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Editorial on the Research Topic
Sports medicine and physical rehabilitation, volume llI

Veterinary Sports Medicine and Physical Rehabilitation is now a well-established field.
The articles in the first and second volumes of the Veterinary Sports Medicine and Physical
Rehabilitation ebooks, published by Frontiers in Veterinary Science, have been viewed
more than 175,000 times and have been downloaded more than 32,000 times.

This Research Topic is the third volume in the series and includes 15 research articles
by 50 authors focusing on sports medicine (seven articles) and physical rehabilitation
(eight articles).

Two articles focused on the management of orthopedic problems in horses. A study
by Hallowell et al. evaluated the systemic absorption of triamcinolone after intrasynovial
(antebrachiocarpal) and extrasynovial (sacroiliac) injection. The study also evaluated the
effects of triamcinolone absorption on glucose, insulin, cortisol, and adrenocorticotropic
hormone. Intrasynovial injections led to increased plasma triamcinolone levels 8 to 36 h
after injection. Insulin and glucose were also elevated after injection. No adverse reactions
were noted and all horses had normal physical examination parameters throughout the
study period. This study suggests that more work is needed to investigate risk factors
for corticosteroid-associated laminitis in horses. A study by Gruyaert et al. evaluated the
proximity of needles placed for palmar digital nerve blocks to nearby synovial structures
using computed tomography. The majority of (97%) needles avoided synovial penetration,
but the risk of synovial penetration was higher when needle placement was distal and when
synovial structures were distended. Clinicians should be aware that there is a low risk of
inadvertent penetration of the distal interphalangeal joint, navicular bursa, or digital flexor
tendon sheath when performing palmar digital perineural anesthesia.

Thirteen articles focused on the management of orthopedic or neurologic problems in
dogs. A 45-day clinical trial by Talsma et al. evaluated the efficacy of cannabidiol in dogs
with mobility disorders and assessed the safety of the cannabidiol in combination with a
non-steroidal anti-inflammatory drug (NSAID). Subjective outcome measures, including
client questionnaires and blinded veterinary assessments, improved over the course of the
study, but greater ALP elevations were seen in dogs receiving combination therapy with
an NSAID. Further research is needed to better understand the safety and efficacy of CBD
when administered with NSAIDs and other medications.

5 frontiersin.org
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Levine et al.

Two rehabilitation articles evaluated extracorporeal shockwave
therapy. A clinical trial by Joseph et al. compared the noise
reactivity and tolerance to treatment between a standard and a
novel trode designed to reduce the peak focal energy used to deliver
the extracorporeal shockwave therapy. Dogs tolerated the novel
trode better, allowing the delivery of 10% more shocks at a 20%
higher energy level. In a case series, Tsai and Alvarez described
the response to extracorporeal shockwave therapy and physical
rehabilitation in working dogs with fibrotic myopathy. On average,
dogs were able to return to work for ~3 years after the time of
diagnosis, a more favorable outcome than the outcome described
in the previous case series.

A study by Blake et al. described the kinetic parameters
of dogs walking across cavaletti rails at heights of 5, 10,
15, and 20cm (2, 4, 6, and 8 inches). Increasing cavaletti
rail height resulted in a decrease in gait velocity and an
associated increase in gait cycle duration. A clinical study by
Schwartz et al. evaluated gluteal and quadriceps femoris muscle
activation using surface electromyography in dogs recovering from
hemilaminectomy compared to normal dogs. Muscle activation
was increased by more than 30% in the operated dogs compared
to normal dogs and was 30% less on the operated side than
on the unoperated side. The greater muscle activity in the
group that underwent hemilaminectomy may be explained by
hypertonia, but making comparisons of EMG findings between
dogs is inherently problematic because of potential differences in
electrode placement.

Narum et al. surveyed 1,221 caretakers of dogs using an
assistive mobility cart to evaluate quality of life, function, and
adverse events. With the use of a mobility cart, ~60% of caretakers
reported improvement in the quality of life of their dog or cat.
More than 60% of the animals experienced an adverse event
and half of those were wounds. This study was the largest of
its kind and provided helpful information to pet caretakers and
clinicians. A study by Christie et al. evaluated the agreement in
body condition and muscle condition when a group of working
dogs was evaluated by one handler and three veterinarians.
Handlers appeared to have a higher likelihood of rating their dogs
as optimally conditioned and muscled than veterinarians. This
project emphasized the importance of standardizing training and
guidelines for the assessment of body and muscle condition in
working dogs.

Six articles focused on sporting dogs. A retrospective study
by Hattendorf et al. summarized the injuries sustained by ~1,000
Alaskan and Siberian husky sled dogs during a 1,000-mile (1,600-
km) sled dog race. Approximately half of the dogs had a medical
problem during the race and one-third sustained an orthopedic
injury. Carpal and shoulder injuries were most common. Five
studies focused on agility dogs. One survey study by Alva et al.
evaluated the outcome of perceived limb injuries in agility dogs.
Owners sought veterinary care more than 80% of the time and
often sought specialty care. Rest was the most common treatment
used. Two-thirds of the dogs returned to sport within 3 months
of perceived injury, although dogs with stifle injuries reported a
longer time to return to sport. A survey study by Kieves et al.
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evaluated risk factors for stifle injuries in agility dogs. Five factors
were associated with an increased risk of stifle joint injury: being
heavier, being a Border Collie, being a male and neutered before
10 months of age, being a female and spayed before the first heat
cycle, having an 18- to 24-year-old handler, and teeter contact
behavior. The biomechanics of agility dogs negotiating the teeter,
a dynamic agility contact obstacle were further evaluated in a study
by Pechette Markley, Wood, et al.. In this study, dogs used various
strategies to negotiate the teeter. The study provided insight into
these strategies, opening the door for further research focused on
dynamic stability and postural control. Another study by Pechette
Markley, Kieves, et al. investigated the effects of the ground surface
(dirt, grass, or sand) on speed during agility trials. Trials run
on sand were slower than trials run on grass or dirt. This study
highlights the need for kinetic and kinematic studies comparing
surfaces in agility events and how these may relate to injury risk.
A study by Sellon et al. described the methodology for developing
a rating of perceived exertion (RPE) tool to help quantify training
load in agility dogs. RPE is widely used in the training of human
athletes and this research adapted the tool for use in agility dogs.
The tool was quick and easy to use but requires validation.

Like the first two volumes, this third ebook volume on Sports
Medicine and Physical Rehabilitation will be a valuable resource
for veterinary rehabilitation and sports medicine professionals. The
Editors are pleased with the strength and diversity of the 15 articles
included in this volume. They provide valuable information for
veterinary sports medicine and physical rehabilitation practitioners
and provide a foundational context for future research in the field.
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Use of a novel shockwave trode
results in better patient
acceptance in awake canine
patients treated for
musculoskeletal disease

Gina L. Joseph!?, Felix M. Duerr?, Tianjian Zhou? and
Lindsay H. Elam**

tDepartment of Clinical Sciences, Colorado State University, Fort Collins, CO, United States,
2Department of Statistics, Colorado State University, Fort Collins, CO, United States

Introduction: Extracorporeal shockwave therapy (ESWT) is used as a treatment
option for several musculoskeletal pathologies in dogs. When performing ESWT
using electrohydraulic devices, sedation is commonly recommended due to the
noise and discomfort associated with the treatment. The aim of this study was to
compare the tolerance of ESWT delivered by a standard or novel trode in awake
canine patients with musculoskeletal disease.

Materials and methods: This was a prospective, blinded clinical trial in which
dogs with musculoskeletal disease received awake treatment with ESWT with
a gradually increasing energy protocol using both standard and novel trodes
with an electrohydraulic generator in a randomized fashion. Noise reactivity
and tolerance to treatment as measured in number of shocks and energy level
achieved were recorded.

Results: Forty client-owned dogs with pathology affecting the hips, stifles, elbows,
or shoulders were enrolled. Thirty-three dogs completed all three treatment
sessions, three dogs completed two sessions, and four dogs completed one
session. There was evidence of improved patient tolerability with the novel trode,
based on an increased average number of shocks delivered (n + SD = 848 + 334
for novel trode; n + SD = 767 + 358 for standard trode; p = 0.0384) and higher
average treatment energy level achieved (E + SD = 6.5 £ 2.5 for novel trode; E
+ SD = 5.3 £+ 2.8 for standard trode; p = <0.001). Decreased noise reactivity was
found to be positively correlated with tolerability of shockwave treatment (energy
level: p = 0.0168; number of shocks: p = 0.0097).

Discussion: Administration of electrohydraulic ESWT is feasible in select awake
patients using a gradually increasing energy protocol, and the tested novel
shockwave trode is better tolerated than the standard trode. Further studies are
required to determine the efficacy of the novel trode, and if gradually increasing
energy protocols are clinically equivalent to current standard protocols that
employ a consistent energy level.

canine, musculoskeletal, extracorporeal, shockwave, orthopedic, awake
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Joseph et al.

1. Introduction

Extracorporeal shockwave therapy (ESWT) was developed in
the 1970s as a non-invasive method for treating kidney and bladder
stones in humans (1). Its use has since extended beyond lithotripsy,
and it is now used for a number of orthopedic conditions (2, 3). In
canines, ESWT is used to treat elbow, stifle and hip osteoarthritis
(4-8), and shoulder tendinopathies (9-12). In addition, ESWT has
been shown to accelerate bone healing (13) and improve weight
bearing after tibial plateau leveling osteotomy (14).

Shockwave therapy can be delivered as either a focused pressure
wave or an unfocused, radial wave (3). Focused shockwaves
can be generated via three different types of energy sources:
electromagnetic, electrohydraulic, and piezoelectric (15, 16). Each
focused shockwave is generated in a handpiece, termed a
trode, and delivered into tissues through a coupling medium.
When the shockwaves encounter an interface with a change
in tissue density, such as between bone, tendon, or ligament,
they stimulate mechanotransduction. This has been suggested
to lead to increased vascularization, the promotion of collagen
production and organization, and tissue regeneration (15, 16).
Shockwaves are engineered to reach a targeted tissue depth
which varies between generation methods, machines, and trodes.
Standard electrohydraulic shockwave machines tend to generate a
higher acoustic energy wave that can penetrate more deeply into
tissues (3).

Many manufacturers recommend the use of ear plugs and
sedation for the patients due to the discomfort and noise produced
during treatment (3). To the authors’ knowledge, the currently
published research involving focused shockwave in canines have
all been performed under sedation or general anesthesia, however
anecdotally in dogs and horses, treatments have been administered
without sedation (3). While generally safe when appropriate
protocols are applied, sedation is not without risk to the patient
and involves additional time and cost demands of the client
and veterinary staff (17-23). While shockwave therapy has been
associated with minor adverse side effects, the main risk of severe
complications associated with the treatment results from the
sedation. These factors have led manufacturers to develop new
methods of shockwave generation and delivery to canine patients.
One such method involves increasing the focal dimensions over
which the energy is delivered (24, 25). A recently released novel
trode is proposed to decrease local discomfort at the skin-trode
interface while still delivering focused energy to the tissues and
increasing the volume of treated tissues. However, to the authors’
knowledge, it is currently unknown if this novel trode would allow
for treatment without sedation. Therefore, the aim of this study was
to compare the tolerance of ESWT delivered by an electrohydraulic
generator using a standard and novel shockwave trode in awake
canine patients with musculoskeletal disease affecting the hips,
stifles, elbows, or shoulders.

2. Materials and methods

This was a prospective, blinded, randomized clinical trial, and
the study design was approved by the Institutional Animal Care
and Use Committee and Clinical Review Board (IACUC: #1744
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TABLE 1 Trode Order Protocol Allocation.

Number on die  Treatment protocol

1 NNS
2 NSN
3 SNN
4 SSN
5 SNS
6 NSS

S, standard trode; N, novel trode.

at Colorado State University) and all institutional regulations and
guidelines were followed. Client-owned dogs weighing at least 10 kg
with confirmed musculoskeletal disease affecting the hips, stifles,
elbows, or shoulders were recruited. Owners were informed of
the study requirements and consented to treatment at the time
of enrollment. Musculoskeletal disease was confirmed prior to
enrollment via review of available diagnostic imaging (radiographs,
ultrasound, and/or computed tomography). Participation in the
study was only offered if the primary clinician determined that
the patient would benefit from extracorporeal shockwave therapy
and the owners were interested in pursuing treatment. Patients
were excluded if they had septic, immune-mediated or neoplastic
disease affecting the joint(s) to be treated. Patients were also
excluded if they had behavioral conditions requiring medications,
were on any behavior modifying medications, had been sedated
within 24h, or were not amenable to gentle handling/restraint
techniques. Specifically, dogs that were overly aggressive or fearful
on preliminary exam or would hide and refuse to leave the corner
of the exam room were excluded.

Dogs received treatment with both a standard and novel trode
for a total of three treatments. Each treatment was performed ~2-4
weeks apart. Three treatments were chosen because it falls within
the current protocol at the authors™ institution and allowed for
blinding of the single observer (i.e., to avoid knowing the following
treatment would be the alternate trode if only two treatments were
performed). At the first visit, each patient was randomly assigned
to a trode order protocol determined by rolling a standard six-
sided die (Bicycle, The United States Playing Card Company, 2018),
with each number corresponding to a specific protocol (Table 1).
A single clinician (GJ) delivered all treatments and was blinded to
which trode was being used. The trodes were grossly identical in
emitted sound, appearance, and dimensions and labeled only on the
part of the trode that plugged into the main unit (Figure 1). Trodes
were plugged into the main unit by a veterinary technician, allowing
for blinding of the observer.

At each treatment session, the patient was allowed to be
positioned in either lateral recumbency, sitting or standing based
on their comfort and where treatment was being applied. Minimal
manual restraint was applied so that patients could easily move
around in response to the trode. All patients were offered
food (peanut butter, kibble, treats) while receiving treatment.
Treatments were performed in the same space in the hospital
to control for any behavioral response due to changes in the
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FIGURE 1
The novel and standard shockwave trodes.

environment. Prior to treatment at each visit, the haircoat was
evaluated and clipped if it exceeded 1/4”.

Each patient was initially evaluated for noise reactivity by
discharging ~10 shocks both at a far distance (at least five feet
away) and near distance (immediately adjacent to the patient).
Noise reactivity was scored by the blinded clinician on a numerical
0-3 scale. A score of 0 indicated the patient did not react to the
trode. A score of 1 was considered a mild reaction (i.e., the patient
would look at the trode but could be easily distracted with food). A
score of 2 was given if the patient had a moderate reaction (i.e., the
patient would not take or stop taking food, body shaking, tucking
tail, but did not try to actively get away). A score of 3 was given if the
patient showed a severe reaction (i.e., actively tried to get away from
the trode). Noise reactivity scores were recorded at each treatment
with the higher score being recorded if near and far scores differed.
Noise reactivity was tested and recorded at each session.

Consistent anatomic landmarks were used for treating patients
to allow for a standardized treatment area. With each treatment, the
center of the trode head was directed perpendicular to the intended
tissue to receive treatment. For the shoulder, the protocol used by
Leeman et al. was followed (11). For the hip, the treatment area was
a circular region with a radius of 3 cm with the center of the greater
trochanter marking the center of the treatment area. Both the hip
and shoulder were treated from the lateral aspect only to maintain
patient comfort during treatment. Treatment for the elbow was
performed circumferentially with the treatment area measuring the
distance from the lateral humeral epicondyle to olecranon caudally
and centering the treatment at the level of the epicondyles. Stifles
were treated in a U-shape along cranial, medial and lateral aspects
of the joint with the center of the trode head pointing toward
the middle of the imaginary cube created in the area between the
fabella, patella, head of fibula, and tibial tuberosity.

The shockwave device (Zomedica PulseVet® ProPulse®. Ann
Arbor, MI; trodes: ProPulse R05 and X-trode. Ann Arbor, MI) was
programmed to deliver 1,000 shocks at a rate of 360 shocks/minute.
Isopropyl alcohol and a coupling gel (LithoClear® Scanning
Gel, Next Medical Products. Branchburg, NJ) was applied to the
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TABLE 2 Glasgow Composite Measure Pain Scale.

Treatment
response

tient behavioral Assigned

score

signs

e Vocalization: Quiet 0
e Response to trode/touch: No
reaction

Posture/Activity:
Quiet/comfortable

Go up in energy level

Vocalization: Quiet 1
Response to trode/touch: Look
at trode/around
Posture/Activity:
Unsettled/restless

Stay at same energy level

Vocalization: Crying/ 2
whimpering, groaning
Response to trode/touch:
Flinch, growl/guard
Posture/Activity:
Hunched/tense

Go down in energy level

Vocalization: Screaming 3
Response to trode/touch: Snap,
cry

Posture/Activity:
Rigid/Attempting to leave

Stop treatment

treatment area prior to initiation of treatment. Ear protection was
not required to be worn by the clinicians and staff during treatment
but were available for use if desired. Treatment was started and
the patient’s response was evaluated by the single blinded operator
using a modified CMPS based on Reid et al. (26) (Table 2). Initial
scoring was performed during the initial 200 shocks at an energy
level of E2 with subsequent scoring approximately every 100
shocks after. Based on a patient’s score, the energy level was either
increased (score of 0), left the same (score of 1), decreased (score
of 2), or treatment was stopped (score of 3). If a patient received
a score of 2 at any point during treatment, the energy level was
immediately decreased and reassessed within the next 100 shocks.
If a patient received a score of 3, treatment was immediately
discontinued. Treatment energy level was adjusted until a total
of 1,000 shocks were delivered, or treatment was discontinued.
After treatment, the patients were immediately discharged back to
their owners.

A power calculation based on the tolerability of treatment
energy was performed on preliminary data from 10 patients using
Excel (Microsoft Corporation, Microsoft Excel. 2018. Redmond,
WA). With a minimum detectable difference of two levels of energy
and a significance level of 0.05, a desired sample size of 40 resulted
in a power of 0.9919. The outcome measures were analyzed using
a linear mixed model that was fit separately for each response
variable (energy and number of shocks). Each individual dog was
considered a random effect to account for the correlation among
multiple repeated measures of the same subject. The type of trode,
noise reactivity and joint treated were included in the model as
fixed effects. The statistical analyses were performed using the R
statistical software (R Core Team, R: Ime4. 2022. Vienna, Austria).
Residual diagnostic plots were used to evaluate model assumptions,
and no obvious violations of modeling assumptions were identified.
A p < 0.05 was used as a threshold for declaring statistical
significance. Furthermore, the Holm procedure for multiple testing
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was considered for the two primary comparisons of energy and
number of shocks (27, 28) to control the family-wise error rate at
0.05. The Holm procedure was implemented by first comparing
the p-value for energy level (p = 0.0007) to 0.05/2, and then
comparing the p-value for number of shocks (p = 0.0384) to 0.05.
The comparisons were still significant under the Holm procedure
and did not affect the conclusions. For all other comparisons and
associations, no multiplicity adjustments were performed, and the
p-values should be interpreted for descriptive purposes (29).

3. Results

Forty client-owned dogs with diagnosed pathology affecting the
treated joints and/or associated soft tissues (stifles: n = 9, hips:
n = 9, shoulders: n = 11, and elbows: n = 11) were enrolled in
the study. None of the enrolled patients had undergone surgery of
the affected joint within the 6 months prior to enrollment or had
received any local anesthetic at the treatment site. The average age
of the enrolled patient was 9.2 years (SD = 3.95; range: 2-14.8) with
most patients being sterilized (spayed: n = 19, neutered: n = 17,
intact female: n = 2, intact male: n = 2). The most common breeds
were Labrador Retrievers (n = 11), and mixed breed dogs (n = 9),
followed by, American Pit Bull Terriers (n = 2), Border Collies
(n = 2), German Shepherd Dogs (n = 2), and Golden Retrievers
(n = 2). The remaining breeds included Greater Swiss Mountain
Dog (n = 1), Rottweiler (n = 1), English Bulldog (n = 1), Australian
Shepherd (n = 1), Bernese Mountain Dog (n = 1), Cane Corso
(n = 1), French Bulldog (n = 1), Pembroke Welsh Corgi (n = 1),
Mastiff (n = 1), Labradoodle (n = 1), and Vizsla (n = 1). Average
patient weight was 29.7 kg (SD = 8.08; range: 11-51.2 kg).

Thirty-three dogs completed all three treatment sessions, three
dogs completed two sessions, and four dogs completed one session.
Of the patients who did not complete the full treatment schedule,
two were treated with both trodes, three with the novel trode alone
and two with the standard trode alone. Reasons for participants to
not complete the three scheduled treatment sessions included a lack
of perceived patient improvement by the owners (n = 5), lost to
follow up (n = 1), or euthanasia unrelated to the study (n = 1).

In total, treatment was initiated 53 times with the novel trode
(average energy £ SD = 6.5 % 2.5; average number of shocks
administered = SD = 848 & 334) and 56 times with the standard
trode (average energy £ SD = 5.3 & 2.8; average number of shocks
administered = SD = 767 £ 358). When evaluating for tolerated
energy level, there was evidence of improved tolerability with the
novel trode after adjusting for noise reactivity and the joint treated
(p = 0.0007). When further evaluating for noise reactivity and
energy tolerability, there was evidence of correlation between the
two (p = 0.0168): per unit of increased noise reactivity there was
an estimated 0.69 unit (standard error: 0.284) lower tolerability of
shockwave energy.

Similarly, when comparing number of shocks tolerated between
the two trodes, there was evidence of improved tolerability with
the novel trode after adjusting for noise reactivity and joint treated
(p = 0.0384). There was also a positive correlation between noise
reactivity and number of shocks, after adjusting for joint treated
and treatment group (p = 0.0097): per unit of increased noise
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TABLE 3 Pairwise joint comparison for shockwave energy.

Contrast Estimate SE p-value
Hip—Elbow 0.9 0.9 0.340
Shoulder—Elbow —14 0.9 0.137
Shoulder—Hip —2.2 0.9 0.015
Stifle—Elbow —0.5 0.9 0.623
Stifle—Hip —-1.3 0.9 0.154
Stifle—Shoulder 0.9 0.9 0.320

TABLE 4 Pairwise joint comparison for number of shocks.

Contrast Estimate SE p-value
Hip—Elbow 143.1 122.1 0.249
Shoulder—Elbow —123.1 121.8 0.318
Shoulder—Hip —266.2 119.2 0.032
Stifle—Elbow 69.6 126.5 0.586
Stifle—Hip ~73.5 124.4 0.558
Stifle—Shoulder 192.7 122.0 0.123

reactivity, patients tolerated an estimated 96.077 (standard error:
36.442) fewer shocks.

When comparing joints treated (comparison of all four groups
together) using a one-way analysis of covariance (ANCOVA), there
was no statistically significant difference in patients’ tolerability of
energy or number of shocks, after adjusting for treatment group
and noise reactivity (energy: p = 0.1012; number of shocks: p =
0.1641). Pairwise comparison between the four joints (Tables 3,
4), however, suggested that hips had the highest tolerability
and shoulders had the lowest tolerability. Since the pairwise
comparisons were performed after a non-significant ANCOVA,
the p-values associated with the contrasts presented in Tables 3, 4
should only be interpreted for descriptive purposes.

The only minor adverse event reported by a single owner was
skin irritation after the initial treatment. The visit included clipping
of the haircoat and resolved without treatment per the owner. No
long-term adverse effects were reported by the clients or noted on
veterinary examinations during the course of the study.

4. Discussion

Based on the results of the present study, awake shockwave
therapy with a gradually increasing energy protocol is feasible in
a selected group of patients with musculoskeletal disease affecting
the shoulders, elbows, hips, and stifles. Furthermore, treatment
using the novel trode is better tolerated both in terms of energy
level reached and number of shocks delivered compared with the
standard trode. Dogs in our study population, on average, were
able to tolerate ~1 level of higher energy and ~80 additional
shocks from the novel trode compared to the standard trode.
Our study also showed a relationship between noise reactivity and
awake shockwave tolerance, something that has not previously
been reported. Further research is needed to evaluate if a gradually
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increasing energy treatment protocol is equally effective to a
consistent energy level protocol. Additionally, further research is
needed to evaluate the efficacy of the novel trode in comparison
with a standard trode.

Although the data did not show a definitively higher tolerability
for a single joint compared with the other three tested, it did
suggest that the hips were the most highly tolerated joint. Possible
explanations for this could be that the soft tissues surrounding
the hips, namely muscle bellies, helped provide “padding” to the
affected joint and surrounding major nerves. The remaining three
joints (shoulders, elbows, knees) have less soft tissue coverage
comparatively, which may result in more discomfort during
treatment. Pairwise comparison also suggested lower tolerability
for patients treated for shoulder pathologies. It is possible this
was observed because the shoulders are physically closer to the
patient’s head and ears and the noise or physical presence of the
trode near the head could have led to decreased tolerability. In
addition, there was a higher prevalence of soft tissue pathology
in the shoulder patient population, so it is possible that treatment
of soft tissue pathologies with shockwave is more painful than
degenerative joint disease. In a recent survey of members of the
American Association of Equine Practitioners, the majority of
respondents that used shockwave reported that “equine patients
were moderately to completely tolerable of ESWT, regardless of
the body region” (30). In human studies, the patients’ tolerance
can be a factor in the energy and/or number of shocks delivered
during a treatment (1, 31). To the authors’ knowledge, there have
not been human studies evaluating tolerance of shockwave at
different anatomic locations. Adverse effects reported in people for
treatment of musculoskeletal disease include local pain, erythema,
bruising, hematoma formation, nerve irritation, superficial edema,
and even systemic signs including headaches and migraines (2, 32—
35).

Shockwave therapy has been associated with minor adverse side
effects in canines including pain during treatment, local bruising,
ecchymosis and/or petechiation, hematoma formation and local
swelling (3, 4, 36). Patients who were assigned higher modified
Glasgow Composite Measure Pain Scale (CMPS) scores can be
presumed to have had greater pain at the treatment area, consistent
with reports in previous studies (4). The only other side effect
noted during the study was skin irritation after the first treatment,
but this was suspected to be related to coat clipping rather than
the shockwave therapy itself as the irritation did not recur with
subsequent treatments. Given the low incidence of adverse events,
a comparison between the two trodes was not feasible.

The results of this study help support the use of shockwave
for treating awake patients. While patients with musculoskeletal
disease may be sedated for diagnostics or other routine outpatient
procedures, it is not without its risks. Commonly used sedation
medications include opioids and alpha-2 agonists, both of which
have been shown to have negative cardiopulmonary effects on even
healthy dogs (17-21). A survey of owners in the United States and
Canada revealed that over 20% of owners strongly disagreed with
the use of sedation during even routine exam (22).

The novel trode technology is described by the manufacturer as
including a proprietary change to the reflector geometry designed
to reduce the peak focal energy and spread the 5 MPa focal zone,
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which is considered the threshold for therapeutic effect of shock
wave on tissue (24, 25, 37). This change is intended to reduce
the pain of treatment while impacting a greater volume of tissue
with the treatment. This approach, however, still differs from radial
shockwave, which generates pressure waves that extend outwards
equally from the generation source and lose energy at a rate
proportional to radius~!. This leads to lower amplitude waves that
have a lower velocity, by two orders of magnitude, than the speed
of sound in tissue (16).

There are several limitations to the present study, including
the small sample size, particularly given that treatment was not
limited to one specific joint. Another limitation was the subjective
nature of the outcome measures. The authors attempted to decrease
subjectivity through the use of a modified CMPS that has been
validated in dogs for acute pain (38). While this judgment
is subjective, to the authors’ knowledge, there is no validated,
objective method to determine acute pain that could be used in the
study setting. To minimize bias and confounding factors, a single,
blinded clinician performed all the scoring.

Because our study was focused on tolerability of treatment
rather than clinical response, clinical metrology instruments or
objective gait analysis were not used as outcome measures.
Additional physiologic measures of stress or pain such as
continuous blood pressure or heart rate monitoring were not used
due to the potential to affect behavior response during collection
and recording. Another potential limitation is that the patients’
medical management protocols were not standardized due to the
variety of conditions treated as well as severity. It is possible that
patients who were receiving anti-inflammatory and/or analgesic
medications may have shown higher tolerance to shockwave
compared with patients not on these medications. Additionally,
the severity of a patient’s overall pain may have also affected their
tolerance to therapy or noise sensitivity (39).

