coemr.2019.08.003
https://doi.org/10.1136/bjsports-2019-101969
https://doi.org/10.1136/bjsports-2013-093297


Animals 2024, 14, 398 20 of 20

59. Kazdin, A.E. Research Design in Clinical Psychology, 5th ed.; Pearson: Boston, MA, USA, 2016; ISBN 978-0-205-99208-9.
60. Fenner, K.; Hyde, M.; Crean, A.; McGreevy, P. Identifying Sources of Potential Bias When Using Online Survey Data to Explore

Horse Training, Management, and Behaviour: A Systematic Literature Review. Vet. Sci. 2020, 7, 140. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/vetsci7030140

	Introduction 
	Materials and Methods 
	Study Design 
	Dogs and Data Collection 
	Definition of Injuries 
	Statistical Methods 

	Results 
	Distribution of Injuries According to Body Systems 
	Distribution of Injuries by Anatomical Body Locations 
	Injury Proportions in Various Sporting and Utility Trial Disciplines, Breeds, Sex, Neuter Status, and Age 
	Associations between Independent Variables and Injury History 
	Return to Participation, Competition, and Performance 
	Sensitivity Analyses 

	Discussion 
	Anatomical Injury Locations 
	Return to Participation, Competition, and Performance 
	Injury Frequencies and Proportion 
	Onset of Injury 
	Associations between Injury History and Discipline, Breed, Sexual Status, and Age 
	Strengths and Limitations 

	Conclusions 
	References