The inclusion criteria resulted in patients who were amenable
to gentle restraint without the need for sedative or anxiolytic
medications, which likely created bias toward patients with better
tolerance. This also likely explains the high tolerability, even
with the standard trode. The described exclusion criteria were
chosen to help minimize additional confounding factors such as
reactivity to restraint itself instead of the treatment or variations
in serum plasma levels of medications due to differences in time
of administration or dosing. As such, the results from this study
cannot be extrapolated to more stressed patients. From a clinical
perspective however, a patient who is not tolerating initial awake
treatment could be given pre-visit oral anxiolytic medication at the
next visit or the clinician could use earplugs in patients who appear
noise reactive. Occupational Safety and Health Administration
(OSHA) guidelines require ear protection for employees who are
exposed to average noise levels above 85 decibels over an 8h
period (40). Per manufacturer recommendations, ear protection
is recommended if sustained treatment is being performed. As
our blinded clinician and staff were only exposed to shockwave
treatment lasting no more than 4min at a time and only a
maximum of four treatments per day, ear protection was not
required but available if desired. These recommendations should
be considered by clinicians if longer treatments or multiple daily
treatments are performed.
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It was outside the scope of the study to compare the clinical
efficacy of the novel trode to the standard trode when used with
an electrohydraulic generator. Future blinded, prospective studies
using objective outcomes are needed to determine if the novel trode
provides different clinical outcomes compared with the standard
trode. The gradually increasing energy protocol has also never been
evaluated for clinical efficacy and additional prospective studies
could be performed to evaluate whether its efficacy compared to
a static, high energy treatment protocol.

The presented results support the use of ESWT in awake
patients. The modified scale used in this study was originally
developed to assess acute pain in patients, which is one of the
primary limiting factors for treatment. The results show that while
the novel trode was overall better tolerated than the standard trode,
the standard trode still had better than anticipated tolerability, so
either trode could be used to treat awake patients based on the
clinician’s discretion. It cannot be overstated that the purpose of
this study was purely focused on tolerability of awake shockwave
and should not be used to make conclusions regarding clinical
efficacy of either trode or the protocol used.
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Outcome of eight working
dogs with fibrotic myopathy
following extracorporeal
shockwave and rehabilitation
therapy: a case series

Frank C. Tsai* and Leilani X. Alvarez

Department of Integrative and Rehabilitative Medicine, Schwarzman Animal Medical Center,
New York, NY, United States

Introduction: Fibrotic myopathy of the gracilis, semitendinosus, and
semimembranosus is described primarily in working German Shepherd dogs.
The purpose of this case series is to describe the rehabilitation modalities
and treatments utilized in working dogs with fibrotic myopathy and the time
frame they were able to continue working.

Methods: Medical records of patients with hindlimb lameness that were
presented to the Schwarzman Animal Medical Center in New York City from
2012 to 2023 were retrospectively searched. Signalment, history, clinical
evaluation, gait analysis, goniometry of stifles, and follow-up evaluation
were compared among patients. Ten male working dogs met inclusion
criteria. Extracorporeal Shockwave Therapy (ECSWT) was administered
under sedation or general anesthesia. Rehabilitation therapy (RT), including
massage, hamstring stretch, photobiomodulation, pulsed electromagnetic
field therapy, warm compress, therapeutic ultrasound, underwater treadmill,
and therapeutic exercises, were performed once every one to 3 weeks with
varying protocols according to patient assessments. Follow-up phone calls
and emails were conducted to determine long-term outcome.

Results: On average, dogs were able to work full-time for 32.1 months (range
6-82; SD 23.6) from the time of diagnosis. No activity limitation was reported
by the owners/handlers.

Discussion: This report is the first to describe non-invasive medical
treatments that may extend the working ability of dogs diagnosed with
fibrotic myopathy. Further prospective randomized controlled studies are
needed to demonstrate the efficacy of ECSWT and RT for treating fibrotic
myopathy.

Conclusion: The results of this retrospective study suggest that the
combination of ECSWT and RT may allow working dogs with fibrotic
myopathy to continue their working capacity for an extended period of time.

KEYWORDS

fibrotic myopathy, extracorporeal shockwave therapy, gracilis, semitendinosus,
German shepherd, working dogs, muscle contracture
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Introduction

Fibrotic myopathy, specifically of the gracilis, semitendinosus, or
semimembranosus, is an uncommon disease in dogs. It has been
reported in the German shepherd, Belgian Malinois, Doberman
Pinscher, Rottweiler, and Old English Sheepdog (1-6). Predominantly
young adult, male German shepherd working dogs, or dogs with
active lifestyles, are reported (1, 5). The exact etiology is still unknown
but various causes are proposed. Muscle trauma, either from repeated
muscle strains or a single event is likely the primary cause (1, 2, 4).
Other explanations include compartment syndrome, fractures,
infection (Neospora), immune-mediated, neuropathy, and
immobilization (7). Regardless of the original insult, disease
progression is usually associated with breakdown of muscle fibers and
replacement by fibrous tissue and subsequent muscle contracture and
loss of elasticity (5, 6).

Typically, acute trauma/injury is not reported by the owners/
handlers in most cases (4, 5). Gait abnormality is usually the only
symptom reported with no associated pain and can sometimes
be mistaken as neurological disease. Except for acute muscle strain
injury, improvement usually is not observed with pain medications
(including non-steroidal anti-inflammatory drugs, opioids, etc.), or
rest (4, 8).

Although trauma, whether a single event or repeated
microtrauma, has been suspected to be the cause of fibrotic myopathy
of gracilis/semitendinosus in dogs, etiopathogenesis remains elusive.
Adding to the complexity, in racing Greyhounds, rupture of the
gracilis muscle results in some degree of contracture and adhesion, but
the gait is not affected (1), suggesting a genetic predisposition of
German Shepherds and Malinois breeds. Fibrotic myopathy of the
gracilis, semimembranosus, and/or semitendinosus muscles causes a
distinctive gait pattern—with a shortened stride, rapid elastic medial
rotation of the paw, external rotation of the hock, and internal rotation
of the stifle during mid- to late-swing phase of the stride (3-5, 9). The
lameness might be more noticeable at a trot. On physical examination,
a taut band can be palpated, depending on which muscle is affected.
Pain may or may not be noticed on muscle palpation. Joint range of
motion is expected to be decreased during hip abduction, stifle
extension, and tarsal extension (4, 9).

Medical and surgical management has been described with
guarded prognosis (3-5). Medical management, including therapeutic
of

D-Penicillamine and colchicine did not improve the condition (3, 4).

ultrasound, immunosuppressive  dose corticosteroids,
Post-surgery rehabilitation therapy, including cross-fiber friction
massage, passive joint range of motion, and controlled exercises did
not yield sustained improvement either (3, 10). Previous reports of
surgical interventions resulted in immediate improvement, if not full
resolution of the lameness, but the lameness was expected to recur in
2-4months (1, 4, 5).

In one study (8), authors demonstrated that adipose-derived
mesenchymal stem cells could improve or help prevent progression of
fibrosis and muscle contracture in dogs with semitendinosus
myopathy. It is worth noting the cases were treated early and only 3/10
cases had evidence of scar (fibrous) tissue formation (true
fibrotic myopathy).

Extracorporeal Shockwave Therapy (ECSWT) has been used to
treat various musculoskeletal conditions, including bone healing,

tendinopathy, patellar desmopathy, acute/subacute myopathies,
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lumbosacral disease/pain, and osteoarthritis (11). It has been
documented that ECSWT could noninvasively, effectively, and safely
prevent the formation of arthrofibrosis during knee repair in
rabbits (12).

In one human study, ECSWT was comparable to intralesional
steroid injection for treatment of keloid scars (13). A systematic review
for the safety and efficacy of treating post-burn scars suggests that the
combination of ECSWT and comprehensive rehabilitation therapy
(RT) had better therapeutic effect on post-burn pathological scars
than RT alone, without obvious side effects (14). ECSWT has been
used with variable success to treat fibromatosis diseases in people,
including plantar (Ledderhose disease), palmar (Dupuytren’s disease),
and penile fibromatosis (Peyronie’s disease) (15-18).

Although dogs can remain active in spite of the pathognomonic
gait/lameness (1), the muscle contracture from fibrosis can be career-
ending for working police dogs (8). To date, the effect of ECSWT on
fibrotic myopathy in working dogs, and specifically, the ability to
continue to work, has not been described.

The aim of this case series was to document the treatment and
outcomes of ECSWT and RT on working dogs with hindlimb fibrotic
myopathy, and to report the length of time they were able to continue
working full-time after diagnosis.

Our hypothesis was that ECSWT and RT would enable working
dogs with hindlimb fibrotic myopathy to continue working full-time
after the time of diagnosis for an average of 1year (12months)
or longer.

Materials and methods

Medical records of canine patients with a chief complaint of hind
limb lameness presented to the Schwarzman Animal Medical Center
(AMC) in New York City between January 2012 to June 2023 were
retrospectively searched in the electronic medical record database and
evaluated. The terms, “fibrotic myopathy” and “canine” were searched.
Exclusion criteria included pet dogs (non-working), forelimb fibrotic
myopathy, or a diagnosis that was not conclusive or after retirement.
Signalment, history, clinical evaluation, thigh girth measurement, gait
analysis (both subjective and objective if available), goniometry of
stifles, and follow-up evaluation were compared. All ECSWT was
performed with the same electrohydraulic machine (VersaTron,
PulseVet, Alpharetta, GA, United States). The setting for the ECSWT
was: 1,000 pulses at energy level E6 (0.15mJ/mm? however, energy
densities are not comparable across different ECSWT devices) (11) to
each affected muscle using 20mm trode. Treatments were
administered under sedation every 2weeks for a total of
1-3 treatments.

Thigh girth measurements were performed using a Gulick II tape
measure (Country Technology, Inc. Gays Mills, W1, United States). It
was measured in a consistent manner over the greater trochanter in
standing posture. Subjective lameness was graded as none (I), mild
(II), moderate (III), or severe (IV) (19). Objective gait analysis was
conducted using a pressure-sensitive walkway system (Gait4Dog, CIR
Systems, Franklin, NJ, United States) with a minimum of three
consistent gait passes.

All patients had either musculoskeletal ultrasound (MSK US)
examination performed by a board-certified radiologist,
magnetic resonance imaging (MRI; reviewed by a board-certified
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TABLE 1 Patient demographics.

Patient

10.3389/fvets.2023.1258319

Age (years) at the time of 5.0 7.4 5.5
6 6 5.5 2.5 6.25 5.4 3.8 4.75 5 9.83

diagnosis 1.2 2.4 1.8

Breed GSD GSD GSD GSD GSD GSD GSD Mal Shep GSD

Neuter status N N N N 1 1 N N 1 1

Job description PD PD PD GD PD PD PD PD PD PD

Muscles affected G,SM, B G B G B G SM,L | G SM,L | GorSM,B SM, B G,B G, SM, B STB

All were male dogs. GSD, German shepherd dog; Mal, Belgian Malinois; Shep, Shepherd—not specified; N, Neutered; I, Intact; PD, Police Dog; GD, Guide Dog for the Blinds; G, Gracilis

Muscle; SM, Semimembranosus Muscle; ST, Semitendinosus Muscle; B, Bilateral; R, Right; L, Left.

radiologist), or clinical evaluation by a board-certified specialist in
either sport medicine and rehabilitation, surgery, or neurology.
The
semimembranosus fibrotic myopathy included firm taut bands on

criteria for diagnosis of gracilis/semitendinosus/
palpation of the caudomedial thigh, identifying the origin/
insertion of the fibrotic muscles, and the pathognomonic gait (as
described previously). Additionally, the degree of hamstrings
flexibility was noted.

The patients were sedated prior to the administration of
ECSWT, except two patients (one was performed under general
anesthesia; Midazolam 0.5 mg/kg IV, Propofol 3 mg/kg IV, Isoflurane
and the other was performed non-sedated), under a protocol chosen
by the supervising clinician (Nalbuphine 0.2mg/kg IV/
IM + Midazolam 0.2mg/kg IV/IM+ Propofol 2.4-3.5mg/kg IV;
Nalbuphine 0.2 mg/kg IV/IM+ Dexmedetomidine 7-10 mcg/kg IV/
IM; Dexmedetomidine 5-7 mcg/kg IV/IM +Hydromorphone
0.1 mg/kg IV or Methadone 0.1 mg/kg IV + Dexmedetomidine 6
mcg/kg IV).

Rehabilitation therapy included manual therapies (massage,
passive joint range of motion of the hip, stifle joints, stretching of the
gracilis/semimembranosus/semitendinosus), photobiomodulation to
hamstrings (Machine 1: Pain and Trauma setting, 10 W, 2,600-3,120
joules total, ~7-9]J/cm?, Companion, LiteCure LLC, Newark, DE,
United States; Machine 2: Wound healing setting, 101-151 joules total,
2J/em?, MLS, Mphi VET, ASALASER, Arcugnano, Italy), Pulsed
Electromagnetic Field (PEMF) therapy (15min over hamstrings;
Assisi loop, Assisi Animal Health, Santa Fe, NM, United States), warm
compress (10-15min over hamstrings before massage and stretching),
customized therapeutic exercises and underwater treadmill walking,
individualized according to patient assessment. Typically, RT lasted
about 50-60 min and was performed once weekly.

Therapeutic ultrasound (Chattanooga, DJO LLC, Vista, CA,
United States) was used over affected muscles (5cm? head, 1.0 MHz,
50-100%, 0.5-1 W/cm? for 7-10 min) in some patients after the course
of ECSWT. Duty cycle was chosen for non-thermal (50%) and thermal
effects (100%).

Each patient had follow-up evaluations with the rehabilitation
therapists/specialists or primary care veterinarians. Outcome
measurements were performed by either a Diplomate of the American
College of Veterinary Sports Medicine and Rehabilitation
(DACVSMR), a certified rehabilitation veterinarian or technician, or
internship-trained primary care veterinarian at the AMC. Follow-up
phone calls/emails were conducted by the primary author. Patients
were followed-up either by in-person examination or via phone call
to report the status of working ability.
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Results

A total of 17 cases were identified in the medical record system
who had a diagnosis of gracilis/semimembranosus/semitendinosus
fibrotic myopathy. Five non-working dogs were excluded. Two
additional working dogs were excluded because the diagnosis of
fibrotic myopathy was after retirement. Out of the 10 cases included
in this case series, there were nine police dogs, and one guide dog.

All cases evaluated were male German shepherd dogs, except one
male Belgian Malinois with ages ranging from 2.5 to 9.8 years old at
the time of diagnosis (mean 5.5 SD 1.8) (Table 1). Six were castrated
and 4 were intact (Table 1). The ages of 8 patients who received
ECSWT and RT (treatment group) ranged from 2.5 to 6.3 years old
(mean 5.0 SD 1.2) (Table 1). Two patients who did not receive ECSWT
or RT were 5 and 9.8years old at the time of diagnosis (mean 7.4 SD
2.4) (Table 1).

No specific activities or events were identified by the owners/
handlers that led to the unusual gait.

Three of the 8 patients in the treatment group had MRI to confirm
the diagnosis of fibrotic myopathy of gracilis or semimembranosus.
One patient had MSK US to confirm the diagnosis of fibrotic
myopathy. The rest of the patients were diagnosed based on palpation
of fibrotic bands and pathognomonic gait. One of the two patients
who did not receive ECSWT or RT (non-treatment group) was
diagnosed with fibrotic myopathy before his retirement per the
handler 2years prior to presentation. No referral record could
be obtained (the previous clinic was closed and bought by another
practice that did not keep his complete medical record) to verify the
diagnosis. The diagnosis of fibrotic myopathy was confirmed by a
board-certified surgeon at the AMC (2 years after his retirement and
4years after diagnosis, through palpation and pathognomonic gait).

All 8 patients of the treatment group received ECSW'T. Six of the
patients had the recommended 3 treatments spaced 2 weeks apart and
2 had just one treatment. All 8 patients also received customized
therapeutic exercises and manual therapies (Table 2). Other
therapeutic rehabilitation therapies administered to the dogs are
outlined in Table 2.

For the 2 patients in the non-treatment group, no objective
outcomes were available because they did not return for follow-up
with reference to the fibrotic myopathy diagnosis or treatment.

Regarding the treatment outcomes, 2 out of the 8 patients were
noted to have a softer muscle belly of the affected muscles after
treatment with ECSW'T. Others did not have noticeable change.

Stifle range of motion (ROM) improved or stayed within the
normal range in 5 patients within 7months from the initial
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TABLE 2 Rehabilitation treatments performed in dogs with fibrotic myopathy.

10.3389/fvets.2023.1258319

Patient treatment 1 2 3 4 5 6 V 8 9 10
ECSWT (# of treatments) +(3) +(3) +(3) +(1) +(3) +(1) +(3) +(3) 0 0
Muscles treated by ECSWT G,SM, B G,B G,B G,SM, L G,SM, B G-B, SM-R G,SM, B G,L - -
Manual therapy (passive joint

range of motion, hamstring + + + + + + + + None None
stretching, massage)

Photobiomodulation + + + + + - - - — -
Superficial heat + + - - - - + - - -
Therapeutic ultrasound + + - + + + + + - -
PEMF - - - - + + - - - -
Underwater treadmill + + + + - + + + — -
Land treadmill - - - - + - - - - -
Therapeutic exercises + + + + + + + + - -
RT Frequency (every_weeks) 1-3 1-3 1-2 1-2 1-2 1 1 1 - -
RT total # of treatments 10 77 4 392 18 3 9 18 - -

+, performed; —, not performed; ECSWT, Extracorporeal Shockwave Therapy; PEMF, Pulsed Electromagnetic Field; RT, Rehabilitation Therapy; G, Gracilis Muscle; SM, Semimembranosus

Muscle; ST, Semitendinosus Muscle; B, Bilateral; R, Right; L, Left.

measurements. One dog had decreased stifle extension within
7months (Table 3). The other 2 patients did not have objective ROM
measurements during initial evaluation or follow-up. One dog in the
treatment group maintained improved stifle extension 18 months after
the initial measurement (Table 3).

Three out of the 4 patients who were measured had improved or
maintained thigh girth within 4.5months from the initial
measurements. Out of those 3, one had regressed slightly at the
19-month recheck. The other patient initially declined in the thigh
girth, and then improved (Table 3).

Three dogs had improved subjective lameness evaluation (less
kyphotic stance, or decreased lameness grade from II/IV to I/IV, or
less pronounced pathognomonic gait). The other 5 dogs did not have
specified gait/lameness change (Table 3).

On average, dogs who received ECSWT and RT were able to work
full-time for an additional 32.1 months after the diagnosis of fibrotic
myopathy (range 6-82; SD 23.6) (Table 3). Dog #8 was not included
in this calculation because he is still actively working at full capacity
(13 months since time of diagnosis).

On average, dogs who did not receive ECSWT or RT were able to
work full-time for an additional 12.5 months (range 1-24; SD 11.5).

One of the 2 dogs in the non-treatment group was able to work
full-time for 24 months with limitations (could not jump in and out of
a car or climb stairs). The other dog retired soon after the diagnosis
(within 1 month) because he was not able to jump into the patrol
vehicle and this disqualified him from being able to work.

No activity limitation was reported for patients who received
ECSWT and RT, except that one handler limited jumping due to
concern for making the contralateral leg worse. Working duties of the
dogs included explosive detection, patrol, and guiding for the blind.

The follow-up for this retrospective study was completed by either
phone call or email, 9 months to 7 years after the last treatment. For
the non-treatment group, follow-up for one was 2.5years and the
other 10 months after the last evaluation.

Study patients had other comorbidities listed in the medical
record including intervertebral disk disease, osteoarthritis, hip pain,
iliopsoas pain, tail pain, and hemangiosarcoma. Since we could not
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obtain the official deposition record, we could not confirm the exact
reason for each dog’s retirement.

Discussion

The results of this retrospective study on 10 working dogs with
hindlimb fibrotic myopathy suggested that the combination of
ECSWT and RT may allow dogs to continue their working capacity
for an average of 32.1 mo (range 6-82; SD 23.6) from the time of
diagnosis, thereby confirming our hypothesis. We were not able to
statistically compare outcomes with the non-treatment group due to
low sample size (2 patients); however, dogs receiving ECSWT and RT
in this retrospective series were able to work on average 19.6 mo
longer (SD 26.3) as compared to the non-treatment group. While
several other modalities were performed, ECSWT was the only
consistent modality that all dogs received, in addition to therapeutic
exercises and manual therapy (Table 2). This report is the first to
describe non-invasive medical treatments that may extend the
working ability of dogs diagnosed with fibrotic myopathy of gracilis,
semimembranosus, and/or semitendinosus.

Theories regarding the mechanisms of ECSWT to aid in healing
of fibrotic myopathy are variable. In terms of human plantar
fibromatosis, it is thought that ECSWT stimulates biosynthesis of the
extracellular matrix by tendon fibroblasts, which could help in
counteracting the maturation process of myofibroblasts and lead to
reduced tissue contraction (18). Other theories include that ECSWT
causes direct damage to the lesion triggering a healing response, and
ECSWT increases vascularity to the lesion, lysing the lesion and
resulting in macrophage removal (20). Studies have also demonstrated
that ECSWT may inhibit transforming growth factor-f1 (TGF-p1),
which plays an important role in enhancing muscle fibrosis (21-24).

Pain reduction by the ECSWT has also been documented in
people with fibromatosis diseases (15, 17, 18). Even though fibrotic
myopathy usually does not elicit lameness secondary to pain, it can
cause pain when the muscle/tendon is stretched above the
physiological range. While it was not reported in the patients of this
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TABLE 3 Summary of treatment outcomes after extracorporeal shockwave therapy and rehabilitation therapy in dogs with fibrotic myopathy.

Patient outcome

0 119 111 5 166 165
7 162 135 34 165 165
Passive stifle extension 0 160 160 0 143 119
10 155 144 46 160 160
(degrees) 7 135 135 8 147 120
12 157 147 79 153 150
18 157 150 81 153 148
0 55
21 53
0 50.9 50.2 0 55
Thigh girth (cm) - 46 53
4.5 58 57.5 8 55.2
79 53.2
81 55.6
Visual lameness evaluation 0 11
5 Less kyphotic No change -
(grade I-IV) 18 1
Time from initial diagnosis
9 27 41 82
to retirement (mo)

Patient outcome

Passive stifle extension 0 164 163 0.5 0 123 128
(degrees) 7 163 162 Pre-ECSWT 123 - 3 155 150 - -

9 142 156 Post-ECSWT 147 11 150 155
Thigh girth (cm) 0 42.6

7 43 - - - - -

19 423
Visual lameness evaluation N 3 Pathognomonic gait

o
(grade I-IV) - No change less pronounced - -
change
5 No change
Time from initial diagnosis
24 6 36 *13 24 1

to retirement (mo)

*Still working full-time at the time of publication. 1, Improved; |, Regressed; —, Not Available; L, Left; R, Right; mo, months.

study, in one report (4), most dogs showed pain responses with digital
pressure exerted on the affected muscle(s), abduction of the
coxofemoral joint(s), or both.

In addition to ECSWT, manual therapy, including massage,
passive joint range of motion, and stretching can help collagen/scar
tissue to align properly and decrease pain, and is important to help
increase flexibility and improve muscle extensibility (25). Therapeutic
exercises, focusing on active joint range of motion, warm-up,
stretching, and muscle strengthening can also help increase flexibility
and prevent future muscle strain. The outcome of the patients
presented here likely benefited from these rehabilitation strategies.

Historically, clients/handlers have been told that working dogs’
careers are over when they are diagnosed with fibrotic myopathy.
Through client education, they understand that their dogs can
continue to work without pain and/or causing additional harm.
Additionally, the instruction for activity modification and home
exercise program might delay worsening of the contracture and
improve functional mobility through required tasks.

Objective gait evaluations using the pressure-sensitive walkway
system were only conducted in patients #3 and #4. Inconsistent
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variations of results were recorded, likely due to the nature of
mechanical lameness with fibrotic myopathy. Therefore, this data was
not included. Other treatment outcomes, including muscle texture,
stifle extension, thigh girth, and subjective lameness exam, did not
yield consistent positive results. Those measurements did not correlate
with extending the working lifespan of each dog either.

In this retrospective study, we did not assign the severity of the
fibrotic myopathy as there is currently no published grading system
available, either in clinical examination, or diagnostic imaging
modalities (MRI, MSK US), or histopathological evaluation. Despite
inconsistent phenotypic improvement, future studies might evaluate
the change in fiber pattern with serial MRI or MSK US of the affected
muscles to elucidate the effects of ECSWT and RT on canine
fibrotic myopathy.

Human studies have used MSK US to evaluate the outcomes of
musculoskeletal conditions following ECSWT (18, 26). In one study
regarding plantar fibromatosis, the researchers did not find significant
changes in length and width of fibroma with sonogram. Reduction in
the thickness of the lesion and long-term benefit in pain relief and
functional outcomes were noted though (18). In future veterinary
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studies, the addition of MSK US to follow changes in contracture
fibrosis size or progression is recommended.

Working dogs, including military working dogs (MWDs), other
federally owned working dogs, police working dogs, and service/guide
dogs, provide crucial functions in national defense, public safety, and
personal assistance. Maximizing longevity of their service is not just
important for the handlers/owners, but also critical for the financial
viability of the institutions. The cost of dog acquisition/training before
entering active service ranges from $15,454 to $85,000 (27-29). In a
study by Moore et al. (30), mean age at death for MWDs in active
service was 10years. The working life of the guide dog is estimated to
be 8years (28). Since fibrotic myopathy is a disease of young adult
dogs, increasing the workability of working dogs by an average of
32.1 months with the ECSWT and RT is a significant benefit for the
institutions and the handlers.

Limitations of this study are primarily related to the retrospective
nature of this case series report including incomplete and inconsistent
objective evaluations, and inconsistent rehabilitation treatments that
make meaningful comparisons challenging. Recall bias from the
owners/handlers could also influence the conclusion because the time
and causes of retirement could not be independently verified without
the official disposition records, as they are proprietary information.
Another limitation is the small number of patients that may not
represent the true demographics of the working dog population (male
dogs may simply be over-represented in this study), as well as
outcomes that may not be repeatable or be different at another
rehabilitation facility. A prospective study should be considered in the
future, especially evaluation of ECSWT as a potential definitive
treatment option for fibrotic myopathy.

Additionally, the absence of an appropriate control group
(both in terms of patient numbers and objective outcome
measures) is another significant limitation. The low incidence of
the disease (or lack of recognition) and lack of standards on
assessing workability in working dogs, contributes to the inability
of designating an appropriate control group that may conclusively
support the use of ECSWT and RT.

While our outcome measures did not demonstrate consistent
improvement among the patients, to the authors’ knowledge, there is
no standardized functional assessment for police or MWDs with
various jobs, including explosive detection and patrol. In particular,
we have no objective outcome measures that can assess or predict
when a working dog can return to full function and work duties
following injury. Recent work by Farr et al. at the Penn Vet Working
Dog Center in 2020, provides assessment of a working dog’s
foundational fitness (31). Additional studies and refinement will help
to provide better assessment as to whether a working dog can continue
to work in different functions, given they have different demands in
different jobs. Currently, the return-to-work assessment is determined
by the veterinarian, handler, and immediate supervisor (or
kennel master).

In conclusion, this retrospective case series may support the use
of ECSWT and RT for maintaining working capacity of dogs after
diagnosis of hindlimb fibrotic myopathy; however, further studies
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Objectives: Our aim was to determine risk factors for developing stifle injuries
in canine agility athletes. We hypothesized that increased weight, increased
frequency of competing, and greater number of runs/day would increase risk.

Study design: Internet based survey, n=4,197.

Methods: Individuals with at least one dog who had competed in agility in the
past 3years were eligible. Injury history was defined as an injury to the stifle
that kept the dog from participating in agility for >1 week. Logistic regression
models were used to estimate associations between variables of interest and
injury history.

Results: Handlers of 216 dogs reported a history of injury. The majority were
cranial cruciate ligament (CCL) injury (101/216), and patella luxation (40/216). In
the final model, five variables were independently associated with odds of stifle
injury (in addition to age). Heavier dogs (adjusted for height), Border Collies,
male dogs neutered <10 months, female dogs spayed before their first heat
cycle, handlers aged 18-24, and teeter contact behavior were associated with
increased risk.

Conclusion: Heavier dogs were more likely to report injury, but there was no
association with injury and increased number of competition days, or runs/day.
The Border Collie breed was at the highest risk of injury. There was substantial
risk for stifle injury with early spay/neuter. Additionally, a significant increase in
risk of injury was reported for younger (18-24) vs. older handlers (65+). Athlete
fitness level, conformation, and genetic predisposition to injury may play the
most significant role in the development of injury.

KEYWORDS

agility, canine, stifle injury, risk factor, canine athlete

1 Introduction

Canine agility is a highly physical sport with frequent abrupt turns taken at high speed,
coupled with running and jumping, and the need to navigate obstacles that change in elevation.
Courses include numerous obstacles that dogs must complete, with the goal of completing the
course in the shortest time with no errors. The physical demands of these activities place
significant stress on the dog’s musculoskeletal system, particularly on the joints. Injury rates
of up to 42% have been reported in the literature for dogs competing in agility (1-5). Thoracic
limb injury is most commonly reported including injury to the shoulder and paws (1-3).
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However, one study reported pelvic limb injuries to be more common
than thoracic limb injuries (4).

One of the most common debilitating orthopedic injuries an
athlete can suffer is a knee injury. In humans, injury is often suffered
during athletic events that require similar lateral cutting motions such
as dogs undergo while competing in agility. Stifle injury in dogs
competing in agility has been reported as high as 13% of injuries in
one study (1), and 10% in another, with over 75% of these being
classified as severe (6).

Stifle disease is a significant health concern for agility dogs,
particularly if the injury is to the cranial cruciate ligament (CCL), as
it is documented that these dogs have a low chance of returning to
sport (7). Treatment of CCL disease is also costly financially to the
handler/owner and carries with it a significant loss of competition
time. Given the impact that injury to the stifle can have on a dog’s
agility career, our aim was to evaluate risk factors associated with
developing stifle injury while participating in canine agility
competitions. We hypothesized that increased weight, along with
increased frequency of competing and increased number of runs per
day of competition would increase risk of stifle injury.

2 Materials and methods

2.1 Study design

An internet-based survey, in English, was distributed via the
internet with approval by the institutional review board at The Ohio
State University using Qualtrics survey software (Qualtrics; Provo,
UT). Specifics of this survey and results were previously published (1,
8). Briefly, individuals with at least one dog who had competed in
agility in the past 3 years were eligible to complete the survey.

Stifle injury history was defined as an injury to the stifle that kept
the dog from participating in agility for over a week. All participating
owners were asked several questions about demographic variables (for
handler and dog), training variables (e.g., age starting training each
obstacle, method used for training contact and weave obstacles,
trained contact obstacle behavior), and competition history (frequency
of competing, runs per competition day, frequency of national and
international competition, and frequency of competing on various
surfaces). Owners reporting a stifle injury were asked additional
follow up questions regarding the injury.

2.2 Statistical analysis

Statistical analysis was performed with commercially available
software (Stata version 15.1, StataCorp, College Station, TX). Logistic
regression models were used to estimate possible associations between
variables of interest and stifle injury history. All models were adjusted
for dog age to account for differences in exposure time for injury
history. For the three pre-specified variables of interest (height and
weight together, number of competition weekends per year, and
typical number of runs per day), we tested each for an association in
models that only adjusted for dog age. Given the lack of information
on risk factors for stifle injury in the literature, we also considered a
broader set of candidate variables via a stepwise model building
process. All candidate variables were first assessed for univariate
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association with injury; variables significant at p <0.20 were kept for
future model building. Then three models were built via backward
selection using blocks of variables (demographic, training, and
competition factors). Variables that were significant in the stepwise
model building at p<0.20 were kept for consideration in the final
model. The final model was built via backward selection until all
included variables were associated with injury at p <0.05.

3 Results

Complete demographic data related to this study population has
been previously published (1). The most common breeds represented
were Border Collie (n=1,052), mixed breed (n=616), and Australian
Shepherd (n=312). Mean age of the dogs at the time of survey was
6.3+2.6years.

Of the 4,197 dogs in the sample, 216 (5.2%) had a history of stifle
injury. Nearly half (46.8%) of dogs reporting a stifle injury reported a
cranial cruciate ligament (CCL) rupture (101/216). Other stifle
injuries reported by more than 5 dogs were: medial luxating patella
(26, 12.0%), arthritis (16, 7.4%), lateral luxating patella (14, 6.5%),
medial collateral ligament sprain (13, 6.0%), lateral collateral ligament
sprain (12, 5.6%), and caudal cruciate rupture (6, 2.8%). The exact
diagnosis was reported to be unknown for 37 dogs (17%). Owners
reported that they knew or suspected the injury occurred in
competition or practice for 30% of dogs (65/214), while 45% (n=97)
said it did not and 24% (n=52) were unsure. These percentages were
nearly identical for the 101 CCL rupture injuries reported: 32%
(32/101) in competition or practice; 46% (46/101) not in competition
or practice, and 23% (23/101) were unsure.

In models adjusting only for dog age, body characteristics
(height and weight) were associated with stifle injury risk, with
heavier dogs (of the same height) having a higher odds of stifle
injury (OR: 1.27 per 10 pounds (4.5 kilograms) heavier; 95% CI:
1.12 to 1.44) and taller dogs (of the same weight) having lower
odds of stifle injury (OR: 0.73 per 4 inches (10.2 centimeters)
shorter; 95% CI: 0.59 to 0.91). Number of trial weekends per year
was not associated with odds of stifle injury (p=0.99) with all
groups (<5 weeks per year up to 26+ weekends per year) having
similar odds of injury. Similarly, number of runs per trial day was
not associated with odds of stifle injury (p =0.46).

In the final model built via stepwise selection (Table 1; Figure 1),
five variables were independently associated with odds of stifle injury
(in addition to age). Body characteristics (height and weight) were
associated with stifle injury, with taller dogs having lower odds of
developing a stifle injury and heavier dogs (adjusted for height) having
increased odds of injury. The other four variables in the final model
were breed, spay/neuter status, handler age, and teeter contact
behavior. Among breeds, Border Collies were at higher risk and there
were minimal differences noted among other breed groups. Male dogs
neutered before 10 months and female dogs spayed before their first
heat cycle had markedly higher reported rates of stifle injury compared
to all other sex/neuter groups that had generally similar odds of stifle
injury. There was a notable decrease in odds as handler age increased,
with the highest odds of injury observed among dogs of the youngest
handlers (18-24) and the lowest among dogs of handlers aged 65 years
and older (OR: 0.35). For the teeter contact, dogs that were either not
trained to perform a specific behavior at the end of the teeter or dogs
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TABLE 1 Odds ratios from final model built using stepwise selection.

Adjusted OR final p-value
model
Dog Age (per 1year older) 1.19 (1.13, 1.25) <0.0001
Height & Weight <0.0001
Height (per 4 in (10.2cm) 0.61 (0.47, 0.80)
taller)
Weight (per 10 Ibs. (4.5kg) 1.39 (1.20, 1.60)
heavier)
Breed 0.029
Border Collie 1.63 (1.10, 2.40)
Mixed Breed 0.76 (0.46, 1.24)
Shetland Sheepdog 0.92 (0.46, 1.86)
Australian Shephard 0.72 (0.36, 1.43)
Other REFERENCE
Sex 0.0001
Male, Intact REFERENCE
Female, Intact 1.26 (0.63, 2.50)
Male, Neutered
<10 months 2.32(1.27,4.26)
Male, Neutered 10-
18 months 1.08 (0.57, 2.05)
Male, Neutered
>24 months 0.89 (0.45, 1.78)
Female, Spayed <1 cycle 2.81(1.62,4.88)
Female, Spayed 1 cycle 1.27 (0.64, 2.53)
Female, Spayed >1 cycle 1.11 (0.60, 2.05)
Handler current age 0.041
18-24 REFERENCE
25-34 0.92 (0.43, 1.96)
35-44 0.89 (0.42, 1.87)
45-54 0.78 (0.37, 1.63)
55-64 0.71 (0.35, 1.46)
65+ 0.35(0.15, 0.80)
Teeter contact 0.039
2on2 off REFERENCE
4 on (down) 0.95(0.51, 1.75)
4 on (standing) 0.86 (0.59, 1.25)
No specific behavior 0.34 (0.13, 0.86)
Other 0.30(0.11, 0.83)

performing a different behavior than the most common training
options, had lower risk of reporting a history of stifle injury.

4 Discussion

While we found the expected association between heavier dogs
and stifle injury history, there was no association with report of injury
and an increased number of competition days, or runs per day.
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Therefore, our hypothesis was partially accepted. The lack of
association of increased injury risk with increased number of
competition days and/or runs may indicate that there truly is no
association with increased agility-specific activity and stifle injury. It
could also be a reflection of overall training load. If a dog trains
substantially but does not compete often, their overall time under load
could be similar to a dog that trains little but competes frequently.
Prospective training data would need to be collected over the duration
of a dog’s competitive lifespan to elucidate such information. Our
group has previously evaluated the effect of training load on injury
risk and found that dogs who train very little, or for >120h per week
had a higher risk of developing injury than dogs who trained an
intermediate amount (9). However, this study evaluated overall risk of
injury while competing in agility, not specific types of injury. The lack
of association observed between increased injury risk and number of
competition days may also reflect a scenario in which dogs who are
not as fit, or have had a stifle injury, are not entered into as many
competitions or runs during competition by their handler as
compared to those dogs who are healthy. Without training data, and
prospective evaluation of fitness levels, we cannot assess these factors.

In the adjusted model, the Border Collie breed was at the highest
risk of reporting stifle injury as compared to other breeds, with no
other common agility breed (Australian Shepherd, Shetland Sheepdog,
or mixed breed) showing an increased risk of injury. Border Collies
competing in agility have been previously reported as having a higher
risk factor of injury overall (1). In a previous report evaluating CCL
injury risk in the general population, Border Collies were the 29th
most common breed to report CCL injury (10). There is likely
geographic variability in injury given that Engdahl found Boerboel’s
and Dogo Canario to have the highest rate of development of CCL
injury in Sweden (11). We were unable to specifically evaluate risk for
breeds known to be considered high risk for CCL injury (10) as they
were not highly represented in this survey. Therefore, it is possible, due
to the sample size for some of these breeds (i.e., Labrador Retriever),
that we were unable to capture a significant increase in risk in these
populations. Furthermore, we evaluated overall stifle risk injury, not
only CCL injury.

Further study is needed into why Border Collies competing in
agility may be at a higher risk of developing stifle injury including
CCL injury than the general population of Border Collies. It may
be related to genetics of the breed, breed conformation, or their speed
and high drive during competitions, which have become even more
complex and challenging over time. Contrary to our finding here that
the Border Collie is at higher risk for developing stifle disease, a recent
publication evaluating risk factors associated with CCL injury in
agility dogs did not find the Border Collie to be at a higher risk for
injury than other breeds (12). Our finding of increased risk for Border
Collies developing stifle injury was especially high after adjusting for
dog height and weight when compared to other breeds evaluated. This
adjustment was not done in the Sellon et al. study (12), which could
also explain the differences seen between these two studies. Again, our
study assessed risk for all types of stifle injury, of which CCL injury
was the highest reported injury, but this difference could also account
for the increased risk found here.

The majority of stifle injuries reported here were CCL injuries,
which pose a substantial potential loss of career for these athletes, as
only 65% of agility dogs return to sport following tibial plateau
leveling osteotomy (TPLO) surgery for treatment of CCL injury (7).
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FIGURE 1
Graphical display of the odds ratios for history of stifle injury from the final model built using stepwise selection.

In human medicine a higher percentage of patients are reported to
return to sport at 80% following anterior cruciate ligament (ACL)
reconstruction surgery. However, only 65% of them return to their
pre-injury level of performance and only 55% return to a competitive
level of sport (13). This is despite studies showing that dogs undergoing
TPLO have a return to near normal ground reaction forces as soon as

Frontiers in Veterinary Science

150 days after surgery (14, 15). Therefore, it is unknown why dogs may
not return to competition despite returning to “normal” function as
evaluated by force plate. Given these data, clients should be warned
that when CCL injury is sustained, return to sport, particularly return
to highly competitive levels of sport, may not be possible. Setting
appropriate expectations early in the process of recovery should
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improve clinician-client relationships. It is currently unknown why
such a low percentage of dogs return to sport. This could indicate that
competitive agility dogs do not have the standard expected outcome
with the stabilization technique elected, or it may be the handler’s
choice to no longer compete with that dog following injury and
treatment, as opposed to the dog’s lack of physical ability to perform
agility activities. Furthermore, we do not know what degree of
osteoarthritis these dogs had, nor what their meniscal status was, both
of which likely play a role in ability to return to full competitive level
of agility. We also cannot determine based on the survey data collected
what the nature of the CCL injury in terms of a possible traumatic tear
vs. the more commonly sustained degenerative injury to which dogs
are prone. Histopathology of the CCL would be required to determine
the ultimate cause of injury, and this is not commonly performed.

It may be that conformation and genetic predisposition to CCL
injury play the most significant role in the development of this injury
(16). In human ACL injury, the most common mechanism of injury
is sudden pivoting or cutting maneuver which often occur during
sports such as soccer, basketball, and football. Non-contact injury is
also reported, with risk factors associated with tearing of the ACL
including sex (female > male), and numerous bone morphologic
characteristics such as lateral femoral condylar ratio, notch width
index, and lateral posterior tibial slope (17). In dogs, one study found
an association between tibial anatomical-mechanical axis angle and
CCL injury (18). Due to the nature of this survey, conformational and
genetic factors were not able to be assessed. The survey did ask
whether the injury was thought to have occurred during competition
or training, with approximately 30% of owners reporting that the
injury (either CCL or other) occurred during agility training or
competition. However, the complex etiology of CCL disease
specifically makes it challenging to determine whether stifle injuries
reported during training and competition were truly acute, traumatic
injuries, or progression of previous chronic partial tears that were a
result of other underlying risk factors. A study evaluating the cause of
CCL injury in field trial dogs found owners to be inaccurate in their
understanding of and assessment of how the injury occurs (i.e.,
traumatic vs. degenerative) (19). Therefore, we cannot say if any of the
injuries reported were truly traumatic while actively participating
during agility, or in fact whether they might have occurred regardless
of the dog’s participation in agility activities. For instance, dogs that
sustained a CCL injury may have done so even without participation
in agility at all during their lifetimes.

An increased risk of stifle injury with increased body weight was
identified. Sellon and Marcellin-Little, also reported an association
between increasing dog weight and CCL injury in a population of
agility dogs (12). Obesity has been found to be associated with CCL
injury (10, 20-22), and obesity is more common in neutered dogs (6).
Heavier weight, as adjusted for height, was found to be a risk factor for
injury in this survey, which may support those previous findings (13).
Athlete fitness level may also play a substantial role in the development
of CCL injury. Sellon and Marcellin-Little reported that agility dogs
performing routine core strength and balance exercises had lower risk
of reported CCL injury (12). Muscle activation has been proposed as
a contributing factor to the development of CCL injury in dogs (23),
as well as humans (24).

Early spay/neuter was associated with a substantial increase in risk
for stifle injury. Previous reports have suggested that early spay/neuter
may increase risk of CCL injury (10, 20, 21), and the majority of stifle
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injuries reported here were CCL injury, which may have helped drive
this result. Previous reports have also shown an overall increased risk
in the development of orthopedic disease in larger dogs with early
spay/neuter (25). Given the small number of other injuries reported,
we were unable to statistically evaluate CCL injury as compared to
other stifle injuries to better assess which risk factors are most
associated with which specific stifle injuries. This should
be prospectively studied in the future to determine if the risk factors
reported here influence specific stifle injuries (CCL vs. patella vs.
other). Ultimately, additional prospective work is needed to best assess
what factors may decrease risk of developing CCL injury in agility
dogs including whether targeted strengthening programs may help
prevent CCL and stifle injury in general in dogs.

Similar to previous studies (26, 27), we found a significant
increase in risk of injury history in dogs with younger handlers
(18-24) as compared to older handlers (particularly 65+). Younger
handlers are likely to be less experienced and may not be as precise
with their handling, which could result in more reactionary
movements from the dog, such as more sudden changes in speed and
turning. It is also possible that they may have started agility as a
hobby with their pet dog, who may not be the fittest or
conformationally sound and thus be more prone to injury.
Additionally younger handlers may not pick up on subtle signs of
injury as well as older, more experienced handlers, therefore allowing
their dog to continue competing and ultimately leading to progression
of injury. The finding that dogs either not trained to perform a
specific behavior at the end of the teeter, or dogs performing a
different behavior than the most common options, have a lower risk
for reporting a history of stifle injury may be related to handler
experience, particular training techniques, or specific biomechanical
forces incurred during teeter performance.

Inherit limitations of a survey include potential inaccuracies due
to participant recall and handler-reported data without confirmation
by a veterinarian. Self-selection bias may also result in the sample
selection not being representative of the total agility dog population.
Furthermore, we were unable to assess risk factors for specific stifle
injuries due to small numbers reported here. Lastly, while injuries are
reported in dogs performing agility, we could not elucidate whether
the injuries occurred specifically due to agility training or competition
or occurred secondary to performing agility. The injuries might have
occurred in these dogs regardless of whether they actively participated
in agility or not.

This survey provides insight into potential risk factors associated
with all stifle injuries in agility athletes. The potential risk for stifle
injury with early spay/neuter should be further explored. While
we have begun to have a better understanding of musculoskeletal
injuries due to increased availability of advanced imaging, there
remains a lack of understanding of the kinetics and kinematics of dogs
participating in sport, and how it relates to injury risk. Such studies
are needed to enable us to make appropriate recommendations for
prevention of injury. This particularly true regarding CCL injury given
its significant impact on athletic capabilities following injury.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/fvets.2024.1335939
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Kieves et al.

Author contributions

NK: Conceptualization, Investigation, Methodology, Project
administration, Supervision, Writing - original draft, Writing -
review & editing. AS: Data curation, Formal analysis, Methodology,
Writing - review & editing. AM: Data curation, Formal analysis,
Methodology, Writing - review & editing, Investigation,
Project administration.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Pechette Markley A, Shoben AB, Kieves NR. Internet-based survey of the frequency
and types of orthopedic conditions and injuries experienced by dogs competing in
agility. ] Am Vet Med Assoc. (2021) 259:1001-8. doi: 10.2460/javma.259.9.1001

2. 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.
(2009) 22:321-4. doi: 10.3415/VCOT-08-09-0089

3. Kerr ZY, Fields S, Comstock RD. Epidemiology of injury among handlers and dogs
competing in the sport of agility. ] Phys Act Health. (2014) 11:1032-40. doi: 10.1123/
jpah.2012-0236

4. Evanow JA, Van Deventer G, Dinallo G, et al. Internet survey of participant
Demogrpahics and risk factors for injury in competitive agility dogs. VCOT Open.
(2021) 4:92-8. doi: 10.1055/s-0041-1735843

5. Inkild L, Hyytidinen HK, Hielm-Bjorkman A, Junnila J, Bergh A, Bostrom 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. doi: 10.3390/ani12030227

6. Cullen KL, Dickey JP, Bent LR, Thomason JJ, Moéns NMM. Internet-based survey of
the nature and perceive causes of injury to dogs participating in agility trianing and
competion events. ] Am Vet Med Assoc. (2013) 243:1010-8. doi: 10.2460/javma.243.7.1010

7. Heidorn SN, Canapp SO Jr, Zink CM, et al. Rate of return to agility competition for
dogs with cranial cruciate ligament tears asscoiated with tibial plateau leveling
osteotomy. ] Am Vet Med Assoc. (2018) 253:1439-44. doi: 10.2460/javma.253.11.1439

8. Pechette Markley A, Shoben AB, Kieves NR. Internet survey of risk factors
associated with training and competition in dogs competing in agility competitions.
Front Vet Sci. (2022) 8:791617. doi: 10.3389/fvets.2021.791617

9. Pechette Markley A, Shoben AB, Kieves NR. Training load and relationship to
injury risk in dogs competing in agility competitions. VCOT Open. (2023) 6:A1-Al1.
doi: 10.1055/s-0043-1768902

10. Witsberger TH, Villamil JA, Schultz LG, Hahn AW, Cook JL. Prevelance of and
risk factors for hip dysplasia and cranial cruciate ligmaent deficiency in dogs. ] Am Vet
Med Assoc. (2008) 232:1818-24. doi: 10.2460/javma.232.12.1818

11. Engdahl K, Emanuelson U, Héglund O, Bergstrom A, Hanson J. The epidemiology
of cruciate ligament rupture in an insured Swedish dog population. Sci Rep. (2021)
11:9546. doi: 10.1038/s41598-021-88876-3

12. Sellon DC, Marcellin-Little DJ. Risk factors for cranial cruciate ligament rupture
in dogs participating in canine agility. BMC Vet Res. (2022) 18:39. doi: 10.1186/
s12917-022-03146-2

13. Ardern CL, Taylor NF, Feller JA, Webster KE. Fifty-five per cent return to
competitive sport following anterior cruciate ligament reconstruction surgery: an
updated systematic review and meta-analysis including aspects of physical functioning
and contextual factors. Br ] Sports Med. (2014) 48:1543-52. doi: 10.1136/
bjsports-2013-093398

14. Amimoto H, Koreeda T, Wada N. Evaluation of recovery of limb function by use
of force plate gait analysis after tibial plateau leveling osteotomy for management of dogs

Frontiers in Veterinary Science

26

10.3389/fvets.2024.1335939

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

with unilateral cranial cruciate ligament rupture. Am J Vet Res. (2019) 80:461-8. doi:
10.2460/ajvr.80.5.461

15. Krotscheck U, Nelson SA, Todhunter R], Stone M, Zhang Z. Long term functional
outcome of Tibial tuberosity advancement vs. Tibial plateau leveling osteotomy and
extracapsular repair in a heterogeneous population of dogs. Vet Surg. (2016) 45:261-8.
doi: 10.1111/vsu.12445

16. Baird AE, Carter SD, Innes JE Ollier WE, Short AD. Genetic basis of cranial
cruciate ligament rupture (CCLR) in dogs. Connect Tissue Res. (2014) 55:275-81. doi:
10.3109/03008207.2014.910199

17. Choi NH, Lee DM, Victoroff BN. Bone morphological characteristics as risk
factors for anterior cruciate ligament injury: comparison between contact and
noncontact injury. Orthop ] Sports Med. (2023) 11:23259671231179757. doi:
10.1177/23259671231179757

18. Guénégo L, Payot M, Charru P, Verwaerde P. Comparison of tibial anatomical-
mechanical axis angle between predisposed dogs and dogs at low risk for cranial cruciate
ligament rupture. Vet J. (2017) 225:35-41. doi: 10.1016/j.tvjl.2017.04.011

19. Hynes J, Manfredi JM, Shull SA. Cranial cruciate ligament disease is perceived to
be prevalent and is misunderstood in field trial sport. ] Am Vet Med Assoc. (2023):1-6.
doi: 10.2460/javma.23.01.0004

20. Duval JM, Budsberg SC, Flo GL, Sammarco JL. Breed, sex, and body weight as risk
factors for rupture of the cranial cruciate ligament in young dogs. ] Am Vet Med Assoc.
(1999) 215:811-4. doi: 10.2460/javma.1999.215.06.811

21. Spinella G, Arcamone G, Valentini S. Cranial cruciate ligament rupture in dogs:
review on biomechanics, Etiopathogenetic factors and rehabilitation. Vet Sci. (2021)
8:186. doi: 10.3390/vetsci8090186

22. Santarossa A, Gibson TWG, Kerr C, Monteith GJ, Durzi T, Gowland S, et al. Body
composition of medium to giant breed dogs with or without cranial cruciate ligament
disease. Vet Surg. (2020) 49:1144-53. doi: 10.1111/vsu.13434

23. Adrian CP, Haussler KK, Kawcak C, Reiser RF 2nd, Riegger-Krugh C, Palmer RH,
et al. The role of muscle activation in cruciate disease. Vet Surg. (2013) 42:765-73. doi:
10.1111/j.1532-950X.2013.12045.x

24.Bencke J, Aagaard P, Zebis MK. Muscle activation during ACL injury risk
movements in young female athletes: a narrative review. Front Physiol. (2018) 9:445. doi:
10.3389/fphys.2018.00445

25. Hart BL, Hart LA, Thigpen AP, Willits NH. Assisting decision-making on age of
neutering for mixed breed dogs of five weight categories: associated joint disorders and
cancers. Front Vet Sci. (2020) 7:472. doi: 10.3389/fvets.2020.00472

26. Cullen KL, Dickey JP, Bent LR, Thomason JJ, Moéns NM. Survey-based analysis
of risk factors for injury among dogs participating in agility training and competition
events. ] Am Vet Med Assoc. (2013) 243:1019-24. doi: 10.2460/javma.243.7.1019

27.Sundby AE, Pechette Markley A, Shoben AB, Kieves NR. Internet survey

evaluation of demographic risk factors for injury in canine agility athletes. Front Vet Sci.
(2022) 9:869702. doi: 10.3389/fvets.2022.869702

frontiersin.org


https://doi.org/10.3389/fvets.2024.1335939
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.2460/javma.259.9.1001
https://doi.org/10.3415/VCOT-08-09-0089
https://doi.org/10.1123/jpah.2012-0236
https://doi.org/10.1123/jpah.2012-0236
https://doi.org/10.1055/s-0041-1735843
https://doi.org/10.3390/ani12030227
https://doi.org/10.2460/javma.243.7.1010
https://doi.org/10.2460/javma.253.11.1439
https://doi.org/10.3389/fvets.2021.791617
https://doi.org/10.1055/s-0043-1768902
https://doi.org/10.2460/javma.232.12.1818
https://doi.org/10.1038/s41598-021-88876-3
https://doi.org/10.1186/s12917-022-03146-2
https://doi.org/10.1186/s12917-022-03146-2
https://doi.org/10.1136/bjsports-2013-093398
https://doi.org/10.1136/bjsports-2013-093398
https://doi.org/10.2460/ajvr.80.5.461
https://doi.org/10.1111/vsu.12445
https://doi.org/10.3109/03008207.2014.910199
https://doi.org/10.1177/23259671231179757
https://doi.org/10.1016/j.tvjl.2017.04.011
https://doi.org/10.2460/javma.23.01.0004
https://doi.org/10.2460/javma.1999.215.06.811
https://doi.org/10.3390/vetsci8090186
https://doi.org/10.1111/vsu.13434
https://doi.org/10.1111/j.1532-950X.2013.12045.x
https://doi.org/10.3389/fphys.2018.00445
https://doi.org/10.3389/fvets.2020.00472
https://doi.org/10.2460/javma.243.7.1019
https://doi.org/10.3389/fvets.2022.869702

& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Heidi Reesink,
Cornell University, United States

REVIEWED BY

Sara Connolly,

University of lllinois at Urbana-Champaign,
United States

Janice L. Huntingford,

Chi University, United States

Matthew Warren Brunke,

Veterinary Referral Associates, United States

*CORRESPONDENCE
Cristina M. Hansen
cmhansen@alaska.edu

RECEIVED 15 December 2023
ACCEPTED 31 January 2024
PUBLISHED 27 February 2024

CITATION

Hattendorf JC, Davis MS and

Hansen CM (2024) Evaluating injuries and
illnesses that occurred during the Yukon
Quest International sled dog race,
2018-2020.

Front. Vet. Sci. 11:1356061.

doi: 10.3389/fvets.2024.1356061

COPYRIGHT

© 2024 Hattendorf, Davis and Hansen. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Veterinary Science

Frontiers in Veterinary Science

TYPE Original Research
PUBLISHED 27 February 2024
pol 10.3389/fvets.2024.1356061

Evaluating injuries and illnesses
that occurred during the Yukon

Quest International sled dog race,
2018-2020

Jenna C. Hattendorf?, Michael S. Davis? and
Cristina M. Hansen3*

!College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins, CO,
United States, 2Department of Physiological Sciences, College of Veterinary Medicine, Oklahoma
State University, Stillwater, OK, United States, *Department of Veterinary Medicine, College of Natural
Science and Mathematics, University of Alaska Fairbanks, Fairbanks, AK, United States

Introduction: The purpose of this study was to evaluate medical record data
from the 2018-2020 Yukon Quest International Sled Dog race to examine
injury patterns and risk factors for dogs competing in multi-day ultra-endurance
events. Specifically, we summarized injuries and illnesses that resulted in canine
athletes being removed ("dropped”) from competition, and in orthopedic injuries
diagnosed in both dropped and finished dogs.

Methods: The records of 989 dogs that started the race were examined, but
only records from dogs in teams that went on to finish the race were included,
for a total of 711 records.

Results and discussion: Three hundred and sixty five dogs (51.3%) were noted to
have at least one abnormal finding in their veterinary medical record during the
race. Orthopedic injuries were most common, and 291 injuries were ultimately
diagnosed in 234 dogs (32.9%). Ultimately, 206 dogs (29%) were dropped from
competition, for any reason. The most common reasons for dropping dogs were
orthopedic injuries (156 dogs; 188 injuries), gastrointestinal illness (22 dogs), and
cardiorespiratory disease (7 dogs). Most orthopedic injuries in dropped dogs
occurred in the thoracic limb (n = 121 dogs; 151 injuries). Of those, injuries to
the shoulder were most common (n = 77), followed by injuries to the carpus
(n = 59), and injury to the pelvic limb (n = 32). Carpal injuries were the most
prevalent injury diagnosed in dogs that went on to finish the race (71 of 85
injuries). Carpal injuries were the most prevalent injuries overall in 2018 (51%)
and 2019 (52%). In 2020, shoulder injuries were most prevalent (27%), suggesting
that trail conditions may have differed between years. The majority of dogs with
an orthopedic injury ultimately were removed from competition (156 of 234, or
66.6%), but the likelihood of finishing the race with an injury depended on the
type of injury sustained; 71 of 130 dogs (54.6%) with a carpal injury went on to
finish the race, whereas only 9 of 86 dogs with a shoulder injury (10.5%) went
on to finish. The results of this study can assist mushers and veterinarians in
preparing for races, and in decision making during endurance sled dog races.

KEYWORDS

Yukon Quest, orthopedic injuries, sled dog, dog mushing, canine sports medicine,
veterinary medicine, canine orthopedic injuries, sled dog race
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Introduction

Ultra-endurance sled dog racing consists of teams of 12-16 dogs
competing on wilderness trails over distances from 300-1,000 miles.
These races last 2-12 days, during which time the teams pass through
multiple checkpoints staffed by race officials and veterinarians. Dogs
are examined at these checkpoints, and dogs are removed from the
team (“dropped”) if the musher and/or veterinarian determine that
the dog is unfit to continue in the race due to illness or injury. Typical
race rules state that dogs cannot be replaced during a race; thus,
dropping a dog results in a smaller team with less pulling power. In
some instances, entire teams will elect to voluntarily withdraw or
“scratch” from the race if circumstances suggest that continuing in the
race is unlikely to be beneficial.

Several studies have been conducted to characterize the types of
illnesses and injuries that occur in dogs during ultra-endurance racing.
Von Pfiel et al. (1) documented orthopedic injuries sustained by
dropped dogs during the 2011 Iditarod and associated injuries with
various risk factors, including traveling speed and age. They
documented that 43.3% of dropped dogs were dropped due to forelimb
lameness, and 7.3% for hindlimb lameness, however this paper did not
include data from dogs that finished the race. Many dogs (anecdotally,
for example, those with carpal injuries) are diagnosed with mild to
moderate orthopedic injuries, receive treatment and care on the trail,
and are able to finish the race. One study did analyze records from both
dropped and finished dogs competing in the Yukon Quest (2). That
study characterized lameness as shoulder, carpal, or nonspecific, and
examined records from 6 undefined locations during the race. That
study documented forelimb lameness in 13.9% of all dogs (dropped
and finished) competing in the Yukon Quest, but did not include a
hindlimb lameness category. They also included diarrhea, cough, and
“other disorder” reason for documenting dogs, but did not include
other gastrointestinal or cardiorespiratory categories.

These previous studies provide a foundation for characterizing the
types of illnesses and injuries that develop during ultra-endurance sled
dog racing, but fail to provide a complete description of the risk
factors for injury or for being dropped from a race. Therefore, the
purpose of this study was to quantify and characterize the total
number of orthopedic injuries and other illnesses incurred by all dogs
competing in an ultra-endurance sled dog race, and also to examine
the risk factors for dogs being dropped from that race in the hopes
that this information will aid veterinarians who work with athletic
dogs make decisions about their care.

Methods

Veterinary medical record (hereafter “vet book”) data from 1,101
canine athletes that participated in the 1,000-mile Yukon Quest
between 2018 and 2020 were compiled and analyzed. Each musher is
allowed to have up to 16 dogs examined at pre-race veterinary checks,
though they are allowed to start with 14 dogs. This provides them with
2 alternate dogs, should a dog incur an injury/illness in the weeks
prior to the race start. During the race, mushers carry these vet books
with them in their sleds as part of their mandatory gear. Upon arrival
to each checkpoint, veterinarians read them and can follow-up with
the health of individual dogs, and make entries about new exam
findings in dogs.
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The Yukon Quest Veterinary Team generally consists of 12
veterinarians and some veterinary support staff. Most of the
veterinarians are general practitioners with an interest in working
dogs, some are specialists in various fields, including sports medicine.
Because of varying skill in the ability to diagnose orthopedic disease
and the lack of diagnostic equipment on the trail, an exact cause of
lameness is not always identified and vet book detail is sometimes
lacking; i.e. some records state specifically that a shoulder is painful
on extension vs. flexion or narrow the diagnosis to a particular musle,
tendon, or joint. Some records simply state something akin to
“shoulder injury” Therefore, we did not categorize injury beyond joint
in this paper.

For this study, a database was created and managed in Microsoft
Excel that consisted of each athlete’s signalment, weight, body
condition score (BCS) pre-race vital signs (temperature, pulse,
respiratory rate) and physical examination findings, team notes,
checkpoint physical examination findings, and the final disposition
(finished, dropped, part of a scratched team, expired) of each dog.

Each dog’s record was evaluated for the presence of an injury
or illness that was mentioned at more than one checkpoint
(indicating a persistent problem), required veterinary care, or
caused the athlete to drop out of the race. These injuries were
sorted into five categories: orthopedic, gastrointestinal (GI)
disease/inappetence, cardiorespiratory disease, exertional
rhabdomyolysis or other illness/injury. “Other Illness/Injury”
included injuries or illnesses that occurred that did not fit the
other categories, such as frost bite, harness rubs, and dogfight or
other wounds. We also assigned a location of drop for each dog
based on race quarter. Since the race alternates directions
(Fairbanks to Whitehorse in even numbered years, and
Whitehorse to Fairbanks in odd-numbered years), we cannot
directly compare dogs dropped at each checkpoint. We divided the
race into quarters based on milage as follows. In Fairbanks start
years (even-numbered years): quarter 1 is from Fairbanks to
Circle City (216 miles), quarter 2 is from Circle City to Dawson
City (310 miles), quarter 3 is from Dawson City to Pelly Crossing
(210 miles), and quarter 4 is from Pelly Crossing to Whitehorse
(250 miles). In Whitehose start years (odd years) those quarters
are reversed (Figure 1).

All statistical analyses were performed using R (3). Descriptive
statistics (mean and standard deviation for continuous data, counts
for categorical data) were calculated. We performed tests of equal
proportions to determine whether the proportion of illnesses and
injuries were different between years, and whether the location of
dropped dogs (divided into race quarter) varied by year. Risk factors
for individual dogs developing injuries or being dropped were assessed
by fitting general linear models. Independent variables included
demographic/trail factors (age, race direction, etc.) and dog illness/
injury factors. Two models were evaluated: one assessing the affect of
demographic/trail factors on the likelihood that a dog will develop an
injury or be dropped from the race, and a second assessing whether
or not dog illness/injury factors increase likelihood of being dropped.
We did not include year and race direction in the same model, as those
are directly related (in odd-numbered years the race direction is East
to West, and vice versa). We further divided injuries into categories to
determine which most likely would result in a dog being dropped.
We only included dogs from teams that finished the race (i.e.,
excluding dogs that were dropped from teams that would go on to
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FIGURE 1

A map of the Yukon Quest trail superimposed over its elevation profile. The race alternates directions and starts in Fairbanks, AK (USA) in even-
numbered years and in Whitehorse, YT (Canada) in odd-numbered years, so we cannot compare data checkpoint to checkpoint. We divided the race

into quarters, as shown, to determine where dogs are likely to be dropped.

scratch or be withdrawn) in our analysis. An independent variable
with p<0.05 was considered significant.

Demographics

One thousand one hundred and one (1101) dogs were examined
at pre-race veterinary checks, which occur in the 2-weeks prior to the
race start. 989 went on to start the race. We excluded records of dogs
from teams that went on to scratch from the race, or were disqualified
or withdrawn (278 dogs). The records from 711 dogs that started the
race and were from teams that went on to finish were included in our
analysis. The demographics (breed, age, sex, weight) of dogs included
in this study are shown in

Incidence of injuries

A total of 365 (51.3%) dogs experienced some type of injury or
illness during the race. Two-hundred and six of those injured/ill
athletes (56.4%) eventually dropped out of the race. In 2018, a total of
26.6% of dogs were dropped from the race (48 of 181); in 2019, 32%
(121 of 378); and in 2020, 24.2% (37/153). These proportions were not
statistically different between years (p=0.14). The three most common
reasons for dropping dogs during all 3 years analyzed were orthopedic
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injuries (156 dogs), GI illness or anorexia (22 dogs), and
cardiorespiratory illness (7 dogs; ).

Among all dogs (those that finished and those that were dropped),
orthopedic injuries were the most prevalent diagnosis in each year of
the race (26.5% of dogs that started in 2018, 39.4% of dogs that started
in 2019, and 24.2% of dogs that started in 2020), and most common
reason for dropping dogs each year (32 dogs, 97 dogs, and 27 dogs,
respectively). The overall number of orthopedic injuries diagnosed in
all dogs is different between years (p=0.0004).

The most common site of orthopedic injury in all dogs (dropped
). In 2018 and 2019, the
largest proportion of injuries occurred in the carpal joint, at 50.9 and

and finished) varied year to year (

52%, respectively. In 2020, however, relatively more shoulder injuries
(27%) than carpal injuries (19%) occurred. The proportion of carpal
injuries among all dogs varied between years (p=0.00002). The
proportion of shoulder and hindlimb injuries did not vary (p=0.75
and 0.39, respectively). The proportion of carpal injuries out of all
orthopedic injuries varied by year (p=0.007). The proportion of
shoulder and hindlimb injuries out of all orthopedic injuries did not
vary (p=0.25 and 0.06, respectively).

Orthopedic injuries in dropped dogs were divided by localization
( ). Injuries of the thoracic limb were most common in
dropped dogs (151 injuries in 121 dogs.) followed by injuries to the
pelvic limb (32). Two dropped dogs experienced an injury to their
axial skeleton. Three dogs’ records reported that they were stift/sore
and could not localize an injury, or had an injury that was not well
documented in the vet book (example, “lame” is all that is recorded).
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TABLE 1 The average dog signalment 2018—-2020.

Average age Age range Average Alaskan Siberian
pre-race Husky Husky
weight (kgs)
2018 422 (1-8.5) 113 57 10 0 24.56 166 14
2019 422 (1-10) 211 147 18 2 2427 350 28
2020 429 (2-8) 75 46 21 11 2432 139 14
Total 4.24 (1-10) 399 250 49 13 2438 655 56

Reasons for dropping dogs from the 2018 - 2020 Yukon Quest
Total dogs started = 711; dogs dropped = 206*

Not Indicated
6.3% (13 dogs)

Rhabdomyolysis
0.5% (1 dog)

Cardiorespiratory
lliness
3.4% (7 dogs) /S~

//\ :

Axial Stiff or sore/
skeleton not well-
localized 1%

1% (2 dogs) e
— ogs

Pelvic limb
17% (32
dogs)

FIGURE 2

Reasons listed in veterinary medical records for dropping dogs during the 2018-2020 Yukon Quest. Orthopedic injuries are further characterized in the
smaller pie. The records from 711 dogs from teams that would go on to finish the race are included. *Note that some dogs experienced multiple
abnormalities so the number of reasons listed for dropping dogs exceeds the number of dropped dogs. Similarly, some dogs experienced multiple
orthopedic injuries, so the number of injuries is greater than the number of dogs dropped for an orthopedic injury.

In the thoracic limb, shoulder injuries were most common in dropped  injuries), elbow (3 injuries), and other (2 injuries, including
dogs (77 injuries) followed by carpal injuries which occurred in 59 metacarpus and dewclaw injuries).

dropped dogs. Additional, less common thoracic limb injuries Seventy-eight dogs finished the Yukon Quest after sustaining
included those to the pectoral muscles (7 injuries), antebrachium (3 ~ some type of orthopedic injury. Some of those dogs experienced more
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Orthopedic injuries documented in dropped dogs, Yukon Quest 2018-2020

32
2 3
Shoulder Carpus Pectoralis Antebrachium Elbow Other forelimb Pelvic Limb Axial Skeleton  Stiff or sore/not well localized

Thoracic Limb n=151

FIGURE 3
Proportions of carpal, shoulder, hindlimb, and other injuries diagnosed in dogs during the 2018-2020 Yukon Quest. The proportion of carpal injuries
diagnosed was significantly different between years, as was the proportion of other injuries.

90
Number of injuries documented in dogs that finished, and were
80 dropped from, the Yukon Quest, 2018-2020
71
70
60
50
40
30
20 18
10 °
2 2 o 3
0 |
Shoulder Carpus Pelvic limb Axial skeleton Other

B Dropped OFinished

FIGURE 4
A summary of orthopedic injuries diagnosed in dropped dogs during the 2018-2020 Yukon Quest. Note that some dropped dogs were diagnosed with
more than one injury, so there are more injuries documented here than there were dropped dogs due to injury in the previous figure.
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than one injury, for a total of 85 injuries. These injuries were localized ~ 0.28 MN) were not significant factors. When including direction (not

to compare to the injuries that occurred in dogs that were dropped  year), Siberian huskies were still less likely to be dropped (p=0.018).

from the race (Figure 5). In dogs that finished with an injury, the = Direction appears to be a factor, with dogs less likely to be dropped in

carpus was the most common site with 71 injuries (83.5%) noted,  Fairbanks start years (p=0.049). All other factors remain insignificant

followed by 9 shoulder injuries (10.6%), 2 pelvic limb injuries (2.4%),  (age p=0.24, BCS p=0.08; FS p=0.94, M p=0.76, MN p=0.2).

and 3 other injuries (4%). In our models testing effect of demographic and trail factors on

Out of the dogs that sustained a carpal injury, 54.6% (71 of 130)  the likelihood of dogs acquiring injuries (but not necessarily being

that sustained a carpal injury were able to finish the race, compared  dropped), when including year; neither year (p=0.87), age (p=0.45),

with only 9.4% of dogs (9 of 86) with shoulder injuries, 5.9% (2 of 34) ~ pre-race BCS (p=0.36), nor sex when compared to intact females (FS

pelvic limb injuries, and 0% (0 of 2) of axial skeleton injuries. p=0.81, M p=0.37, MN p=0.28) were significant factors. Siberian
huskies are less likely to develop injury (p=0.003). When including
direction (rather than year), there is a strong effect of direction

D rop location (p=0.0001), with dogs more likely to be dropped when the race starts
in Whitehorse. Siberian husky remains significant (p=0.004), in that

The trail was divided into four quarters to determine if there were  they appear to be less likely to be injured. Age (p=0.42), pre-race BCS

specific portions of the trail where dogs were more likely to be dropped ~ (p=0.34), and sex (FS p=0.86; M p=0.49; MN p =0.49) appear to not

(Figure 6). Tests of equal proportions confirm that in even-numbered  be significant factors.

(Fairbanks-start) years, significantly more dogs are dropped during

Q1 (p=1.5x107’), and in odd-numbered (Whitehorse-start) years,

most dogs are dropped during Q2 (p=0.001). Intra-race risk factor model results

When examining injury/illness and likelihood of being dropped,

Pre-race risk factor model results dogs diagnosed with an orthopedic injury (p=2x107"), with a
cardiorespiratory abnormality (p=1.16x107°), or with an “other”

The general linear model of dogs being dropped based on year illness/injury (p=6.86x 10~%), were much more likely to be dropped.
(not race direction), breed, age, sex, and pre-race BCS found that =~ Dogs diagnosed with a gastrointestinal illness were not likely to
Siberian huskies were less likely to be dropped (p=0.02). Year  be dropped (p=0.21). Interestingly, dogs with rhabdomyloysis in this
(p=0.61), age (p=0.24), BCS (p=0.08) and sex (p=0.84 FS; 0.86 M;  model were not more likely to be dropped, however, of the 2 dogs that

Percentages of orthopedic injuries diagnosed in dogs during the Yukon Quest, 2018-2020

B % carpal injuries 0% shoulder injuries 0% hindlimb injuries 0% other injuries

U
113 9.7 9.5
10.3
15.9
37.7
28.0

2018 2019 2020

FIGURE 5
Orthopedic injuries documented in both dogs that finished, and were dropped from, the 2018-2020 Yukon Quest. Note that some dogs were
diagnosed with more than one injury.
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FIGURE 6

Proportions of dogs dropped during each quarter of the Yukon Quest

2020 E2019

Proportions of dogs dropped during each quarter of the Yukon Quest. Note that the race alternates directions — starting in Fairbanks in even-
numbered years and in Whitehorse in odd-numbered years. *Significant difference in proportions between groups (p < 0.05).

02018

28.10%

9
27:00% 26.40%

18.80%

Quarter 3 Quarter 4

developed rhabdomyolysis between 2018 and 2020, one was from a
team that would later go on to scratch, so only 1 of these dogs was
included in the statistical analysis, and that dog was dropped from
the race.

Our models examining individual injuries show that dogs with
injuries to the carpus (p=2.6x 107%), shoulder (p <2 x 107'¢), pectoralis
(p=0.014), or hindlimb (p=2.8x107°) were much more likely to
be dropped. Antebrachial (p=0.29), elbow (p=0.99), metacarpal
(p=0.63), axial skeleton (p=0.98), or dewclaw (p=0.99) injuries did
not make it more likely for a dog to be dropped.

Injury reoccurence

Thirty dogs that had an illness or injury went on to race a
subsequent year. Five of those injuries reoccurred in the same location
in four different dogs (13%). One dog had a reoccurring carpal injury,
two dogs had a reoccurring shoulder injury, and one dog had both
reoccur. Several of the dogs when dropped had multiple orthopedic
localizations. In total, there were twenty-one carpal injuries and eleven
shoulder injuries that did not reoccur. Dogs that experienced a
hindlimb (4 dogs), pectoral (1 dog), dewclaw (1 dog), or other injury
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or illness (pneumonia, general soreness, cervical pain) did not
experience it again.

Discussion

Canine athletes are dropped for varied reasons during the Yukon
Quest International Sled Dog Race. Some mushers choose to drop
dogs when they are not enjoying the race or are not pulling well
(“slack-lining”). Or, dogs can be dropped due to injury or illness.

The most common injuries incurred while racing are orthopedic.
Unsurprisingly, dogs diagnosed with an orthopedic injury are less
likely to finish a race than those without. However, not all orthopedic
injuries are the same, and dogs have a good chance of recovering from
and continuing a race if they experience a carpal injury. Therefore,
timely and accurate diagnosis of lamemess by race veterinarians is
paramount. Orthopedic injuries can be treated along the route with
wraps, massage, heat and/or ice. However, the International Federation
of Sleddog Sports bans the use of pain medications during competition
and if needed the dog must be dropped (4).

Not only were orthopedic injuries very prevalent during our study
period, they were consistently the most common reason for dropping
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a dog. This high prevalence of orthopedic injuries is also consistent
with data from a previous study of multi-day ultraendurance sled dog
racing (1). These combined data suggests that mushers should
constantly assess their dogs’ gait for changes and report any suspected
lameness to race veterinarians so the athlete can be properly evaluated.
Identifying orthopedic injuries early allows for treatment to
be initiated and may help the overall prognosis of the injury and
prevent the need to drop the dog from the race. Some orthopedic
injuries can also be prevented with endurance training prior to the
race which helps strengthen bones, muscles, and tendons and stiffens
cartilage and ligaments (5).

Thoracic limb injuries accounted for the vast majority of
orthopedic injuries which is similar to previously reported injury
localization in sled dogs and canine agility dogs (1, 2, 6). This is likely
because the thoracic limb holds 60% of the bodyweight and is mainly
responsible for stabilization as well as turning and steering and some
propulsion (7). Meanwhile, the pelvic limb is mainly responsible for
thrust and power and only bears 40% of the weight. The purposes of
the limbs predispose the thoracic limb to injuries more than the
pelvic limb.

The majority of injuries occurred at a joint, mainly the shoulder
and carpal joints. Interestingly, dogs that compete in canine agility
also have an increase in shoulder injuries (20%) but do not experience
frequent carpal injuries (6%) in contrast to the sled dogs (8). Agility
dogs also experience significantly more vertebrae injuries (6). Joints
are uniquely susceptible to injury because they are under repetitive
stress during exercise because the repetitive movements during
exercise not only stress the joint but also the muscles that cross the
joints and the ligaments needed for stabilization. Therefore, during a
long endurance race such as the Yukon Quest the joints often are
under great stress and can easily be injured. In addition, the joint is a
common space for chronic disease processes such as osteoarthritis
predisposing it to injuries during the race. Conditioning and training
sporting dogs may help to prevent joint injuries, strengthen their
muscles, and quicken athlete recovery if they do get injured (5). It is
essential that dogs endurance train as well as strength train their
muscles so that they are able to withstand long periods of exercise
where they have to pull a sled. Most mushers condition their dogs by
slowing increasing the mileage throughout the season which coincides
with their race distances which often also get longer throughout the
season. Conditioning also has physiologic effects such as decreasing
resting heart rate, decreasing resting blood pressure, and increasing
vascualization of the muscles allowing for more oxygen delivery (5).
It is also important to note that too much conditioning may increase
the likelihood of going into the race with a preexisting injury.

The brachial muscles (triceps brachii and biceps bracii) were
included in our “shoulder” category since the race veterinarians in the
field without diagnostic equipment are often unable to localize pain to
a specific muscle, or do not record that specific information in the vet
book. These muscles have an essential role in propelling the thoracic
limb forward and supporting the limb during the weight bearing
phase. The brachial muscles are therefore a crucial muscle group for
movement. One study ultrasounded the shoulders of both dogs with
shoulder pain and those without. Over 80% of the dogs ultrasounded
had an abnormal finding. No correlation was found between clinical
signs and abnormal ultrasound findings (9). In addition, there was a
wide variety of shoulder abduction angles even in normal joints and
fluid around the biceps tendon could not be related to pain in the
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shoulder. Therefore, in this study, ultrasound was unable to localize
pain to a specific type of shoulder injury.

As noted in the results, the number of orthopedic injuries;
specifically carpal injuries and “other” injuries sustained by dogs
during the race was significantly different between years, but not their
probability of being dropped once injured. This suggests that trail
conditions, weather, etc. may impact the types of injuries that occur
from year-to-year, but not the outcome of those injuries.

Our results are significant because they can help mushers and
veterinarians decide whether a dog, based on the localization of the
orthopedic injury, is statistically likely to finish, which may aid in
decision-making regarding whether or not to drop a dog.

Carpal injuries were the most prevalent orthopedic injury
followed by brachium and shoulder injuries. One hundred and forty-
seven dogs experienced a carpal injury during the race and half of
those athletes finished the race. In other words, 84% of athletes that
finished with an orthopedic injury have a carpal injury. Meanwhile,
only 11% of dogs that have a shoulder injury finished. This data
indicates that an athlete with a carpal injury is more likely to respond
to the treatment allowed during the race and be able to finish,
compared to a dog with another orthopedic injury such as a shoulder
or brachium injury localization. Based on this data, a dog experiencing
an orthopedic injury other than a carpal injury is statistically unlikely
to finish and a dog with a carpal injury has a 55% chance of finishing
the race. This data allows veterinarians to give more informed
recommendations to mushers about what types of orthopedic injuries
should warrant dropping the dog from the race for recovery.

Cardiorespiratory disease also occurs on the trail, but can
be difficult to properly diagnose without diagnostic equipment like
ECGs, radiographs, and ultrasound available on the trail. Many
trained sled dogs have “athletic heart syndrome,” which is a physiologic
hypertrophy of the heart that leads to increased flow velocity through
the aortic valve and a grade I-1I/VI systolic murmur (10). As such,
trail veterinarians need to be able to distinguish the physiologic heart
murmurs that occur in many trained sled dogs from pathologic
cardiac disease. Sometimes sudden cardiac deaths do occur on the
trail (though they are often a diagnosis of exclusion - 10). Pneumonia
has also been reported, and aspiration pneumonia is a leading cause
of sudden death in sled dogs (11). We did document that 11 dogs were
dropped from the Yukon Quest with cardiorespiratory illness in the
3years studied, no dogs died from these causes. We also identified that
being diagnosed with a cardiorespiratory abnormality makes it much
more likely for a dog to be dropped from the Yukon Quest.

Another condition that mushers have to be aware of is exertional
rhabdomyolysis (a.k.a. sled dog myopathy), which is another historical
leading cause of death during dog sled races (12). Rhabdomyolysis is
a serious condition that is caused by rapid muscle breakdown that
occurs during high intensity exercise. This breakdown releases
myoglobin into the bloodstream that travels to the kidneys for
excretion and can lead to visible myoglobinuria (pigmenturia).
Intuitively, and according to the human literature, rhabdomyolysis
causes a marked hyperkalemia (13), as potassium is released from
disintegrated skeletal muscle cells into the plasma. This can cause
cardiac arrhythmias and sudden death. However, a study performed
during the 2015 Yukon Quest found that canines with rhabdomyolysis
experienced hypokalemia (12). Regardless, these clinical syndromes
require significant and immediate veterinary care for the best clinical
outcome. In addition, sometimes the myoglobin froms myoglobin
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casts that are large enough to obstruct renal tubular epithelial cells and
can lead to an acute kidney injury in the longer term (after the race
has finished), and these dogs are lost to follow-up (11). In 2015, 5 cases
of rhabdomyolysis were diagnosed on the trail of the Yukon Quest
(12), and the corresponding author remembers years on the Yukon
Quest trail (prior to 2018, and not including 2015) with numerous
cases of rhabdomyolysis. However, in the 3 years of data analyzed for
this study, only 2 cases were documented, both were dropped from the
race; neither dog died. The cause of rhabdomyolysis is still unknown,
but it likely has some correlation with improper conditioning (e.g., not
enough training miles or simulated races) leading up to a race (12).

Gastrointestinal illness and/or inappetence sometimes occur during
the ultramarathon sled dog races and can be due to either stress or
enteric infectious disease. In human medicine, ischemic colitis is
recognized as a common cause of GI distress during endurance running
(14, 15). Dogs undergoing short bouts of extreme exercise (up to
30 miles) have been shown to maintain visceral blood flow (16), but it is
unknown whether visceral blood flow is maintained over many days of
ultramarathon racing where dogs are averaging more than 100 miles per
day. In addition, both Salmonella and Clostridium species numbers have
been documented to increase in the feces of dogs during races, however
they were present in both dogs that experienced diarrhea and those who
did not and therefore they cannot be implicated as the cause of disease
(17). There are anecdotal reports that during warm weather, dogs are
more likely to have a viral or bacterial outbreak that causes diarrhea; and
warm/spoiled food or drop bags are sometimes implicated. We showed
that being diagnosed with a gastrointestinal abnormality (most
commonly diarrhea) did not increase the likelihood that a dog will
be dropped from the Yukon Quest. In fact, as our data shows, many dogs
diagnosed with diarrhea early in the race experience resolution of it and
go on to finish in good health.

We examined whether any demographic factor (breed, sex, age)
increased the likelihood of a dog being dropped from the Yukon
Quest, in addition to injury and illness. We found that Siberian
Huskies are less likely to be dropped from the Yukon Quest as well as
are less likely to develop injury than Alaskan huskies. The Siberian
Husky is an AKC registered breed with ancient roots that has
historically been used to pull sleds. The Alaskan husky is not an AKC
recognized breed and has genetics from other breeds in it’s recent
history. Most modern long distance race teams are made of the
smaller, leaner, faster Alaskan huskies. It may be that Siberian Huskies
are less likely to be dropped from races because they tend to run at
slower speeds, are larger bodied, or have genetics that protect them
from injury/illness on the trail. In addition, in this study only a select
few number of mushers had teams with Siberian Huskies and they
always made up the whole team. The way that these specific mushers
cared for their dogs may also have contributed to the Siberian Huskies
having a lower likelihood of being dropped during the race.

While the data stated can be generalized to other endurance sled
dog races, there are some unique obstacles during the Yukon Quest
trail such as the race direction as well as the trail conditions. Since the
Yukon Quest changes direction in odd- and even- numbered years,
we cannot compare checkpoints year-to-year. However, we divided the
race into quarters to determine where along the race more dogs are
dropped. We determined that when the race starts in Fairbanks, more
dogs are dropped early, in the first quarter of the race. This makes
sense, as the most notorious sections of trail (Eagle Summit) occurs
during that section — Eagle Summit has steep elevation grades and is
subject to blizzard conditions often during the race. It may be likely
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that mushers with inexperienced dogs are likely to drop them during
this section of race. When the race starts in Whitehorse, Eagle Summit
is later in the race, and those inexperienced dogs may have been
dropped anywhere prior in the race, without that early pressure to do
so. The dogs that make it to Eagle Summit in odd years are likely
seasoned veterans and are less likely to be dropped. In odd-numbered
years, more dogs are likely to be dropped in the second quarter of the
race, which includes the longest unsupported stretch of trail (Pelly-
Crossing to Dawson City — 210 miles). Similarly, mushers may feel
compelled to leave inexperienced or young dogs behind prior to
starting this long remote stretch of trail.

The Yukon Quest trail, weather, and musher decisions also play a
role in the race. The trail often requires teams to make sharp turns and
change direction to stay on course, which may predispose dogs to
orthopedic injuries. In addition, some years there may be more ice on
the course that causes slipping and prevents the dogs from gaining
traction during the tight turns. Sometimes during the race, teams face
snow storms and a large snow fall may cover the groomed trail. In this
case, the dogs may steer away from the trail and punch through deep
snow, causing a thoracic limb injury. Anecdotally, some mushers
report that not using necklines reduces the incidence of front end
injuries. The individual choices of the musher can also make a team
more or less susceptible to injuries. The trail and weather conditions
as well as the judgement of the musher are all factors that influence
whether a dog will be dropped from the race. The data and conclusions
that we provide in this paper not only add to the body of knowledge
about sport dogs, injuries, and predisposing factors, but also will help
guide mushers and race veterinarians in their decision making
during races.

Future directions

The database created from this research is filled with valuable
information. One future direction that we would like to explore is how
weather during the race can impact the prevalence of orthopedic
injuries and the localizations of those injuries. The type of snow, fresh
or packed, may also have an impact on the types of injuries seen in
athletes. Weather may also impact the prevalence of GI disease as
some pathogens thrive at warmer temperatures and others may
be more easily transmitted when the dogs are in closer proximity
when it’s cold.
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Systemic absorption of
triamcinolone acetonide is
increased from intrasynovial
versus extrasynovial sites and
induces hyperglycemia,
hyperinsulinemia, and
suppression of the
hypothalamic-pituitary-adrenal
axis

Kimberly L. Hallowell’, Katarzyna Dembek*, Caitlyn R. Horne?,
Heather K. Knych?, Kristen M. Messenger** and
Lauren V. Schnabel***

!Department of Clinical Sciences, College of Veterinary Medicine, North Carolina State University,
Raleigh, NC, United States, 2K. L. Maddy Equine Analytical Pharmacology Laboratory, School of
Veterinary Medicine, University of California-Davis, Davis, CA, United States, *Department of
Molecular Biomedical Sciences, College of Veterinary Medicine, North Carolina State University,
Raleigh, NC, United States, *“Comparative Medicine Institute, North Carolina State University, Raleigh,
NC, United States

Steroid-associated laminitis remains a major concern with use of corticosteroids
in horses. Individual case factors such as joint pathology, pre-existing
endocrinopathies, or corticosteroid type, dose, and timing influencing steroid-
induced laminitis risk have not been investigated. This study aimed to determine
if systemic absorption of triamcinolone acetonide (TA) varies between
intrasynovial (antebrachiocarpal) and extrasynovial (sacroiliac) injection sites,
and to determine the effects of TA absorption on glucose, insulin, cortisol, and
adrenocorticotropic hormone (ACTH). Twenty adult horses were randomized
into antebrachiocarpal or sacroiliac joint injection groups, and each horse
received bilateral injections with a total dose of 18 mg triamcinolone. Blood was
collected prior to injection and at 1, 2, 4, 6, 8, 10, 12, 16, 20, 24, 36, 48, 60, and
72 h post-injection. Peak TA absorption occurred at 8 h in both groups, and was
significantly higher in the intrasynovial group compared to the extrasynovial
group (1.397ng/mL, 0.672ng/mL, p<0.05). Plasma TA levels were significantly
higher in the intrasynovial group from 8 to 36 h post-injection (p <0.05). There
was no difference in glucose, insulin, cortisol, or ACTH between groups at any
time point. Insulin and glucose were significantly increased from baseline at all
timepoints from 10-72h and 1-72h post-injection, respectively. Horses with
elevated baseline insulin values (>20 pU/mL) from both groups experienced a
more marked hyperinsulinemia, reaching a mean peak insulin of 197.5pU/mL
as compared to 90.06 pU/mL in those with normal baseline insulin. Cortisol
and ACTH were significantly decreased from baseline at timepoints from
4-72 h post-injection in both groups. This study is the first to evaluate drug
absorption from the sacroiliac site and demonstrates that drug absorption varies
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between intrasynovial and extrasynovial injection sites. TA absorption causes
metabolic derangements, most notably a marked hyperinsulinemia that is more
severe in horses with elevated baseline insulin values. The influence of baseline
endocrinopathies on response to corticosteroid administration as well as the
effect of corticosteroid-induced metabolic derangements warrant further
investigation as risk factors for corticosteroid-associated laminitis.

KEYWORDS

corticosteroids, triamcinolone, insulin, cortisol, sacroiliac, horse

1 Introduction

Laminitis remains a major cause of animal suffering, economic
loss, and emotional distress to owners and veterinarians. Laminitis is
typically divided into three major categories: support-limb or
mechanical laminitis, laminitis of inflammatory disease, and
endocrinopathic laminitis. Of these three categories, endocrinopathic
laminitis is the most common (1). Corticosteroid-associated laminitis
is often discussed separately from the three primary categories, and
evidence for the existence of corticosteroid-associated laminitis is
lacking in the literature (2-7). Nevertheless, anecdotal reports and the
authors’ clinical experience indicate that one-time administration of
corticosteroids at an accepted “safe” dose can be sufficient to induce
laminitis in certain patients. Recent literature has shown that
treatment with corticosteroids such as triamcinolone acetonide (TA)
can induce cortisol suppression, hyperglycemia, and hyperinsulinemia
in equine patients. Hyperglycemia and hyperinsulinemia persist for
up to 72h, and cortisol suppression persists for 11 days with intra-
articular triamcinolone and greater than 15days with intramuscular
triamcinolone (8-10). Hyperinsulinemia has become a focus of
research into endocrinopathic laminitis and seems to be a driving risk
factor for development of disease (11-13). In the most recent
Recommendations for the Diagnosis and Management of Equine
Metabolic Syndrome published by the Equine Endocrinology Group
it is suggested that corticosteroid-induced hyperinsulinemia may
increase risk of laminitis and that screening for insulin dysregulation
prior to corticosteroid administration is warranted (14). Further
research into the metabolic effects of steroid administration,
particularly alterations in insulin production and sensitivity, may
provide a better understanding of the pathophysiology of steroid-
induced laminitis and in turn allow for prevention of disease.

In a recent study examining laminitis risk in horses receiving joint
therapy with triamcinolone, extrasynovial sites such as the sacroiliac
joint were specifically excluded (6), and previous studies have not
separated horses by site of injection (3, 5, 6). The pharmacokinetic and
pharmacodynamic properties of intrasynovial triamcinolone have been
established, but only following administration in the antebrachiocarpal
joint (8, 9, 15). The sacroiliac joint is unique when compared to other
joint injection sites in that the injection is performed outside of a synovial
compartment and without direct visualization of the joint itself
(16-18). To our knowledge, no previous studies have evaluated the drug
absorption properties of extrasynovial sites such as the sacroiliac joint.

To begin to understand the individual case factors that put horses
at risk for steroid-induced laminitis, this study aimed to evaluate
variations in triamcinolone absorption when injected at an
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extrasynovial site (sacroiliac joint) as compared to an intrasynovial site
(antebrachiocarpal joint), and to determine the effects of systemic TA
absorption on glucose, insulin, cortisol, and adrenocorticotrophic
hormone (ACTH) levels. We hypothesized that there would
be increased systemic triamcinolone absorption from extrasynovial
sites as compared to intrasynovial sites, and that triamcinolone
administration would result in increases in glucose and insulin and
suppression of cortisol and ACTH concentrations.

2 Materials and methods
2.1 Animal use and welfare

The study protocol was approved by the North Carolina State
University Institutional Animal Care and Use Committee (Protocol
#22-115). Twenty horses (14 mares, 5 geldings, and 1 stallion) from the
university teaching herd ranging in age from 2 to 20years old were
enrolled. The horses had a mean + standard deviation (SD) body weight
of 525+42.3kg. Breeds included 13 Quarter Horse/Paints, 4
Thoroughbreds, 1 Standardbred, 1 Tennessee Walking Horse, and 1
Warmblood. All horses were determined to be healthy based on
physical examination and had no history of corticosteroid
administration for at least six months prior to the study period and no
history of laminitis. Horses were not tested for endocrinopathies prior
to enrollment in the study. Horses were randomly assigned to
intrasynovial (n=10) or extrasynovial (n=10) injection groups. The
mean + standard deviation (SD) age of the intrasynovial group was
11.8+5.7years and the mean + SD age of the extrasynovial group was
11.4£5.7 years. The mean + SD body weight of the intrasynovial group
was 516.9 +45.7 kg and the mean + SD body weight of the extrasynovial
group was 532.1+37.1kg. Horses entered the study in cohorts of 4 and
were acclimated to the research stalls and a no grain diet for five days
prior to injection. Horses were offered grass hay and water ad libitum
throughout the study period. Horses were monitored for any signs of
adverse reaction to injections including daily physical examinations
with evaluation of injection sites, soundness at a walk, and digital pulses.

2.2 Articular injections

Horses in the intrasynovial group (IS) were sedated with detomidine
and horses in the extrasynovial group (ES) with detomidine and
butorphanol to facilitate articular injections. The hair over the intended
injection sites was clipped and the skin was aseptically prepared using

frontiersin.org


https://doi.org/10.3389/fvets.2024.1388470
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Hallowell et al.

chlorhexidine solution and 70% isopropyl alcohol. Both antebrachiocarpal
joints were flexed and injected via the standard cranial approach with
9mg of triamcinolone acetonide and 50mg of amikacin for a total
volume of 1.ImL each site and a total systemic dose of 18mg
triamcinolone acetonide and 100 mg amikacin. Both sacroiliac joints
were injected via the previously described cranial ultrasound-guided
approach with 9mg of triamcinolone acetonide and 50 mg of amikacin
diluted to 10mL with 0.9% NaCl at each site for a total systemic dose of
18 mg triamcinolone acetonide and 100 mg amikacin (17). Injections
were performed between 7:00 AM and 7:30 AM for all horses.

2.3 Sample collection and processing

Blood was obtained by direct jugular venipuncture prior to
injection and at 1, 2,4, 6, 8, 10, 12, 16, 20, 24, 36, 48, 60, and 72 h post-
injection. Whole blood from the collection syringe was used for stall-
side glucose testing. The remaining blood was separated into red top
and EDTA blood tubes and stored on ice until centrifugation at
3000 x g for 20 min at 4C. Serum and plasma were then transferred to
cryovials and stored at —80°C until analysis.

2.4 Quantification of TA, glucose, insulin,
cortisol, and ACTH

Plasma triamcinolone levels were determined by liquid
chromatography-mass spectrophotometry as previously described by
Knych et al. (15). Whole blood glucose levels were determined at time
of sampling using an Accu-Check point-of-care reader on the dog
setting. Plasma insulin levels were determined by enzyme-linked
immunosorbent assay (07 M-60102, MP Biomedicals, LLC, Solon,
Ohio). Serum cortisol levels were determined by coated-tube
radioimmunoassay (0722110-CE, MP Biomedicals, LLC, Solon,
Ohio). Plasma ACTH concentration was determined using an
automated chemiluminescent assay (CLIA; ACTH Immulite 2000 kit,
Siemens Medical Solutions USA, Tarrytown, New York). All assays
were performed at the North Carolina State University and have been
previously published for use in equids (19-22).

2.5 Statistical analysis

Data were tested for normality by a DAgostino-Pearson test.
Normally distributed data were reported as mean and SD. Non-normally
distributed data were reported as median and interquartile range.
Repeated measures 2-way ANOVA test was used to compare
triamcinolone, insulin, glucose, cortisol, and ACTH concentrations over
time from baseline and between 2 groups (IS and ES) at each time point.
Dunnett’s post hoc comparisons were made when relevant. Peak insulin
concentration in horses with elevated and normal baseline insulin was
compared with a t-test. Univariate logistic regression analysis was used
to calculate the likelihood of peak insulin >100ulU/mL in horses with
elevated baseline insulin. The Hosmer and Lemeshow Goodness-of-Fit
test indicated that the data fit the model (p=0.74). Significance was
set at p<0.05. Statistical analysis was performed using Prism and IBM
SPSS Statistical Software (SPSS and GraphPad Software, Inc., La Jolla,
California).
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3 Results
3.1 Physical examination parameters

No adverse reactions were noted and all horses had normal
physical examination parameters throughout the study period. All
horses tolerated repeated jugular venipuncture well with no changes
in behavior or need for additional restraint.

3.2 Triamcinolone

Plasma triamcinolone levels for the IS versus ES group are
displayed in Figure 1. TA levels were increased from baseline at all
time points for both groups (p <0.05). Plasma TA levels were greater
in the IS group as compared to the ES group from 8 to 36h post-
injection (p <0.01). Peak TA absorption occurred at 8 h post-injection
in both groups and was significantly greater in the IS group than the
ES group (1.61£0.50ng/mL vs. 0.70£0.26 ng/mL, (p<0.01)).

3.3 Glucose

Whole blood glucose values for the IS versus ES group are
displayed in Figure 2A. Glucose values were increased from baseline
at all time points for both groups (p <0.05). There was no significant
difference in glucose values between groups at any time point.

3.4 Insulin

Plasma insulin levels for the IS versus ES group are displayed in
Figure 2B. Insulin levels for the IS group were increased from baseline
at 10, 12, 16, 20, 24, and 60 h post-injection (p <0.05). Insulin levels
for the ES group were increased from baseline at 20, 24, 48, and 72h
post-injection (p < 0.05). There was no significant difference in insulin
values between groups at any time point.

Plasma insulin values for horses with normal (<20pU/mL)
baseline values (n=9; 4 from IS group and 5 from ES group) as
compared to horses with elevated (>20 pU/mL) baseline values (n=11;
6 from IS group and 5 from ES group) are displayed in Figure 3.
Insulin levels for horses with elevated baseline insulin were higher at
0, 6, 12, 16, 20, 24, 36, 60, and 72 h post-injection compared to horses
with normal baseline insulin (p <0.05). Peak insulin values for horses
in each group are displayed in Figure 4. Horses with elevated baseline
insulin reached a peak insulin concentration of 197.5+111.0pU/mL
which was higher than the peak insulin of 90.06+26.92pU/mL
observed in the group with normal baseline insulin (p <0.05).

Horses with elevated baseline insulin were 9 times more likely to
reach peak insulin >100ulU/mL post injections compared to horses
with normal baseline insulin (OR=9, 95% CI, 1.14-71).

3.5 Cortisol

Serum cortisol levels for the IS versus ES group are displayed in
Figure 2C. Starting at 4h post-injection and continuing until 72h
post-injection cortisol levels were decreased from baseline for both
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FIGURE 2

Metabolic parameters following intra- (n = 10) or extrasynovial (n = 10) injection with 18 mg triamcinolone acetonide. (A) Whole blood glucose (mg/dL),
(B) plasma insulin (uU/mL), (C) serum cortisol (upg/dL), and (D) plasma ACTH (pg/mL). Normally distributed whole blood glucose and plasma insulin data
reported as mean and standard deviation for each group at all time points. Non-normally distributed serum cortisol and plasma ACTH data reported as

differences were found between groups.

median and interquartile range for each group at all time points. Significant increases from baseline for the intrasynovial group are denoted by the
letter a (p <0.05) and for the extrasynovial group by the letter b (p <0.05) as determined by 2-way repeated measures ANOVA. No significant

groups (p<0.05). There was no significant difference in cortisol values
between groups at any time point.

3.6 ACTH

Plasma ACTH levels for the IS versus ES group are displayed in
Figure 2D. Starting at 4h post-injection and continuing until 60h
post-injection ACTH levels were decreased from baseline for the IS
group (p<0.05). For the ES group, ACTH levels were decreased from
baseline from 4 to 16 h post injection, and at 24, 36, 60, and 72 h post-
injection (p<0.05). There was no significant difference in ACTH
values between groups at any time point.
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4 Discussion

In this study we demonstrated differences in triamcinolone
absorption between intra- and extrasynovial injection sites and added
to the body of literature investigating the impact of corticosteroid
administration on downstream metabolic parameters. This is the first
study to evaluate drug absorption from the sacroiliac site, and the first
to evaluate the impact of triamcinolone acetonide administration on
ACTH levels.

Contrary to our hypothesis, plasma TA levels were significantly
greater following intrasynovial injection than extrasynovial injection
from 8-36h post-injection. The peak plasma TA levels for the
intrasynovial group (1.61ng/mL) were similar to those previously
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mL, n = 11) baseline insulin values. Data reported as mean and standard deviation for each group at all time points. Significant differences between
groups are denoted by *(p <0.05) or **(p <0.01) as determined by 2-way repeated measures ANOVA.
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Peak plasma insulin (pU/mL) values following administration of 18 mg triamcinolone acetonide in horses with normal (<20 pU/mL, n =9) or elevated
(>20 pU/mL, n = 11) baseline insulin values. Peak values for each horse as well at the mean and standard deviation for each group are reported. Horses
from the intrasynovial group are denoted by black circles and horses from the extrasynovial group are denoted by black triangles. t-test was used to
determine significant difference as denoted by *(p < 0.05) between groups.

Elevated baseline insulin

reported by Soma et al. using a 0.04mg/kg triamcinolone dose (0.94—
2.5ng/mL) (8). The peak TA levels for the extrasynovial group (0.70ng/
mL) were significantly lower than the intrasynovial group in this study,
but higher than those reported for intramuscular administration (0.20-
0.48ng/mlL) in the Soma study. This finding implies that the drug
absorption properties of the sacroiliac joint injection site differ from
both intrasynovial and intramuscular injection sites, which is reasonable
given the nature of this extrasynovial injection close to the joint but also
likely within the surrounding ligaments and muscle. A pharmacokinetic
study evaluating absorption from extrasynovial injection sites would
be beneficial in better understanding these findings.

Despite significant differences in triamcinolone absorption
between groups, there was no significant difference in glucose, insulin,
cortisol, or ACTH at any time point between groups and therefore the
clinical relevance of this triamcinolone absorption finding is unclear.
The degree of hyperglycemia seen in this study population was similar
to that reported previously (9, 10). Glucocorticoids cause increased
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gluconeogenesis along with decreased tissue glucose uptake and
relative insulin resistance, which is the likely mechanism for the
hyperglycemia seen here (23, 24). Although the degree of
hyperglycemia was mild from a clinical perspective, it may have
contributed to subsequent hyperinsulinemia.

Horses in this study experienced significant hyperinsulinemia for
up to 72h post-injection. As sample collection was discontinued at the
72h time point, the true duration of hyperinsulinemia for all horses
could not be determined. The insulin response showed a high degree of
individual variability with maximum insulin values ranging from 54.95
to 408.07 pU/mL. A large cohort study of ponies in England stratified
ponies into low-, medium-, and high-risk groups for laminitis based on
basal insulin levels. Ponies in the low-risk group (baseline insulin
<21.6pU/mL) had a 4 years cumulative incidence of laminitis of only
6%, while those in the high-risk group (baseline insulin >45.2 pU/mL)
had an incidence of 69% (1 1). This modest degree of hyperinsulinemia
was transiently present in all horses in the present study and persisted
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for at least 48h in all but three horses. Sustained insulin levels of
>208pU/mL have been demonstrated to induce histopathologic
evidence of laminitis in as little as 48h (25). Three horses in this study
achieved this degree of hyperinsulinemia, representing a group of
horses that may be at increased risk for corticosteroid-associated
laminitis. Although horses were not screened for endocrinopathies
prior to inclusion in this study, all three of these horses did have elevated
baseline insulin values (32.27 pU/mL, 47.70 pU/mL, 37.70 uU/mL).
Despite this significant degree of hyperinsulinemia, no clinical signs of
laminitis were observed in any horse. Radiographs or histopathologic
evaluation of the laminae were not performed, but may have been able
to detect laminitis that was not clinically evident.

The recent Boger et al. study evaluated the insulin and glucose
response to the same dose of intrasynovial TA used presently, but
only included horses with no evidence of insulin dysregulation as
determined by an oral sugar test (10). Significant elevations in insulin
were identified at 6, 24, and 48 h post-injection, but the mean peak
insulin level was only 29 pU/mL as compared to the mean peak of
132.85pU/mL found in our study population. The horses in the
Boger study population had normal insulin response to an oral sugar
test, while horses in our study population were not screened for
insulin dysregulation prior to inclusion. In the subset of horses in our
study population with elevated baseline insulin the mean peak insulin
level was even higher at 197.5pU/mL, while the mean peak insulin
value for those with normal baseline insulin was only 90.06 pU/
mL. Horses with elevated baseline insulin were nearly equally
distributed between IS and ES groups and were 9 times more likely
to reach a peak insulin of >100pU/mL than those with normal
baseline insulin. Baseline insulin is an insensitive measure of insulin
dysregulation, so it is possible that a subset of horses with normal
baseline insulin in our study population would have abnormal insulin
responses to an oral sugar test. The presence of horses with insulin
dysregulation undetected by baseline insulin abnormalities would
explain the higher mean peak insulin value in our study population
as compared to the Boger study population. Additionally, the use of
an ELISA in our study versus a radioimmunoassay in the Boger study
limits the ability to directly compare results. However, these findings
argue that corticosteroids may induce more severe insulin
dysregulation in horses with pre-existing baseline insulin
dysregulation than those without, and that screening horses for
insulin dysregulation may be an important step in mitigating risk of
Further
comparing the insulin response to corticosteroids in horses with

corticosteroid-associated laminitis. studies directly
diagnosed insulin dysregulation on the basis of an oral sugar test to
those without are needed to confirm this finding.

Consistent with a previous study evaluating the impact of
triamcinolone administration on endogenous hydrocortisone
production, horses in this study experienced a significant decrease
in cortisol levels from 4-72h post-administration of
triamcinolone. Additionally, a significant decrease in ACTH was
present for the same time period. This is the first study to evaluate
the ACTH response to triamcinolone administration, although
previous studies have demonstrated ACTH suppression following
administration of other corticosteroids (26, 27). These changes are
indicative of suppression of the hypothalamic-pituitary-adrenal
axis which may put patients at risk for secondary infections, and
result in a clinical syndrome of ill-thrift, weight loss, and poor hair

coat due to loss of normal cortisol functions (24). This risk should
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especially be considered in horses receiving repeated joint therapy
with corticosteroids.

This study had several limitations, the first of which is that
horses were unable to serve as their own controls due to the
extended washout period that would be necessary before repeat
assessment. Horses were also not screened for the presence of
joint pathology, obesity, endocrinopathies, or laminitis prior to
inclusion in the study, which may have affected drug absorption
or the metabolic response to treatment. Additionally, horses in
both groups were injected with amikacin combined with TA, and
there was no TA only control. While there is no evidence in the
current literature to suspect that amikacin could affect insulin
levels or other metabolic parameters, it is unknown how this may
have influenced study results. Horses were not evaluated for signs
of laminitis with hoof testers or radiographs which may have
allowed for detection of mild laminitis changes. A more prolonged
sample collection period with more intensive monitoring may
have been beneficial to determine the duration of metabolic
changes and possible side effects that occur following
triamcinolone administration. Finally, the use of an ELISA for
insulin quantification limits the ability to directly compare the
insulin values from our study population to others using
the radioimmunoassay.

In conclusion, this study is the first to evaluate drug
absorption from the sacroiliac site and demonstrated that
systemic absorption of triamcinolone acetonide is greater from
intrasynovial injection sites as compared to extrasynovial. The
clinical relevance of this difference in absorption between sites is
unclear as triamcinolone administration in horses in both groups
resulted in hyperglycemia, hyperinsulinemia, and hypothalamic-
pituitary-adrenal axis suppression up to 72h post-injection.
Hyperinsulinemia in some horses was profound and reached
levels previously documented to increase risk for laminitis. There
was a nearly equal distribution of horses with elevated baseline
insulin between intrasynovial and extrasynovial groups and these
horses had a significantly increased risk of developing marked
hyperinsulinemia post-treatment. Further research is needed to
determine if other corticosteroids and doses cause the same
degree of metabolic derangements, and to determine the impact
of these metabolic derangements on laminitis risk. Trends seen in
this study indicate that screening for underlying insulin
dysregulation may be an important tool in reducing risk of
corticosteroid-associated laminitis, but additional studies are
needed to confirm this finding.
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Computed tomographic
evaluation of the proximity of
needles placed for perineural
anesthesia of the palmar digital
nerves to synovial structures in
the foot: an ex vivo study
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and Annamaria Nagy?

!Faculty of Veterinary Medicine, Department of Large Animal Surgery, Anaesthesia and Orthopaedics,
Ghent University, Merelbeke, Belgium, 2Equine Department and Clinic, University of Veterinary
Medicine, Budapest, Hungary

Background: Potential synovial penetration following palmar digital nerve
blocks has not been investigated.

Objectives: To evaluate the proximity of needles placed for palmar digital nerve
blocks to nearby synovial structures using computed tomography (CT).

Study design: Descriptive observational study.

Methods: In 18 cadaver forelimbs, sequential injection of the navicular bursa
(NB), distal interphalangeal joint (DIPJ) and digital flexor tendon sheath (DFTS)
was performed using 3, 5 and 10 mL diluted radiodense contrast medium,
respectively. After each synovial injection, 25 gage needles were placed over
the palmar digital nerves at the proximal aspect of the ungular cartilages (distal
injections) and 1 cm further proximally (proximal injections), and CT examination
was performed. Subsequently, needles were removed, and the synovial
structures further distended with the same volume as for the first injection.
Perineural needle placement and image acquisition were repeated. The distance
between the needle tip and adjacent synovial structures was measured (mm) in
reconstructed images. Results were analyzed in separate general linear mixed
models, to determine the effect of needle position and synovial distension on
the distance from the tip of the needle to the NB, DFTS and DIPJ.

Results: Synovial penetration was confirmed following 12/420 (3%) needle
placements (NB n =5, 1 after proximal and 4 after distal injections; DIPJ n=2,
DFTS n=2, NB or DIPJ n =3, all after distal injections). The mean distance from
the needle tip to the NB and DIPJ was significantly smaller after the second
distension (NB: p = 0.025; DIPJ: p <0.001) and with the distal needle placements
(NB: p<0.001; DIPJ: p<0.001). For the DFTS, the distance from the needle tip
was significantly smaller with the proximal needle placements (p = 0.001).

Main limitations: £x-vivo study.

Conclusion: There is a small risk of synovial penetration when performing
palmar digital nerve blocks, especially when distension of adjacent synovial
structures is present.

KEYWORDS

equine, lameness, sports medicine, orthopaedics, synovial penetration, nerve block
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Introduction

Perineural anesthesia of the palmar digital nerves is frequently
used to localize lameness to the distal aspect of the limb. It is
performed by depositing 1-1.5 mL local anesthetic solution at, or just
proximal to the proximal margins of the ungular cartilages medially
and laterally, using a 25 gage 16 mm needles (1-3).

Radiodense contrast medium has been widely used to study
potential post-injection distribution characteristics of local anesthetic
solution (4-8). Previous studies have shown inadvertent penetration
of synovial structures following perineural injection, such as the
carpometacarpal joint after perineural injection of the palmar
metacarpal nerves (5), the digital flexor tendon sheath after perineural
injection of the palmar and palmar metacarpal lateral and medial
nerves (low 4-point nerve block) (4, 9, 10) and the tarsal sheath and
tarsometatarsal joint following perineural injection of the deep branch
of the lateral plantar nerve (7, 8). In situations with risk of inadvertent
synovial penetration, antiseptic preparation prior to performing
perineural anesthesia is strongly recommended (2, 3, 11).

There is anecdotal evidence of synovial fluid appearing in the
needle hub when performing perineural anesthesia of the palmar
digital nerve and iatrogenic synovial infection developing shortly
following palmar digital nerve anesthesia has been reported (11, 12).
However, to the authors’” knowledge, there have been no published
studies on the likelihood of complications following perineural
anesthesia of the palmar digital nerves.

The objectives of this study were (a) to evaluate the proximity of
needles placed for perineural anesthesia of the palmar digital nerves
to nearby synovial structures navicular bursa (NB), distal
interphalangeal joint (DIP]), and the digital flexor tendon sheath
(DFTS) using computed tomography (CT) and (b) to evaluate changes
in the proximity of the needle tip with further distension of the
synovial structures.

We hypothesized that inadvertent synovial penetration after
perineural anesthesia of the palmar digital nerves can occur and that
the needle tip would be closer to adjacent synovial structures (NB, DIP],
and DFTS) with increased distension of the respective synovial structure.

Materials and methods

Eighteen cadaver forelimbs (nine left and nine right) from
horses euthanised for reasons unrelated to this study were used.
Clinical records of the horses were unknown. The limbs had been
frozen for storage and were thawed 24 h prior to injections and
image acquisition. The injection sites were clipped. Sequential
injection of the NB, the DIP] and the DFTS was performed using
3, 5 and 10mL, respectively, of 1:1 diluted contrast medium
(iohexol 240 mg/mL') and tap water. The volumes were based on
volumes routinely used for intrasynovial anesthesia (1, 13, 14). All
injections and needle placements were performed by a single
operator (resident of the European College of Sports Medicine and
Rehabilitation; MG). The first injection performed on each limb
was either into the NB or the DIP]. The order of first injection was
alternated between the NB and DIPJ (so each structure was
injected first in 50% of the limbs). The DFTS was injected after the
NB and DIP]J had been injected. Following each synovial injection,
two 25 gage 16 mm needles were placed subcutaneously over the
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palmar digital nerves on the medial and lateral side. The needles
were inserted just proximal to the palpable proximal edge of the
medial and lateral ungular cartilages and were directed distally (1).
A second needle was placed on both the medial and lateral sides,
1 cm proximal to the first insertion sites, also pointing distally. This
was done mimicking a more proximal needle placements executed
by some clinicians (14, 15). Following each synovial injection and
perineural needle placement, a CT examination was performed.
The needles over the palmar digital nerves were kept in situ for
each CT examination, but were removed prior to any further
synovial injection. When the subsequent synovial injection was
deemed successful (based on synovial fluid appearing in the needle
hub and/or contrast fluid being easily injected without any
resistance), two 25 gage 16 mm needles were placed again as
described above. The intrasynovial needles were kept in situ to
allow subsequent injections (see later). To prevent leakage, a cap
was attached to the needle hub. Subsequently, the same steps were
repeated; each synovial structure was distended further with the
previously used volume to mimic marked synovial distension. For
the NB, a 19 gage 88 mm spinal needle was inserted in the midline
between the heel bulbs immediately proximal to the coronary
band, aiming halfway between the most dorsal and the most
palmar aspects of the coronary band and 1cm distal to the
coronary band (1, 16). Correct needle placement was confirmed by
a lateromedial radiograph. For the DIP] injection, a 20 gage 38 mm
needle was inserted perpendicular to the skin, 1 cm proximal to the
coronary band, into the dorsal pouch of the DIP]. The DFTS was
injected using a 20 gage 38 mm needle, inserted at the axial border
of the lateral proximal sesamoid bone (17). A CT examination was
performed after each distension; each limb was scanned six times
in total. A 16 slice multidetector fan beam CT (2) (Qalibra CT
System, Canon Aquilion LB) was used. The images were acquired
with a slice thickness of 0.5 mm (tube rotation time 0.5s). The field
of view was 320 mm and the images were generated at 350 mAs
and 135kV.

Images were analyzed using multiplanar reconstruction (MPR)
and a bone algorithm in a medical image viewing software [JiveX (3)].
After assessment of different reconstructions, it was decided that the
most suitable plane to measure the shortest distance between the tip
of the needle and the synovial structures was the sagittal plane for the
NB and DIP joint and the transverse plane for DFTS. In the sagittal
plane, the reference lines were set parallel with the deep digital flexor
tendon and perpendicular to this line. In the transverse plane,
reference lines were set parallel with the palmar surface of the
navicular bone and perpendicular to this line. All measurements were
performed three times, and the shortest distance (mm) from the tip
of the needle to the injected synovial structure was used for further
analysis. Five categories were defined: 1. Penetration: inadvertent
penetration of a synovial structure, confirmed by presence of contrast
medium in the needle hub (Figures 1-3); 2. Adjacent: the needle tip
was adjacent to the synovial structure but no contrast leakage was
noted (Figure 4); 3. The needle tip was not adjacent but <5mm from
the synovial structure; 4. a distance of >5mm but <10 mm between
the needle tip and the synovial structure and 5. a distance of >10 mm
between the needle tip and the synovial structure.

Two limbs with major tendon abnormalities (rupture of both
superficial digital flexor tendon and deep digital flexor tendon)
observed during CT evaluation were excluded from the study.
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Data analysis

Statistical analysis was carried out in IBM SPSS Statistics 26.0 (4).
Statistical significance was set at p <0.05. Descriptive statistics were
performed in spreadsheet software (Microsoft Excel version 16). To
determine the effect of needle position and synovial distension on the
distance from the tip of the needle to the NB, DFTS and DIPJ, a
separate general linear mixed model was used for each synovial
structure, with distance from the needle tip to the synovial structure
as dependent variable, distension (first/s), needle position (proximal/
distal) and their interaction as fixed effects, and limb and location
within limb (lateral/medial) as random effects. Normality of residuals
for these models was visually verified on QQ-plots and formally
confirmed with a Kolmogorov-Smirnov test. If residuals could not
be assumed to be normally distributed, the analysis was performed
using generalized estimating equations with identity link function on

FIGURE 1

Parasagittal computed tomographic reconstruction, showing
penetration of the navicular bursa (arrow) by a needle inserted just
proximal to the ungular cartilage after the second distension of the
navicular bursa with 3mL of diluted contrast medium. Contrast
leakage from the needle hub is clearly visible (arrowhead).

10.3389/fvets.2024.1404331

rank-transformed data instead, with the lowest distance yielding the
lowest rank (18). In the latter case, the presence of related
measurements in the dataset was addressed by including limb and
location within limb (lateral/medial) in the model as subject effects in
an unstructured correlation matrix.

Results

In total, there were 420 needle placements over the palmar digital
nerves, of which 204 were at the proximal and 216 at the distal injection
site (in the first limb, proximal injections were not performed).
Synovial penetration was confirmed following 12/420 (3%; 95%
confidence interval [CI] 1.5-4.9%) needle placements (Table 1). In
11/12 (92%; 95% CI 61.5-99.8%) needle placements, this occurred
after the second distension. Of the 12 synovial penetrations, 10 (83%;
95% CI 51.2-98.0%) occurred following distal needle placements.

Following 11/420 (3%; 95% CI 1.3-4.6%) needle placements, the tip
of the needle was adjacent to a synovial structure, but no contrast
leakage was seen (Supplementary item 1). In 7/11 limbs (64%), this was
after the second distension (DIP] n=>5, DFTS n=6) and in 7/11 limbs
(64%) with the proximal needle placement (DFTS n=6, DIP] n=1,
DIPJ n=4). In one limb, contrast was noted in the DIPJ after injection
of the NB, indicating direct communication between the two structures.
The results of the other categories are shown in Supplementary item 1.

Statistical analysis

Navicular bursa

The mean distance from the distal needle tip to the NB was
significantly smaller (p=0.025) after the second than after the first
distension (Table 2). The mean distance from the needle tip to the NB
was significantly smaller with the distal than with the proximal needle
placements (p <0.001). Four of five penetrations of the NB occurred
after the second distension and all five were with distal needle
placements (Table 1).

FIGURE 2

Transverse computed tomographic reconstruction, showing penetration of the digital flexor tendon sheath (DFTS) (arrow left image) and contrast
leakage from the proximal (medial) needle (arrow right image) after the second distension with 10 mL diluted radiodense contrast medium. The arrow
on the left image is showing the distal needle tip penetrating the DFTS; the right image is showing contrast leakage from the needle hub.
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FIGURE 3

Parasagittal computed tomographic reconstruction, showing
penetration (arrow) of either the navicular bursa or the distal
interphalangeal joint by the distal needle after the second distension
of the NB and DIPJ with 3mL and 5 mL of diluted radiodense
contrast medium, respectively. It was not possible to differentiate if
the needle penetrated the NB or the DIPJ. Contrast leakage from the
needle hub is visible (arrowhead).

FIGURE 4

Parasagittal computed tomographic reconstruction, showing the
distal needle adjacent to the distal interphalangeal joint (arrow) after
a single distension with 5 mL diluted radiodense contrast medium.
Note that the navicular bursa (arrowhead) has also been distended
with contrast medium.

Distal interphalangeal joint

The mean distance from the needle tip to the DIP] was
significantly smaller (p <0.001) after the second than after the first
distension. The mean distance from the needle tip to the DIP] was
significantly smaller with the distal than with proximal needle
placements (p <0.001) (Table 2).

Following 115/140 (82.1%) needle placements, the distance from
the needle tip was <5mm away from the DIPJ. Six of seven
penetrations and adjacent needle placements occurred with the distal
needle placements (Supplementary item 1).
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Digital flexor tendon sheath

No significant difference was noted between the median distance
from the needle tip to the DFTS between first and the second
distension. The distance from the needle tip the to the DFTS was
significantly shorter with the proximal than with distalneedle
placements (p=0.001) (Table 2).

Following 98/140 (70.0%) needle placements, the distance from
the needle tip was <5 mm from the DFTS. Six of eight penetrations and
adjacent needle placements occurred after the second distension, all
of which with the proximal needle placements (Supplementary item 1).

Discussion

This study is the first to perform a detailed evaluation of the
proximity of needles placed for perineural anesthesia of the palmar
digital nerves to synovial structures in the foot. In this study,
we focused on the NB, DIP] and DFTS because of their close
relationship to the injection sites of perineural anesthesia of the
palmar digital nerves. The NB, the palmaroproximal pouch of the
DIPJ and the distal aspect of the DFTS are closely related, separated
by the proximal sesamoidean ligament (also called T-ligament or
transverse laminae) and the collateral sesamoidean ligament (19-21).
The proximal sesamoidean ligament is loose connective tissue
corresponding to the apposition of palmaroproximal recess of the
DIPJ, the proximal recess of the NB and distal recess of the DFTS and
lies in close relationship to the collateral sesamoidean ligament which
originates on the medial and lateral aspect of the proximal phalanx
and inserts on the proximal aspect of the navicular bone (21, 22). The
proximal interphalangeal joint lies dorsal to the deep digital flexor
tendon (and DFTS) and was therefore not investigated in this
study (23).

In agreement with our hypotheses, synovial penetration occurred
only after a small proportion of injections, and the distance from the
needle tip to adjacent synovial structures was significantly smaller
when the NB and the DIPJ had been distended twice. Also, the
distance from the needle tip to adjacent synovial structures (NB and
DIPJ) was significant smaller with the distal needle placements. The
latter finding can be explained by the anatomical location of the NB
(distal to the proximal ungular cartilages) and of the palmaroproximal
pouch of the DIPJ. In contrast, the distance from the needle tip to the
DFTS was significant smaller with proximal needle placements. This
could be explained by the presence of the additional soft tissue
coverage by the distal digital annular ligament in this region, which is
not present more proximally (23).

Our results suggest that there is a small risk of synovial penetration
when performing perineural anesthesia of the palmar digital nerves,
at least for the NB and the DIPJ. As the perineural injections are
performed near the proximal margin of the ungular cartilages, the
direction and location of the needle placement in relation to the
ungular cartilages could play a role (3, 24). In practice, some variations
in execution of the perineural anesthesia of the palmar digital nerves
among veterinarians exist. A first factor is the location of the needle
placement in relation to the ungular cartilages. A slightly more
proximal injection site in relation to the ungular cartilages can
be used, but this increases the risk of proximal diffusion and potential
desensitization of the pastern and distal fetlock region (16, 25). A
second factor is the direction of the needle. In the current study, and
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TABLE 1 The number of penetrations of the navicular bursa (NB), distal interphalangeal joint (DIPJ), and digital flexor tendon sheath (DFTS) following
perineural needle placement over the palmar digital nerves.

First distension Second distension TOTAL penetrations
Proximal Distal Proximal Distal
NB 0 1 0 4 5
DIP] 0 0 0 2 2
NB/DIPJ 0 0 0 3 3
DFTS 0 0 2 0 2
TOTAL 0 1 2 9 12

The synovial structures were injected with 3 mL (NB), 5 mL (DIP), and 10 mL (DFTS) of 1:1 diluted contrast medium. After each injection (“First Distension”) needles were inserted just
proximal to the palpable edge of the medial and lateral ungular cartilages and were directed distally (“Distal”). The second needles were placed 1 cm proximal to the first insertion sites
(“Proximal”). Subsequently, the same steps were repeated; each synovial structure was injected a second time with 3 mL (NB), 5 mL (DIP) and 10 mL (DFTS) of 1:1 diluted contrast medium to

mimic marked synovial distension (“Second Distension”).

TABLE 2 Distance from the distal needle tip to the navicular bursa (NB), distal interphalangeal joint (DIPJ), and digital flexor tendon sheath (DFTS).

First Distension Second p-value  Proximal needle Distal needle p-value
(mm) Distension (mm) placement (mm) placement (mm)
NB (mean +sd) 18.5+8.6 17.5+8.8 0.025% 21.7+7.8 14.48.0 <0.001%
DIPJ (mean + sd) 117453 9.1£6.0 <0.001% 13.4%55 7.5+4.4 <0.001% ‘
DFTS (median and range) 2.6 (0-14) 2.0 (0-12) 0.5 1.7 (0-6.1) 3.0 (0-13.9) 0.001% ‘

Normally distributed data are shown as mean + standard deviation (NB and DIPJ), whereas data not normally distributed are presented as median and range (DFTS). The synovial structures were
injected with 3mL (NB), 5mL (DIP) and 10mL (DFTS) of 1:1 diluted contrast medium. After each injection (“First Distension”) needles were inserted just proximal to the palpable proximal edge
of the medial and lateral ungular cartilages and were directed distally (“Distal”). The second needles were placed 1 cm proximal to the first insertion sites (“Proximal”). Subsequently, the same
steps were repeated; each synovial structure was injected a second time with 3mL (NB), 5mL (DIP) and 10mL (DFTS) of 1:1 diluted contrast medium to mimic marked synovial distension
(“Second Distension”). p-values illustrate statistically significant (p <0.05) differences between first and second distensions, and between proximal and distal needle placements.

as described in most reference texts, the needles were inserted
subcutaneously in a proximal to distal direction, which results in the
needle tip ending distally to the skin penetration site (1-3). For the
NB and DIPJ, more penetrations occurred with the distal needle
placements. As discussed earlier, this finding can be explained by the
anatomical location of the NB and DIPJ. It could therefore
be considered to direct the needle perpendicular to the skin, to avoid
a more distal position of the needle tip. In combination with the use
of a shorter 26 gage, 13mm needle, it can be speculated that the
distance to the nearby synovial structures could be decreased and
therefore, the risk of inadvertent synovial penetration could
be mitigated. Two of the authors routinely use this modification (26
gage,
perpendicular to the skin) for perineural anesthesia of the distal

13mm needles in combination with needle insertion
digital nerves. However, for cob types and other horses with a thick
skin, a 16 mm and <26 gage needles may be necessary. Further studies
need to be performed to assess the effect of these modifications on the
resulting distance of the needle tip to the adjacent synovial structures.

If synovial penetration occurs while performing perineural
anesthesia of the palmar digital nerves, it is possible that the loss of local
anesthetic solution into a synovial structure results in an incomplete
desensitization of the nerve. Inadequate nerve desensitization can
be detected by checking loss of skin sensitivity at the heel bulbs,
although there is not a complete correlation between loss of skin
sensitivity and resolution of lameness due to foot pain (2, 26).

Several previous (ex vivo) studies have shown potential
inadvertent penetration of synovial structures such as the
carpometacarpal joint, the DFTS, the tarsal sheath and tarsometatarsal
joint following perineural injections (4, 5, 7-10). Two of these studies
(7, 9) have investigated using different volumes at the injection sites,
but no studies have distended the synovial structures prior to the
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perineural injection. In our study, penetration of a synovial structures
occurred in 12/420 (3%) of needle placements and more frequently
after the second distension, suggesting that inadvertent synovial
penetration is more likely if adjacent synovial structures are markedly
distended, at least for the NB and the DIP]. Although based on
published scientific literature and the authors’ clinical experience,
iatrogenic infections after performing perineural anesthesia in
general, and of the palmar digital nerves specifically, are very rare,
clinicians should be aware of the potential risk of inadvertent synovial
penetration. Based on our study, this may be particularly relevant
when there is a palpable distension of adjacent synovial structures.
Therefore, thorough palpation of synovial structures should always
be performed, although this is not possible for the NB due to its
anatomical location. Theoretically, this could be visualized by
ultrasonographic evaluation but this is not a practical approach prior
to perineural anesthesia in a clinical setting. A potential explanation
for the low incidence of iatrogenic synovial infection after perineural
anesthesia may be that not every synovial penetration would
necessarily result in synovial contamination and infection. Local
anesthestics present antimicrobial activity against equine bacterial
pathogens at concentrations that are used in practice (27).

In one limb, diffusion of the contrast medium from the NB to
the DIPJ was noted. In one earlier study using CT arthrography, an
occasional direct communication from the DIPJ to the NB was
reported in 7/133 (5.3%) cadaver limbs (13). The authors stated that
communication could occur through the proximal sesamoidean
ligament or the distal sesamoidean impar ligament. The latter could
be associated with the presence of a distal border fragment (13).
This can be an important consideration in the context of
intrasynovial anesthesia of the NB or DIP] but is not directly
relevant to our study.

frontiersin.org


https://doi.org/10.3389/fvets.2024.1404331
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Gruyaert et al.

This study had some limitations. This is an ex-vivo study on a
relatively small number of limbs, and the distension induced during
the first and second synovial injections might not reflect naturally
occurring synovial distension. Any baseline distension prior to
injection of contrast medium was not assessed. However, the
experimental design of the study allowed studying the effect of a
standardized mild and marked synovial distension, in combination
with very detailed evaluation using cross-sectional CT imaging.
Despite a single experienced operator performing all procedures using
the same technique, a slight variation in the location and orientation
of perineural needle placements between distensions might have
occurred. The clinical history of the horses was not available but if
major abnormalities were observed during the CT evaluation, limbs
were excluded, and therefore, this is considered unlikely to have
affected our results.

Further studies to better assess the potential risk of synovial
penetration in clinical situations could include in-vivo studies by
performing an injection with local anesthetic solution and/or
radiodense contrast medium over the palmar digital nerves, followed
by radiographic assessment of any contrast accumulation in nearby
synovial structures (4, 5, 15). Alternatively, yet more complicated, it
could be considered to measure the concentration of local anesthetic
solution in nearby synovial structures (14).

In conclusion, inadvertent penetration of the DIP], NB or DFTS
may occur when performing perineural anesthesia of the palmar
digital nerves, although based on this ex vivo study, the risk seems very
low. Nevertheless, clinicians should be aware of this potential risk and
needle size and direction may warrant further consideration
and research.
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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, automatictimersrecorded dogs’ coursetimes, 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.

KEYWORDS

agility, surface, speed, sports performance, injury, canine sports medicine,
biomechanics, canine agility
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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
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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.

Ring

numbers/  Environment

notes

Surface

Dirt Local Florida soil 1&2 Climate controlled,
covered
3&4 Outdoor, covered
Grass Predominantly 5&6 Outdoor, uncovered

Bermuda grass

Sand Sand/fiber 7&8 (only used Outdoor, uncovered

in 2021)

footing
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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 (1 =267, 58%) or
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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 (1 =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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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.

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 52).

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
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differences in qualifying rates by time of day were observed in either
2021 or 2022 (Supplementary Tables 53, 54).

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

Mean difference in speed (YPS, 95% ClI) Significant pairwise differences*

2021 Jumpers courses

“Dirt (Biathlon Jumping) (Ref)

All significant (10 total)

®Grass1 (Masters Final Jumping) —0.61 (—0.70, —0.51)

Grass2 (Winner Take All) 0.31(0.21,0.42)

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

¢Sand2 (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

*Grass (Masters Final Jumping) (Ref)

All significant (6 total)

"Dirt1 (Biathlon Jumping) —0.15 (—0.27, —0.04)

‘Dirt2 (Winner Take All) 0.45 (0.34, 0.56)

“Dirt3 (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.  are used as superscripts to identify pairwise differences.

Jumpers Runs 2021
Surface Course
Dirt (ref) n Biathlon Jumping
Grass - Masters Final
Grass —@o— Winner Take All
Sand —— Last Chance Masters
Sand —— Nationals Rd 1
I T T T 1
-1 -0.5 0 0.5 1
Yards Per Second (YPS)
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.

Jumpers Runs 2022
Surface Course
Grass (ref) ] Masters Final
Dirt — Biathlon Jumping
Dirt — Winner Take All
Dirt —— Nationals Rd 1
I T T T 1
-1 -0.5 0 05 1
Yards Per Second (YPS)
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.

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
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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
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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.

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
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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
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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

“Dirt (Biathlon Jumping) None (10 total)
®Grass1 (Masters Final Jumping) 0.045 (—0.003, 0.924)

“Grass2 (Winner Take All) 0.056 (0.014, 0.097)

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

¢Sand2 (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

*Grass (Masters Final Jumping) (Ref) All significant except a vs. d
"Dirt1 (Biathlon Jumping) 0.134 (0.096, 0.172)

Dirt2 (Winner Take All) 0.282 (0.239, 0.325)

Dirt3 (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. ** are used as superscripts to identify pairwise differences.

dogs were less likely to qualify on sand early in the day. Therefore, itis  throughout the day. While there are no studies that have evaluated the
likely that other surface variables, such as moisture content and  effects of ruts on speed, performance, or injury in agility dogs, it is
temperature, could be affecting these results. The other consideration  possible that the more compliant the surface, the more likely there are
is the effect of ruts created by the dogs running the same course  to be ruts created over time. These ruts could cause dogs to slow down
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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 reccommendation 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
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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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Objective: The objective of this study was to investigate the effects of cavaletti
pole height on temporospatial (TPS) and ground reaction force (GRF) variables
as compared to a walking gait in healthy dogs.

Animals: A total of 25 client-owned dogs were included in this study.

Procedures: This study used client-owned dogs to explore the effects of
cavaletti pole height on TPS and GRF variables. Dogs were first walked over
a validated pressure-sensitive walkway (PSW) and then walked over the PSW
over which six cavaletti poles were set. Cavaletti pole height was initially set at
2 inches and then increased incrementally to 4 inches, 6 inches, and 8 inches.
TPS and GRF variables were obtained for all dogs walking across a PSW without
cavaletti poles and at each cavaletti height. TPS variables were then compared
to those obtained at a normal walking gait.

Results: Increasing cavaletti height resulted in significant decreases in walking
gait velocity and the number of gait cycles per minute. Conversely, significant
increases in gait cycle duration (duration of one complete cycle of gait, which
includes the time from the initial contact of one paw to the subsequent contact
of the same paw) and gait time (duration to walk the total distance on the
PSW) were noted. Increases in stance time, normalized maximum force, and
normalized vertical impulse were observed.

Conclusion and clinical relevance: Cavaletti height does influence TPS variables
in healthy dogs at a walking gait. The effects were most notable with regard
to velocity. Due to the lack of consistent velocity for all cavaletti heights, no
conclusions can be drawn regarding the effect of cavaletti height on ground
reaction forces. Further investigation is needed to elucidate whether it is the
velocity, cavaletti height, or combination of both that impacts ground reaction
force variables. When selecting cavaletti pole heights for a therapeutic exercise
program, an increase in cavaletti height results in a slower walking gait.

KEYWORDS

cavaletti pole, rehabilitative therapy, pressure-sensitive walkway, kinetics, dog
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1 Introduction

Objective gait analysis has gained significant attention in
veterinary medicine due to its relevance to the understanding of
locomotion and identifying gait abnormalities in companion animals.
Force plates and pressure-sensitive walkways have been used to
evaluate the kinetics of the canine gait in both research and clinical
settings (1-17). Force-plate (FP) systems provide ground reaction
force (GRF) information for one limb or footfall. Pressure-sensitive
walkways (PSW) measure temporospatial (TPS) and ground reaction
forces (GRF) information about all four limbs and multiple gait cycles
(18). PSWs have been used to characterize the TPS and GRFs in
different populations of dogs under various conditions (19-30).

Rehabilitative therapy is an evolving discipline within the field of
veterinary medicine. There has been tremendous growth in this field,
and a previous study reported that approximately 70% of veterinarians
refer patients for rehabilitation (31). Therapeutic exercises are an
important component of veterinary rehabilitation programs. Changes
in weight bearing status are used to modify and progress therapeutic
exercises in veterinary patients. Cavaletti poles are commonly
included as part of a therapeutic exercise program to improve joint
range of motion, balance, coordination, proprioception, and weight
bearing. Cavaletti poles are typically set at a low height initially, and
as the patient progresses, the pole height is increased. Additionally,
cavaletti poles of varied heights, spacing, and layouts can be utilized
to increase the difficulty of the exercise (32-40).

Walking over obstacles has been researched in human subjects.
These human studies have shown that negotiating obstacles during
locomotion is a multifaceted process that demands coordinated efforts
from various physiological systems (41). Upon approaching an
obstacle, its dimensions and surface properties are evaluated to
formulate an ideal strategy for crossing (42). Limbs are raised, and
joints are flexed and extended to clear the object. During these
moments, equilibrium is sustained through the activation of core
muscles and subtle adjustments in posture and limb alignment.
Depending on the obstacle’s size and characteristics, adaptations in
gait patterns or step lengths may be warranted to ensure adequate
clearance (43-48). In quadrupeds, such adjustments may entail
varying degrees of articulation in the thoracic and pelvic limbs
(49-51).

Bipedal and quadrupedal obstacle walking requires the
negotiation of barriers but diverges in limb usage, stability,
biomechanics, and energy expenditure. Bipedal locomotion, relying
on two limbs, entails heightened instability and places greater
demands on the musculoskeletal system (41, 42). In contrast,
quadrupedal locomotion, leveraging four limbs, offers enhanced
stability and energy efficiency (49-51).

When a bipedal animal confronts a vertical obstacle, the leading
limb starts the movement, lifting and clearing the barrier, with the
trailing limb providing stability and reinforcement. This synchronized
interplay between the leading and trailing limbs facilitates agile
obstacle negotiation while maintaining equilibrium (52). Conversely,
in quadrupedal locomotion, a dynamic interplay occurs among the
leading forelimb, trailing forelimb, leading hindlimb, and trailing
hindlimb, each fulfilling specialized roles to ensure smooth traversal
over vertical obstacles (49-51).

Studies have evaluated the kinematics, kinetics, and muscle
activation during walking, trotting, and jumping over obstacles in
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dogs and horses (53-60). The effect of fence height, increasing hurdle
heights, and differing distances between obstacles on jump kinematics
has been reported in dogs (55-57). A study evaluating hindlimb
kinematics in dogs with hip osteoarthritis when walked over carpus-
height obstacles revealed changes in stifle and tarsal joint range of
motion but no changes in hip joint kinematics (58). In studies
investigating surface electromyography in dogs walking over obstacles,
increased muscle activity of the vastus lateralis and gluteus medius was
noted (59, 60).

Despite the growth in rehabilitative therapy for veterinary
patients, there is still a lack of information regarding the specific
exercises used in therapeutic exercise programs. Limited information
is available on the gait kinetics of canines when walking over obstacles
(59-62). A recent study investigated the effects of walking over one or
two obstacles on ground reaction forces and the center of pressure
(COP) within the paws of healthy dogs. The results demonstrated
slower walking speeds, increased vertical impulse during the stance
phase of the pelvic limbs, and changes in the COP when compared to
walking without obstacles (63). To the authors’ knowledge, there are
no previously reported data published in the literature reporting
information with regard to dogs walking over multiple sequential
obstacles, such as cavaletti poles. The paucity of data leaves the
veterinary rehabilitation practitioner to base parameters for cavaletti
pole exercises on clinical experience and extrapolation from studies
on other species (human and rat). Therefore, the goal of this study was
to examine the impact of walking over multiple obstacles (cavaletti
poles) set at increasing heights on TPS and GRF parameters in healthy
dogs during a walking gait. We hypothesized that there would
be differences in both TPS and GREF variables with increasing cavaletti
pole height when compared to a walking gait.

2 Materials and methods

The study was approved by the Institutional Animal Care and Use
Committee at Oklahoma State University. Client- and staff-owned
dogs were recruited to participate in this study, and written owner
consent was obtained prior to enrollment.

A complete physical, neurologic, and orthopedic exam was
performed on all dogs by a board-certified veterinary surgeon (CAB).
The breed, age, sex, weight, and body condition score (BCS, 1-9) were
recorded. The height at the withers was measured using a commercial
measuring stick' and recorded. Dogs were excluded from the study if
they had evidence of orthopedic or neurologic disease or other
systemic diseases that would adversely affect locomotion, were not
amenable to leash walking, were not amenable to walking over
cavaletti poles, were not amenable to walking over pressure-sensitive
walkway, and/or had a measured wither height of <50 cm or>65cm.

A PSW system? was used to obtain temporospatial gait and GRF
measurements. The PSW was calibrated as per the manufacturer’s
instructions using a phantom of known weight. Data were transmitted

1 Toughl Miniature Sure Measure Height Standard, JT International,
Indianapolis, IN.
2 5-Tile High Resolution Strideway System, Tekscan Inc., South Boston, MA.
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FIGURE 1

Images of cavaletti pole and pressure-sensitive walkway (PSW) setup.
A representative image depicting six cavaletti poles set at the 6-inch
(15.2 cm) height setup over the centrally placed PSW (A). A dog with
a measured withers height of 54 cm is walked on the left-hand side
of the handler over calvaletti poles spaced 54 cm apart, set at the

2" (5.1 cm) cavaletti height that were placed over the PSW (B).

to a dedicated computer using Tekscan software (Strideway™ version
7.7) and subsequently exported to Microsoft Excel.

Prior to data acquisition, each dog was allowed to adapt to the
room where the gait analysis was performed. Once comfortable, each
dog was leash-walked around the room, over the pressure-sensitive
walkway (PSW), over cavaletti poles, and over cavaletti poles that were
set up over the PSW (Figure 1A). Dogs were walked on leash by the
same handler (TDM), on the left-hand side of the handler. Each dog
was walked at their preferred velocity over the PSW to obtain a
baseline gait evaluation at a walking gait. The dogs were then walked
over the PSW; at their preferred velocity, over which six cavaletti poles
were set (Figure 1B). Cavaletti poles® were initially set at a height of 2
inches (5.1 cm) and heights were incrementally increased to 4 inches
(10.2cm), 6 inches (15.2 cm), and 8 inches (20.3 cm) over a period of
1 to 2h. The distance between each cavaletti pole was the measured
withers height of each dog. The dogs were allowed to rest for a
minimum of 10 min between each increase in cavaletti pole height.
The trial was considered valid if the dog had three feet on the walkway;,
did not pull on the leash, did not turn its head significantly off midline,
and walked over the cavaletti poles one limb at a time. Each dog
completed multiple trials until five valid trials were completed for
each height.

Data were collected for dogs walking over the pressure-sensitive
walkway (heretofore known as “walking gait”) and over sequentially
increasing heights of cavaletti (2 inches, 4 inches, 6 inches, and 8
inches). The temporospatial data variables collected were gait velocity
(gait distance [total distance walked on the PSW]/gait time [duration
to walk the total distance on the PSW]), number of gait cycles per
minute (frequency at which a dog completes its gait cycles within a
minute), gait cycle duration (duration of one complete cycle of gait,
which includes the time from the initial contact of one paw to the
subsequent contact of the same paw), and gait time (duration to walk

3 Canine Pro-Cones, Balanced Canine Products, Denver, CO.
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the total distance on the PSW). The ground reaction force variables
collected for each limb were maximum peak pressure, stance time,
maximum force, and vertical impulse. Maximum force and vertical
impulse were measured as normalized values (% body weight (kg) and
% body weight (kg) x seconds, respectively).

Statistical analysis was performed, and data were analyzed using
mixed models general in NCSS 2019. TPS data were analyzed using a
two-factor ANOVA. The normality of the errors was evaluated using
histograms and normal probability plots and accepted. Sphericity
(homogeneity of the variances of the differences) was addressed by
assessing various repeated covariance patterns and selecting the best
(first-order autogressive) using Akaike’s Information Criterion. Data
were reported as mean +/— SD. The value of p<0.05 was
considered significant.

3 Results

In total, 32 dogs were evaluated. Of which, 25 dogs met the
inclusion criteria. Seven dogs did not meet the inclusion criteria and
were excluded from enrollment. Of the dogs excluded, one dog was
determined to have neurologic dysfunction, three dogs had a withers
height of <50 ¢cm, and three dogs were not amenable to leash walking
over the PSW. The study population included mixed breed (9),
Australian Shepherd (3), Labrador Retriever (3), Doberman Pinscher
(2), Golden Retriever (2), Border Collie (1), German Shepherd (1),
Pitbull (1), Siberian Husky (1), Standard Poodle (1), and Visla (1).
Three dogs were intact males, 14 dogs were neutered males, one dog
was an intact female, and seven dogs were spayed females. The mean
age of the dogs was 5.8 +2.9years (range: 1.5-11 years). Mean weight
and BCS were 27.5+5.6kg (range: 18-40.6kg) and 5.28+0.9 (range:
4.5-7.5), respectively. The mean withers height was 55.9+4.8cm
(range: 50-65cm).

3.1 Temporospatial variables

Walking over cavaletti poles of increasing heights resulted in significant
differences in gait velocity, number of gait cycles per minute, gait cycle
duration, and gait time as compared to the same variables obtained for a
walking gait. The gait velocity in dogs walking over 2”, 47, 6”, and 8”
cavaletti heights was significantly decreased compared to a walking gait
(p<00.001, Table 1; Figure 2). The number of gait cycles per minute was
also significantly decreased for all cavaletti heights compared to a walking
gait (p<0.001, Table 1; Figure 2). The converse was noted with both gait
cycle duration and gait time. Increasing cavaletti height resulted in an
increase in gait cycle duration for 2” cavaletti height (p<0.001) in addition
to 47, 6”, and 8” heights (p<0.001) compared to a walking gait (Table 1;
Figure 2). Gait time was also significantly increased for 2” (p=0.004), 4", 67,
and 8” (p<0.001) cavaletti height compared to a walking gait (Table 1;
Figure 2).

3.2 Ground reaction force variables
No observed differences were noted for maximum peak pressure

(Table 2). Increases in stance times were observed for all limbs at every
cavaletti height (Table 3). An increase in normalized maximum force was
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noted in the forelimbs but not in the hindlimbs (Table 4). Additionally,
increases in normalized vertical impulse were observed in both the
forelimbs and hindlimbs (Table 5). Due to the lack of consistent velocity
across all test groups, no comparisons or inferences were made regarding
these observations for ground reaction force variables.

4 Discussion

Cavaletti poles are a common component of veterinary
rehabilitation programs. These are utilized to strengthen the

10.3389/fvets.2024.1419206

muscles, promote weight bearing, improve balance and
proprioception, and increase the joint active range of motion. This
investigational study aimed to assess the impact of walking over
cavaletti poles of varying heights on temporospatial and ground
reaction variables in healthy subjects, with the ultimate goal of
enhancing comprehension regarding their potential utility in
comparative rehabilitative therapy programs for patients with
orthopedic and neuromuscular challenges.

The results of the current study demonstrated that increasing
cavaletti pole height has an effect on temporospatial variables. The

true effect on ground reaction force variables cannot be determined

TABLE 1 Comparison of the effects of cavaletti pole height on temporospatial measurements for dogs walked over a pressure sensitive walkway.

Variable Walking Gait 2" cavaletti 4" cavaletti 6" cavaletti 8" cavaletti
Gait velocity (m/s) L11+0.11° 0.97 +0.09* 0.89 + 0.09* 0.77 +0.11° 0.66 +0.11°
No of gait cycles/min 87.40 + 8.52° 79.65 + 6.97° 75.26 + 7.74° 69.05 % 6.99° 63.09 * 6.66"
Gait cycle duration (s) 0.69 +0.07° 0.76 + 0.07¢ 0.81 + 0.09* 0.88 + 0.09° 0.97 +0.11¢
Gait distance (m) 2.84%0.09 2.84+0.12 2.85%0.09 2.76 + 041 2.87 £0.09
Gait time (s) 2.54 +0.48¢ 2.97 +0.36° 3242041 3.78 +0.68' 4.55+0.94

Data represent mean + SD. **Significant difference for 27, 4, 67, 8” cavaletti height compared to a walking gait (p <0.001). ‘Significant difference for 2” cavaletti height compared to a walking
gait (p<0.001). “Significant difference for 47, 67, 8” cavaletti height compared to a walking gait (p <0.001). “Significant difference for 2” cavaletti height compared to a walking gait (p=0.004).

‘Significant difference for 47, 6", 8” cavaletti height compared to a walking gait (p <0.001).

TABLE 2 Observed maximum peak pressure (psi) for each limb.

Limb Walking Gait 2"cavaletti 4"cavaletti 6"cavaletti 8"cavaletti
Left forelimb 45.17 + 6.89 46.19 + 6.98 47.78 + 8.05 46.76 +7.23 47.16 +7.49
Right forelimb 47.44 +7.53¢ 49.06 + 7.63 49.04 +7.55 50.08 + 7.96 50.37 + 7.19¢
Left hindlimb 37.98 + 6.79 38.66 + 5.29 38.74 + 5.19 38.56 + 4.88 40.33 +5.78
Right hindlimb 40.61 + 8.75 40.09 + 5.59 40.33 +5.39 40.47 +5.13 40.99 + 5.33
Data represent mean + SD.
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Bar graph illustrates the comparison of the effects of cavaletti pole height on gait velocity (m/s), number of gait cycles per minute, gait cycle duration
(seconds), and gait time (seconds) as compared to a walking gait. Data represent mean + SD. Gait velocity is gait distance (total distance walked on the
PSW)/gait time (duration to walk the total distance on the PSW). Gait cycle duration is the duration of one complete cycle of gait, which includes the
time from the initial contact of one paw to the subsequent contact of the same paw. Gait time is the duration to walk the total distance on the PSW.
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TABLE 3 Observed stance time (seconds) for each limb.

10.3389/fvets.2024.1419206

Limb Walking Gait 2" cavaletti 4" cavaletti 6" cavaletti 8" cavaletti
Left forelimb 0.41 £0.05 0.45 +0.05 0.47 £ 0.06 0.52 £ 0.06 0.56 + 0.08
Right forelimb 0.41 £ 0.05 0.45 £ 0.05 0.48 £ 0.06 0.52 £0.07 0.57 + 0.08*
Left hindlimb 0.39 £ 0.04 0.43 £ 0.04 0.46 £ 0.06 0.50 £ 0.06 0.54 +0.08'
Right hindlimb 0.40 £ 0.04 0.44 £ 0.05 0.47 £ 0.06 0.50 £ 0.06 0.54 £ 0.08™
Data represent mean + SD.
TABLE 4 Observed normalized maximum force (%BW) for each limb.
Limb Walking Gait 2" cavaletti 4" cavaletti 6" cavaletti 8" cavaletti
Left forelimb 56.27 £9.59 57.37 £8.62 60.01+9.72 60.63 £9.72 60.79 £9.08
Right forelimb 58.90 £9.72 60.53 £ 8.56 61.80£9.18 64.11 £10.78 63.75+£9.85
Left hindlimb 4422 +£7.79 44.24 + 8.40 44.59+ 8.73 4424 £8.23 45.14+£7.78
Right hindlimb 45.18 + 8.44 44.80 +7.88 45.17£7.70 45.71 £7.99 47.40 £ 8.56
Data represent mean + SD.
TABLE 5 Observed normalized vertical impulse (%BW x sec) for each limb.
Limb Walking Gait 2" cavaletti 4" cavaletti 6" cavaletti 8" cavaletti
Left forelimb 16.32 +£3.43 18.43 +3.37' 20.35+£4.30 22,17 £3.33 23.94+4.03
Right forelimb 17.26 £3.03 19.49 £3.12 2093 £3.93 23.50 £ 3.87 25.67 £4.40
Left hindlimb 11.88+1.9 1292 +£2.11 13.73+2.30 14.58 +£2.05 16.14 +2.81
Right hindlimb 12.59 +2.28 13.42+£2.23 14.15 £2.18 1522 £ 1.98 16.87 £2.72

Data represent mean + SD.

due to the lack of consistent velocity across all test groups. We therefore
partially accept and partially reject our hypothesis.

Both gait velocity and the number of gait cycles per minute decreased
significantly for all cavaletti pole heights when compared to a walking
gait. The converse was noted for gait cycle duration and gait time, in that
both variables increased. Each incremental increase in cavaletti height
resulted in a corresponding decrease in gait velocity and the number of
gait cycles and an increase in gait cycle duration and gait time. In human
and animal studies for which obstacle walking has been investigated,
both decreased velocity and cadence have been reported. Dogs walking
over two 13-cm (5.1 inches) height obstacles, separated by 35cm (13.8
inches), resulted in a significantly slower center of pressure (COP) speed
as compared to a walking gait (62). A human study yielded comparable
results, showing reduced obstacle-crossing speed corresponding to
increased obstacle height (42). In the present study, negotiating multiple
sequential obstacles resulted in changes to temporospatial variables
presumably required to enable the successful navigation of the obstacles.

Gait velocity has been shown to influence ground reaction forces
(63-66). Therefore, the use of a constant velocity has been recommended
to minimize data variability (15). Studies have documented that as gait
velocity increases, peak vertical forces increase and stance time decreases.
A gait velocity ranging between 0.8 and 1.3 m/s has been reported for
walking (15, 18). The dogs in this study were allowed to walk over the
cavaletti poles at a comfortable pace, mirroring the approach typically
adopted in clinical practice during therapeutic exercise. When using
cavaletti poles in a therapeutic exercise program, dogs are typically
walked slowly to encourage weight bearing on all limbs. A faster pace can
often lead to the dog hopping or jumping over obstacles, avoiding the

Frontiers in Veterinary Science

need to place the affected limb on the ground, which negates the purpose
of the exercise. Therefore, to replicate clinical practice, we did not force
the dogs to walk faster. Allowing each dog to navigate the obstacles at
their own pace resulted in a decrease in the walking gait velocity with
each incremental increase in cavaletti height. Ideally, the dogs would
have walked at a set velocity for each cavaletti height. However, to
maintain a constant velocity for each cavaletti height, the dogs would
have needed to be led at a faster pace. Based on human and rodent
studies investigating obstacle walking, a decrease in velocity was
anticipated. However, the magnitude of this decrease and the specific
velocity range for canine ambulation over multiple obstacles set at
specific heights were unknown. The inability of the dogs to maintain a
consistent velocity across all cavaletti heights highlighted the impact of
increasing cavaletti height. The slower velocities observed with increasing
cavaletti height suggest modifications to walking gait patterns to
successfully navigate the obstacles. Gait velocity is a critical variable in
canine gait analysis as it directly affects ground reaction force variables.
Consequently, in this study, the increasing cavaletti height directly
affected the velocity. The velocity ranges acquired for each cavaletti
height may serve as a foundation for further investigation of our
understanding of the dynamics of the canine gait when walking over
obstacles. This information may be beneficial for therapeutic and
rehabilitation purposes as controlling gait velocity may help manage the
forces exerted on the dog’s limbs, which is important for dogs recovering
from injuries or surgeries. This information will also be valuable for
future studies related to velocity and TPS and GREF variables.
Conclusions regarding the direct effect of cavaletti height on
ground reaction forces cannot be drawn from the data obtained in this
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study. Maximum peak pressure, stance time, normalized maximum
force, and normalized vertical impulse are all affected by and
correlated with velocity. It is unclear whether the increases in stance
time, normalized maximum force, and normalized vertical impulse
observed in this study are due to the decrease in velocity, the cavaletti
height, or a combination of both. To better elucidate the effects of
cavaletti pole height on ground reaction forces, maintaining the same
walking velocity for all cavaletti heights would be necessary.

The current study presents several limitations. Most notably, the
lack of consistent velocity for all cavaletti height trials introduced
variability. The absence of established velocity ranges for dogs walking
over each cavaletti height prevented the assignment of a specific
velocity for a particular cavaletti height. These differing velocities
serve as a confounding variable when interpreting the GRF data. A
comparison to a walking gait within the velocity range corresponding
to a specific cavaletti height would further clarify the effects of the
cavaletti height on TPS and GREF variables.

A heterogeneous population of medium to large dogs was used,
resulting in a 15-cm range in withers height. A more clinically
homogeneous study population might have led to reduced variability
in the outcome variables. Although dogs underwent assessment for
overt orthopedic disease, subclinical orthopedic diseases, such as
osteoarthritis, cannot be entirely ruled out.

Radiographs could have been obtained for a more comprehensive
evaluation of forelimb and hindlimb joints to exclude dogs with
orthopedic disease. However, radiographic disease evidence may or may
not correlate with clinical disease or soundness (67). Olsson et al.
reported that clinical signs are often unrelated to radiographic severity
(68). This disparity has been explored through force-plate analysis, which
highlighted a poor correlation between radiographic osteoarthritis (OA)
and limb function (69, 70), as well as clinician- and owner-reported pain
severity, which again were not associated with radiographic severity (71).
Furthermore, in comparison to human medicine, no single clinical
scoring system has been accepted as the standard of care in the diagnosis
of canine OA with radiography (72, 73).

Additionally, the dogs were consistently led from their right side
(handler’s left side) and always in the same direction over the pressure-
sensitive walkway (PSW). Alternating the side from which the dogs
were led and the walking direction may have provided additional
insights. The sequential increase in cavaletti height was not
randomized. Randomizing the height order could have mitigated
potential biases. Finally, all trials were conducted within a single day,
possibly impacting fatigue levels and performance consistency.

The primary aim of this study was to gain a more global
understanding of both TPS and GRF in healthy dogs navigating
multiple obstacles. Therefore, an in-depth examination of the
dynamics of the leading and trailing forelimbs and hindlimbs was not
performed. Consequently, a limitation of this study arises from the
absence of detailed information regarding the leading and trailing
limbs of dogs while navigating vertical obstacles. For a comprehensive
understanding of the kinetics involved in walking over multiple
obstacles, further research is warranted to elucidate the distinct effects
on both the leading and trailing forelimbs and hindlimbs.

This investigation was conducted in a cohort of healthy dogs
without overt signs of orthopedic disease or neurologic dysfunction,
walking on a flat surface in a straight line. Further research is required
to delve deeper into the temporospatial (TPS) and ground reaction
force (GRF) variables during obstacle walking compared to walking
at a slower velocity within the range corresponding to the obstacle
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height. Subsequent studies could also explore the influence of cavaletti
height in patients with pathological conditions and varied orientations
in healthy individuals as they transition back to sporting activities.
Despite the limitations of this study, the data do provide initial
insight regarding walking exercises over cavaletti poles. Increasing
heights resulted in slower walking velocities. This information is
applicable and relevant in the clinical setting. To facilitate weight
bearing and ensure the exercise is performed correctly, the height of
the cavaletti poles can be increased, encouraging the dog to walk and
step over each obstacle and preventing the dog from moving at a faster
pace. Additional studies are warranted to further investigate the
relationship between cavaletti height and ground reaction forces.
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Surface electromyography of

the vastus lateralis and gluteus
medius muscles in post-operative
T3—-L3 hemilaminectomy dogs: a
prospective controlled
observational study

John A. Schwartz'*, Sheila Carrera-Justiz® and
Jennifer A. Repac!

!Department of Comparative, Diagnostic & Population Medicine, College of Veterinary Medicine,
University of Florida, Gainesville, FL, United States, 2Department of Small Animal Clinical Science,
College of Veterinary Medicine, University of Florida, Gainesville, FL, United States

Objective: The objective of this study was to determine if surface
electromyography (sEMG) demonstrates differences in muscle activation
between normaland dogs recovering from spinal cord injury due to intervertebral
disk extrusion.

Animals: Two groups of client-owned small-breed chondrodysplastic-type dogs
were tested. Group 1 consisted of seven ambulatory paraparetic dogs that had
undergone a hemilaminectomy procedure in the T3-L3 region for intervertebral
disk extrusion 1 month prior. Group 2 was made up of seven normal dogs that
had no history of intervertebral disk disease or spinal surgery.

Procedures: Each subject walked 10 feet on a nonslip surface for at least five
gait cycles for the sSEMG to capture muscle activation of the vastus lateralis
and gluteus medius, bilaterally. Muscle activation was quantified as the total
myoelectric output area under the curve, averaged across all gait cycles.

Results: Muscle activation was significantly greater in the post-operative
hemilaminectomy group (p = 0.012). There was a significant difference in muscle
activation between each hindlimb in the post-operative hemilaminectomy
group, but notin the normal group. The muscle activation was significantly lower
on the side that underwent surgery compared to the opposite limb (p = 0.0034).
Conclusion and clinical importance: Post-operative hemilaminectomy dogs
have greater hindlimb muscle activation compared to normal dogs, which likely
represents a lack of descending inhibition secondary to upper motor neuron
syndrome. The side of surgery is correlated with decreased muscle activation.
Surface EMG can be used to evaluate muscle activity in dogs recovering from
spinal decompression surgery.
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rehabilitation, physical therapy, sports medicine, neurology, spinal cord injury
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Introduction

Intervertebral disk disease (IVDD) is the most common spinal
disorder and the leading cause of acute paralysis in dogs (1).
Chondrodystrophic breeds are overrepresented, with Miniature and
Standard Dachshunds most affected (2, 3). Currently, paresis is mainly
evaluated through the use of observational gait scoring systems.

The most commonly utilized neurologic scoring system,
Modified Frankel Scoring (MFS), differentiates dogs into five
categories based on the presence of motor, sensation, and
ambulation status (Figure 1) (4-6). However, this scoring system
fails to take into account the more subtle nuances of patient
recovery. Dogs with a grade 2 or 3 MFS can have a wide range of
motor function that is not conveyed by the scoring system. The
American Spinal Injury Association (ASIA) impairment scale
(AIS) is used in humans to evaluate functional impairment due to
spinal cord injury (SCI). The scale includes tests not feasible to
conduct in dogs because they require voluntary movement and
verbal responses to stimuli (7).

Surface electromyography (sEMG) is a non-invasive
technology that is used to measure muscle activity and myoelectric
output. It offers an objective measure of neuromuscular function.
Previous studies have used surface sSEMG to measure muscle
activity in normal dogs and dogs with orthopedic conditions such
as hip osteoarthritis and cranial cruciate ligament rupture (8-10).
Thus far, sSEMG has not been used to evaluate neurological
canine patients.

Surface EMG is well-established inhuman literature as a
technology used in clinical rehabilitation, especially in people
with spinal cord injuries (11). The only research that has evaluated
muscle activity in dogs with myelopathies has used more invasive
needle EMG technology in anesthetized patients (12, 13). No

LRI Neurological Description

Score
Grade 1 No neurological dysfunct!on with spinal
hyperesthesia
Grade 2 Ambulatory paraparesis
Grade 3 Non-ambulatory paraparesis

Paraplegia with intact nocioception in
pelvic limbs and/or tail

Paraplegia with absent nocioception in

Crade pelvic limbs and/or tail

FIGURE 1
Modified Frankel score, used to described neurologic dysfunction.
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research has been performed using sSEMG to measure muscle
activity in dogs with myelopathies following hemilaminectomy.
The objective of this study was to determine if sSEMG demonstrates
differences in muscle activation between normal and dogs
disk extrusion (IVDE).
We hypothesize that the muscle activation pattern will be different

recovering from intervertebral
in dogs 1-month post-operative thoracolumbar hemilaminectomy
compared to normal dogs during walking.

Materials and methods

Two groups of client-owned small-breed chondrodysplastic-type
dogs weighing up to 20 kilograms were tested (Table 1). Group 1 was
comprised of seven ambulatory paraparetic dogs that had a history of
intervertebral disk extrusion with a hemilaminectomy procedure in
the T3-L3 region that was performed 1 month prior. Group 2 was
made up of seven dogs that had no history of intervertebral disk
disease or spinal surgery with normal neurological and orthopedic
examinations. The inclusion and exclusion criteria of each respective
group was as follows:

Group 1 (Post-hemilaminectomy, #="7) inclusion criteria:

« Ambulatory paraparesis

 Chondrodysplastic breeds

o Weighing up to 20kg

« Body condition score of 5/9 and muscle condition score of 3/3

« Dogs with a history of intervertebral disk extrusion with history
of hemilaminectomy in the T3-L3 region, performed
4-6weeks prior.

» Normal orthopedic exam

« Dogs with no other evidence of disk extrusion in other
spinal segments.

Group 2 (Control dogs, n=7) inclusion criteria:

 Chondrodysplastic breeds

o Weighing up to 20kg

« Body condition score of 5/9 and muscle condition score of 3/3
» Normal neurological and orthopedic exam

« No history of IVDD or spinal surgery

Exclusion criteria for both groups:

o Orthopedic abnormalities

o Other concurrent spinal cord or neurologic disease

« Dermatologic conditions that interfere with sensor placement

 Temperament not conducive to sensor placement

o Serious comorbidities or medication (e.g., anti-epileptic drugs,
glucocorticoids) that may affect mobility

All animals were assessed by a board-certified Neurologist or
neurology resident for a neurological examination and a board-
certified Sports Medicine and Rehabilitation specialist for an
orthopedic examination prior to study enrolment. During the same
visit, a telemetric unit (Myomotion; Noraxon United States, Inc.,
Scottsdale, AZ) was used to measure muscle activity. The disposable
self-adhesive dual electrodes with low impedance solid gel (2cm
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TABLE 1 Demographic data; group 1 (control group) and group 2 (post-op hemilaminectomy).

Patient Breed Age (years) Sex Weight (kg) Surgery MES grade
Group 1
1 Miniature Dachshund 8 M 7.6 n/a n/a
2 Miniature Dachshund 3 F 42 n/a n/a
3 Chihuahua Mix 4 M 4.8 n/a n/a
4 French Bulldog 1 M 15.7 n/a n/a
5 Miniature Dachshund 8 M 7.6 n/a n/a
6 Chihuahua Mix 5 F 6.8 n/a n/a
7 Miniature Dachshund 8 M 7.3 n/a n/a
Group 2
8 Chihuahua 10 M 6.1 Right T11-T12 2
9 Havanese mix 3 F 6.2 Right T11-T12 2
10 Miniature Dachshund 11 M 5.0 Left L1-L2 2
11 French Bulldog 5 M 18.2 Right T13-L1 2
12 Papillon 8 M 4.7 Right T13-L1 2
13 Chihuahua Mix 6 M 16.0 Right T11-T12 2
14 Miniature Dachshund 5 F 4.9 Right T11-T12 2

spacing) and sensors were applied and positioned using adhesive
barrier wipes (Skin-Tac™; Torbot Group Inc., Toledo, OH) to clean
and shaven skin over the vastus lateralis and gluteus medius
muscles, bilaterally as previously described (Figure 2) (9). Each
subject was leash-walked with a slip lead or encouraged to walk
toward an investigator at a comfortable walking pace over a marked
10 ft. nonslip surface for the SEMG to capture muscle activation
over five gait cycles within the defined distance. The data were
processed and smoothed to remove noise using an infinite impulse
response (IIR) bidirectional lowpass Butterworth filter (<50 Hz
and >450Hz) (14-16). Data were normalized to the peak amplitude
within each animal’s gait cycle using a 500 ms window. The total
SEMG burst area was calculated by adding up all points within the
burst after subtracting the background sEMG and then averaged
across all gait cycles to create a mean area under the curve as a
percentage of muscle activation.

Statistics

Statistical analysis was performed using JMP®, Version 17 (SAS
Institute Inc., Cary, NC). A linear mixed model was used to analyze
the data with the patient as a random effect and surgical side, muscle,
and their interaction as fixed effects. Model assumptions, normality,
and constant variance were checked via inspection of model residuals.
Tukey’s multiple comparison procedure was used to test for pairwise
mean comparisons. A linear contrast was used to test for overall
differences between surgical groups. A p-value <0.05 was considered
statistically significant. Based on previous studies, we predicted mean
muscle activation would have a standard deviation of 0.95 and the
correlation between normal and post-operative dogs would be 0.5 (8).
Based on our parameter choices, we used 14 participants for a desired
power of 0.90 and a Type I error rate of 0.05.

Frontiers in Veterinary Science

FIGURE 2
The position of the dual electrodes and sensors over the left vastus
lateralis and gluteus medius muscles.

Results

The age, sex, MFS, surgical location, and body weight of all
dogs of the post-hemilaminectomy dogs are described in Table 1.
There were no statistically significant differences between the two
groups with respect to age, sex, and weight (p>0.05). Muscle
activity was significantly greater in the hemilaminectomy group
(p=0.012) compared to the normal group (Figure 3; Table 2). A
significant difference was also seen between each hindlimb within
the post-operative group. The sum of the combined muscle
activity was significantly greater in the contralateral limb opposite
the limb on the surgical (p=0.0034; Figure 4). There were no
significant differences in muscle activity between the different
muscle groups.
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Discussion

The use of sSEMG is a widely accepted outcome measure in both
human spinal cord injury research and clinical physical rehabilitation
(17). In veterinary literature, previous studies have been primarily
focused on using SEMG to measure muscle activity in normal dogs
and in dogs with orthopedic conditions, but never those affected by
neurologic disease.

=)
T

Mean Area (%)

Control Group Hemilaminectomy Group

FIGURE 3

Muscle activity of vastus lateralis and gluteus medius between
control group and post-operative hemilaminectomy group. The
hemilaminectomy group had significantly greater muscle activity
(15.34 + 2.41%) than the control group (11.52 + 2.43%, *represents
significance at p = 0.012).

10.3389/fvets.2024.1431843

This study found significantly greater muscle activation in the
post-op hemilaminectomy compared to the control group. Thus,
our hypothesis that the muscle activation pattern will be different
in dogs one-month  post-operative  thoracolumbar
hemilaminectomy compared to normal dogs during walking was
supported. However, we initially expected that the post-op
hemilaminectomy group would have decreased muscle activity

due to paresis.

20 *

15
g
8
<

§ 10+
=

5

0-

Surgical Side Non-Surgical Side
FIGURE 4

The sum of combined muscle activity between each hindlimb within
the post-operative hemilaminectomy group. The muscle activity was
significantly greater in the limb on the non-surgical side

(17.92 + 445%) compared to the post-hemilaminectomy group
(12.77 + 4.67%, *represents significance at p = 0.0034).

TABLE 2 Mean area and standard deviation of muscle activation; group 1 (control group) and group 2 (post-op hemilaminectomy).

Patient Total Left Hindlimb Right Hindlimb
Mean + SD Mean Mean

Group 1

1 9.45+3.88% 12.25+2.05 6.65+3.10

2 9.46+8.36% 8.15+8.00 10.77£11.79

3 11.65+2.67% 12.48+3.85 10.83+1.94

4 11.55+1.80% 11.40£2.69 11.70 £ 1.60

5 10.33+0.29% 10.55+0.21 10.10+0

6 16.55+5.27% 15.25+£0.92 17.85+8.70

7 11.66 +6.36% 12.00£1.70 11.32+10.87
Group 2 Patient Total Mean +SD Surgical Side Mean Non-Surgical Side

Mean

8 13.94+12.56% 3.08+0.76% 24.80+01.13%

9 12.16£2.17% 11.11+£1.82% 13.20£2.55%

10 13.65+2.28% 13.60 +3.68% 13.70+1.14%

11 17.13£5.09% 15.10+£7.21% 19.15+3.04%

12 18.26 £5.92% 14.62+7.19% 21.90+0.42%

13 17.98+7.71% 17.45+3.46% 18.52+12.82%

14 14.30£4.69% 14.40£5.37% 14.19£6.10%
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Dogs with intervertebral disk extrusions (IVDE) in the T3-L3
spinal cord segment typically display signs of upper motor neuron
(UMN) syndrome. This consists of paresis, ataxia, and spasticity in the
hindlimbs. The UMN pathways inhibit both the extensor and flexor
muscles. However, most T3-L3 lesions that affect these pathways
release the extensor motor neurons from inhibition, resulting in
hypertonia (18). The increase in muscle activity can cause paresis and
ataxia because the normal inhibition of these muscles is what results
in a smooth and regulated gait. The greater muscle activity in the
post-op hemilaminectomy group may be explained by this hypertonia.

Within the post-op hemilaminectomy group, there was also
significantly less muscle activation in the limb on the surgical side
compared to the non-surgical side. The laterality of the surgical
decompression is determined based on the side with the greatest
spinal cord compression. For this reason, dogs are usually more
paretic on the same side as the surgical site. That the increased muscle
activity of the limb on the non-surgical side is due to a combination
of increased UMN spasticity and increased voluntary motor function.
Human medical literature shows that patients with SCI can experience
increased muscle activity due to spasticity. For example, in studies
using sSEMG, involuntary muscle activity at rest was found to
be significantly higher in SCI participants compared to able-bodied
control participants (17). Additionally, using SEMG has been shown
to measure reflex hyperexcitability and determine the occurrence of
muscle spasms in individuals with SCI (19, 20).

This study had limitations due to the sample size and the patient
population we used. Although a power analysis was performed, the
sample size remained relatively limited. It was also challenging to fit
SsEMG sensors and electrodes on the hindlimbs of chondrodysplastic
dogs weighing less than 20kg. This is why sensors were placed on
only two muscles (vastus lateralis and gluteus medius muscles),
compared to previous studies, which also include the biceps femoris.
Previous studies have typically used larger breed dogs, such as
Labrador Retrievers, Golden Retrievers, Weimaraners, and
shepherds (8, 9, 14, 21). Chondrodystrophic dogs were selected for
this study because they are most representative of the population
undergoing hemilaminectomies. In addition to smaller anatomy,
variations in body condition and skin movement can make it
difficult to isolate individual muscle activity (22, 23). In humans, it
has been shown that increased body fat and body mass index can
contribute to a lower recording of bioelectrical activity when using
sEMG (24). Surface EMG cannot measure the activity of deep
muscles so it is not as precise as conventional EMG, which uses a
needle that can be placed into the exact muscle body of interest. This
is why all the patients included in this study had to have an ideal
body condition score of 5/9 and a normal muscle condition
score of 3/3.

In human sEMG studies, data is normalized to a maximum
voluntary contraction, which helps define muscle activity as a
percentage of that maximum value (14). This cannot be performed in
dogs, so a maximum dynamic contraction is used instead as a baseline
by having a dog perform a high-intensity exercise (25). Because our
patient population was recovering from hemilaminectomy surgery
and still had neurological deficits, a maximum dynamic contraction
could not be used to normalize the data. Instead, we measured the
muscle burst duration as an area under the curve as a percent during
the gait cycle to obtain the muscle activity values (26).
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While SEMG is non-invasive and relatively user-friendly, EMG
overall has several limitations. A significant drawback is the
requirement for isometric contractions to establish a reliable
quantitative relationship between EMG signals and muscle force (27).
Non-linearities and signal non-stationarities are introduced by
anisometric contractions, which can complicate analysis and
interpretation. Additionally, intrinsic anatomical and physiological
factors, such as the number of active motor units, their proximity to
the electrode, the detection volume of the electrode, and the presence
of subcutaneous tissue, can influence the EMG signal’s amplitude.
The interpretation of the EMG signal is further complicated by
crosstalk from nearby muscles and the instability of motor unit
activation patterns during dynamic contractions (27).

Future studies could potentially use scales such as the Ashworth or
Olby scales to better understand the relationship between muscle
activity and clinical status of disease than the more simplified MFS that
was used in this study. The Modified Ashworth Scale is the predominant
clinical measure utilized to evaluate muscle spasticity in human patients
diagnosed with neurological conditions. The scale assesses resistance
experienced during passive range of motion and is used to evaluate the
efficacy of pharmacologic and physical rehabilitation interventions
(28). The Olby scale is a 14-point SCI grading scale that was validated
in dogs to assess neurological function following spinal cord injury
(29). It evaluates voluntary movement, muscle tone, and sensation to
accurately quantify the extent of recovery in dogs following SCI.

Compared to human medicine, there is less research and
validation of SEMG techniques in veterinary medicine (30). This is
mainly due to the lack of standardized protocols, reference values, and
established clinical applications. Widely available sSEMG systems are
also typically designed for human use, which can make it difficult for
veterinary-specific applications. Though additional research is needed,
this study has shown that SEMG can be used to measure muscle
activity in ambulatory paraparetic dogs following SCI.

Conclusion

Surface EMG can be used to evaluate muscle activity in dogs
recovering from T3-L3 IVDE. There is greater muscle activity in dogs
that have undergone hemilaminectomy surgery compared to normal
dogs. This increase is most likely due to hypertonia resulting from
UMN syndrome. To gage the recovery progress of dogs who have
undergone spinal decompression surgery, research is needed to
determine whether sSEMG can be employed as an effective prognostic
indicator for dogs recovering from a T3-L3 myelopathy due to IVDE.
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Objective: The aim of this study was to identify the type of veterinary care sought
by handlers of injured agility dogs, the types of treatments the dogs received,
and the timeframe for return to training and competition.

Procedures: Owners of agility dogs completed an internet-based survey.
They were instructed to report injuries that had kept the dog from training or
competing for over a week, identify which area(s) of the body had been injured
and answer questions about the most severe injury to each body part. Additional
questions included if handlers had sought veterinary care, who primarily
determined treatment, type of treatment(s), and length of time before the dog
could return to full training and competition.

Results: This sample included data on 1,714 total injuries from 1,256 unique
dogs. Handlers sought veterinary care for over 80% of injuries across all
anatomical locations. Handlers were most likely to seek specialty veterinary care
for reported injuries to the stifle (71%), iliopsoas (63%) and tibia (61%), and least
likely for reported injuries to the carpus (34%), metatarsus (33%) and metacarpus
(22%). Treatment of reported injuries to the antebrachium and stifle were most
likely to be directed by a veterinarian (>70%), while reported injuries of the thigh
(51%) and hip (53%) were least likely. Rest was the most common treatment
for all injuries. Return to sport within 3months was common (>67%) for most
perceived injury locations, though dogs with reported stifle injuries took longer
to return to competition and had a higher rate of retirement.

Conclusion and clinical relevance: Owners of agility dogs have a high rate
of seeking veterinary care for injuries. Overall return to sport rates were high,
with the stifle being the notable exception. Future studies regarding specific
treatment of injuries in agility dogs, and how injuries and their treatment affect
return to agility after injury are required to provide optimal care protocols for
these canine athletes.

KEYWORDS

agility, dog, injury, thoracic limb, pelvic limb, treatment, outcome
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1 Introduction

Canine agility is one of the most popular dog sports worldwide
and participation has grown, with entries into sponsored events by the
American Kennel Club increasing 38% from 2009 to 2019 (1). There
has also been an increase in reported injuries in agility dogs, with an
overall injury rate of 41.7% reported in 2019 compared to 32%
reported the previous decade (2, 3). The increased injury rate, as well
as the increasing participation in the sport, require refined knowledge
of injury treatment and outcomes to provide the best care
recommendations for these patients.

Numerous retrospective survey studies have reported on types of
injuries reported by owners of agility dogs. These studies have shown
that reported shoulder injuries are common, with back injuries also
commonly reported (2-6). Reported overall return to competition
timelines have varied from relatively quick resolution with 71%
returning to agility in less than 4 weeks in one study (4) and 50%
returning in less than 1 month in another (3), to relatively longer
resolution with only 26% returning in less than 3weeks and 33%
taking longer than 8 weeks to return to competition (6). However,
none of these studies have examined return to agility timelines by type
of injury.

A handful of these studies have also provided limited information
about treatment of injuries among agility dogs. The reported
percentage of dogs being treated by any veterinarian varied from 41
to 78% (3, 4, 6). One previous study reported the frequency of various
therapies among all injured agility dogs, but this information was not
specific to the type of injury (6). Given the growth of sports medicine
and rehabilitation as a veterinary specialty, as well as increased
availability of additional treatment modalities such as orthobiologics,
this study sought to characterize the types of professionals consulted,
as well as the types of treatments used by agility handlers when their
dog has a perceived injury keeping it from agility training and
competition. Given the variety in return to sport timelines in previous
studies, we also aimed to provide further description of return to sport
timelines among agility dogs specific to the perceived anatomic
location of the injury. Having a baseline of timeframe for return to
agility following specific injuries may help guide the practitioner in
developing expectations for clients as to how long the period of
convalescence may be when their dog is injured.

Given the paucity of information specific to perceived injury
location in the literature, the objectives of this study were to describe
the type of veterinary care sought by handlers of injured agility dogs,
the types of treatments the dog received, and the timeframe for return
to agility training and competition.

2 Materials and methods

2.1 Study design

Data were acquired from an internet-based survey that was
distributed primarily via social media during a 6-week period in 2019
(2). Individuals were eligible if they had at least one dog competing in
agility in the past 3 years. Dogs were not required to have an injury for
handlers to complete the survey. If handlers had more than one dog
that was eligible, alphabetical order using the name of the dog was
used to select the dog for which the survey was completed. The
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research protocol and survey were reviewed and approved by The
Ohio State University Institutional Review Board.

Information about the survey has been previously published in
detail (2). Briefly, handlers were asked if their dog ever had an injury
that kept them from training or competing in agility for greater than
1 week. If the answer was yes, they were asked to identify all locations
on the body where they believed the dog had been injured, based on
a diagram illustrating and naming anatomic regions (2). Specific
questions regarding each injured anatomical region were then asked.
If the dog had experienced more than one injury to the same
anatomical region, owners reported information for the injury that
had kept the dog out of agility training and competition for the longest
period of time.

Questions specific to the injury included what type(s) of care had
been sought, who primarily determined treatment, the type of
treatments utilized, and the length of time before the dog could
return to full agility training and competition. The following options
were provided regarding type of veterinary care sought: primary care,
veterinary specialist, chiropractor, and other; owners were instructed
to check all that applied. Similarly, owners were asked to check all that
applied for options regarding treatment pursued: rest, medication,
home rehabilitation, formal rehabilitation, regenerative medicine,
surgery, and other. If surgery was selected, a follow up question asked
owners to select the type of surgery from a pre-populated list specific
to each anatomical region or write in the type of surgery if not listed.
Owners were also asked who primarily determined treatment: a
veterinarian, another professional (chiropractor, massage therapist,
etc.), an agility trainer or friend, or the owner themself.

2.2 Statistical analysis

The percentage of owners endorsing each option for type of
veterinary care sought (if any) and each treatment option was
calculated for each anatomical region and 95% confidence intervals
for these proportions were calculated using the Wilson score interval.
As a descriptive study, no formal statistical testing was done to
compare these percentages across regions. To characterize the
reported length of time to return to competitive agility by anatomical
region, dogs that were reported to be still undergoing treatment were
excluded (as the time of the original injury was not available). Then
the percentage of dogs who returned to sport within 1 month, within
3 months, within 6 months, within 1year, and after more than a year
were calculated, along with the percentage of dogs who were retired.
This paper details injuries reported to be sustained to the thoracic
limb (metacarpus, carpus, antebrachium, elbow and shoulder), as
well as those to the pelvic limb (hip, iliopsoas, thigh, stifle, tibia,
tarsus, and metatarsus). All statistical analyses were conducted using
Stata v15.1.

3 Results

The sample included data from 4,197 dogs. This paper reports
data on 1,714 total injuries from 1,256 unique dogs (some dogs
contributed data on more than one injury).

Across all anatomical regions, owners reported seeking
veterinary care for a large majority of injuries (range 80-97%,
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TABLE 1 Type of veterinary care sought by owner-reported injury location.

Injury location N2

Veterinary Saw primary
care was care

Saw veterinary Saw

10.3389/fvets.2024.1409199

Veterinarian

specialist chiropractor/  primarily determined

sought veterinarian other treatment
Thoracic Limb
Shoulder 522 448 (86%) 266 (51%) 247 (47%) 186 (36%) 300 (57%)
Elbow 81 70 (86%) 42 (52%) 36 (44%) 20 (25%) 44179 (56%)
Antebrachium 38 31 (82%) 25 (66%) 18 (47%) 5 (13%) 28 (74%)
Carpus 148 127 (86%) 83 (46%) 62 (34%) 29 (16%) 94/147 (64%)
Metacarpus 55 45 (82%) 36 (65%) 12 (22%) 12 (22%) 37 (67%)
Pelvic Limb
Hip 143 116 (81%) 80 (56%) 66 (46%) 48 (34%) 76 (53%)
Tliopsoas 326 288 (88%) 147 (45%) 207 (63%) 115 (35%) 180 (55%)
Thigh 102 82 (80%) 52 (51%) 45 (44%) 22 (22%) 52 (51%)
Stifle 213 206 (97%) 118 (55%) 152 (71%) 47 (22%) 149 (70%)
Tibia 31 25 (81%) 13 (42%) 19 (61%) 5 (16%) 20 (65%)
Tarsus 34 32 (94%) 21 (62%) 18 (53%) 13 (38%) 21 (62%)
Metatarsus 21 18 (86%) 14 (67%) 7 (33%) 3 (14%) 13 (62%)

*With available treatment data.

Table 1; Figure 1A). Owners were most likely to seek any
veterinary care (97%) and specialty veterinary care (71%) for
reported stifle injuries. Owners were also likely to seek specialty
veterinary care for reported iliopsoas (63%) and tibia (61%)
injuries (Table 1; Figure 1B). Owners stated that a veterinarian
primarily determined treatment for over 50% of injuries across all
reported locations (range: 51-74%, Table 1; Figure 1C), with
percentages exceeding 70% for the stifle and antebrachium
(Figures 1D,E).

Reported treatments were generally similar across all injuries
to the pelvic and thoracic limbs (Table 2; Figure 2). Rest was the
most common treatment reported (above 85% for all except stifle,
Table 2; Figure 2A), and medication use was also similar across all
locations (46-60%, Table 2; Figure 2B). There was greater
variation in the percentage of owners reporting both home and
formal rehabilitation as a treatment based on perceived injury
location. Both formal and home rehabilitation were most
frequently utilized for reported iliopsoas and tarsal injuries
(Table 2; Figures 2C,D). Regenerative medicine and surgery were
infrequent treatments for all locations, except surgery was
common (44%) for reported stifle injuries (Table 2; Figures 2E,F).
Of the 94 dogs who had surgery for treatment of their reported
stifle injury, owners stated that 63 (67%) had a corrective
osteotomy for cranial cruciate ligament (CCL) rupture. The
remainder were stated to be luxating patella correction (n=15;
16%), lateral suture stabilization for CCL rupture (n=9; 10%), or
another surgery (n=7; 7%).

Return to training and competition within 3 months was common
(>67%) for most perceived injury locations (Table 3; Figure 3A).
Prolonged convalescence (>6 months or retired) was noted for injuries
reported to be to the iliopsoas, stifle, tibia, and tarsus, with reported
stifle injuries having the longest time to return to sport (Table 3;
Figure 3B). Retirement rates were low (11% or lower) for all locations
except stifle (23%) and tarsus (18%) (Table 3; Figure 3C).

Frontiers in Veterinary Science 79

4 Discussion

This study describes veterinary care, treatment and outcomes
following injury to the thoracic and pelvic limbs as reported by
owners of agility dogs. This population of handlers sought
veterinary care for 80-97% of reported injuries in their agility dogs,
regardless of perceived anatomical location. These percentages are
higher than previous reports from North America and Finland
where veterinary care for agility dog injuries was sought 40-80% of
the time (3, 4, 6). Differences may be due to variability in the
wording and definitions in questions related to injuries, selection
bias in the surveys, or changes in mindset of handlers regarding
treatment of injuries over time. This study asked owners to report
on the most serious injury to each specific location, whereas Inkila
et al. (6) studied all injuries within a calendar year, and thus likely
reported on a larger percentage of minor injuries as compared to
this study. Perceived minor injuries may have influenced the
handlers to not seek veterinary care, resulting in the lower
percentage of owners seeking veterinary evaluation overall. The
increased percentage of handlers seeking veterinary care in 2019, as
compared to the 2009 survey by Levy et al. (4), and 2013 survey by
Cullen et al. (3) could be a result of the growth of sports medicine
and rehabilitation specialty care. Canine rehabilitation became
increasingly popular in Europe and the United Kingdom in the
1980’s, with North America closely following in the 1990’ with
recognition by the AVMA of the American College of Veterinary
Sports Medicine and Rehabilitation in 2010 as the newest specialty
in veterinary medicine (7). Thus, the development of sports
medicine and rehabilitation as a specialty recognized by the
American and European specialty colleges has likely increased
awareness of sport related injuries among agility handlers.

In this study, handlers sought specialty veterinary care most
commonly for reported stifle injuries (71%). The higher rate of
specialty care pursued for reported stifle injury compared to others
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FIGURE 1
Type of veterinary care sought by owner-reported injury location. Bars indicate 95% confidence intervals for the estimated proportions. Panel
(A) shows the percentage of dogs that sought any veterinary care, panel (B) shows the percentage of dogs in which a veterinarian determined
treatment, panel (C) shows the percentage of dogs that sought primary veterinary care, panel (D) is the percentage of dogs that saw a veterinary
specialist and panel (E) shows the percentage of dogs that sought care from a chiropractor/other.

TABLE 2 Types of treatment pursued by owner-reported injury location.

Injury Medication Home Formal Regenerative Surgery
location rehabilitation rehabilitation medicine

Thoracic Limb

Shoulder 475 (91%) 242 (46%) 282 (54%) 193 (37%) 44 (8%) 31 (6%)
Elbow 71 (88%) 47 (58%) 42 (52%) 25 (31%) 3 (4%) 5(6%)
Antebrachium 35 (92%) 24 (63%) 18 (47%) 8 (21%) 1(3%) 4(11%)
Carpus 138 (93%) 89 (60%) 51 (34%) 42 (28%) 8 (5%) 7 (5%)
Metacarpus 50 (91%) 33 (60%) 14 (25%) 6 (11%) 2 (4%) 4 (7%)
Pelvic Limb

Hip 123 (86%) 75 (52%) 71 (50%) 57 (40%) 7 (5%) 8 (6%)
Tliopsoas 300 (92%) 154 (47%) 223 (68%) 184 (56%) 10 (3%) 0(0%)
Thigh 94 (92%) 48 (47%) 56 (55%) 39 (38%) 2(2%) 3 (3%)
Stifle 159 (75%) 107 (50%) 106 (50%) 90 (42%) 22 (10%) 94 (44%)
Tibia 27 (87%) 17 (55%) 16 (52%) 10 (32%) 1(3%) 3 (10%)
Tarsus 29 (85%) 18 (53%) 25 (74%) 15 (44%) 5 (15%) 6 (18%)
Metatarsus 18 (86%) 12 (57%) 7 (33%) 7 (33%) 1(5%) 2(10%)
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FIGURE 2
Types of treatment pursued by owner-reported injury location. Bars indicate 95% confidence intervals for the estimated proportions. Panel (A) shows
the percentage of dogs that underwent rest, panel (B) shows the percentage of dogs where medication was chosen as treatment, panel (C) shows the
percentage of dogs that underwent home rehabilitation as treatment, panel (D) shows the percentage of dogs that underwent formal rehabilitation as
treatment, panel (E) shows the percentage of dogs that underwent treatment in the form of regenerative medicine, and panel (F) shows the
percentage of dogs that underwent surgery as treatment.

TABLE 3 Time to return to competition by owner-reported injury location.

Injury location N2 <1 month 1-3 months 4—6 months 6-12mo >1year Retired
Thoracic Limb

Shoulder 485 165 (34%) 164 (34%) 62 (13%) 47 (10%) 20 (4%) 27 (6%)
Elbow 77 27 (35%) 31 (40%) 6 (8%) 4(5%) 2 (3%) 7 (9%)
Antebrachium 36 17 (47%) 8 (22%) 8 (22%) 1(3%) 1(3%) 1(3%)
Carpus 136 63 (46%) 39 (29%) 16 (12%) 3.(2%) 2 (1%) 13 (10%)
Metacarpus 53 30 (57%) 13 (25%) 2 (4%) 1(2%) 2 (4%) 5 (9%)
Pelvic Limb

Hip 136 50 (37%) 43 (32%) 16 (12%) 9 (7%) 3(2%) 15 (11%)
Tliopsoas 301 51 (17%) 118 (39%) 71 (24%) 32 (11%) 11 (4%) 18 (6%)
Thigh 96 35 (36%) 42 (44%) 10 (10%) 5 (5%) (0%) 4 (4%)
Stifle 194 24 (12%) 35 (18%) 37 (19%) 32 (16%) 21 (11%) 45 (23%)
Tibia 26 6 (23%) 7 (27%) 6 (23%) 4 (15%) 2(8%) 1 (4%)
Tarsus 33 4(12%) 13 (39%) 3 (9%) 3 (9%) 4(12%) 6 (18%)
Metatarsus 19 11 (58%) 5 (26%) 2 (11%) 1(5%) 0 (0%) 0 (0%)

“With treatment resolved (those who reported that treatment was ongoing are excluded).
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FIGURE 3
Percentage of dogs returning to training and competition by owner-reported injury location within different time frames. (A) Shows the percentage of
dogs returning within 3 months, (B) shows the percentage of dogs who took more than 6 months or were retired, and (C) shows the percentage of
dogs who were retired.

may be due to the nature of stifle injury. The most reported stifle
injury was cranial cruciate ligament (CCL) injury, for which
advanced surgical intervention is often the treatment of choice, as
surgical treatment results in better outcomes than conservative
management, with corrective osteotomies reported to have a better
outcome than other surgical procedures such as extracapsular
stabilization (8-11). Given the advanced skills necessary to
perform an osteotomy stabilization, many of these cases are
referred to specialists for care. In contrast, reported distal limb
injuries were least frequently seen by a specialist, with only 22% of
metacarpal injuries and 33% of metatarsal injuries seen by a
specialist. This may be due to the comfort level of primary care
veterinarians in treating distal extremity injuries, as many only
require rest and do not often require advanced diagnostics
or treatment.

Reported iliopsoas injuries were also seen frequently by
veterinary specialists (63%). Definitive diagnosis of this injury
requires advanced imaging such as musculoskeletal ultrasound or
magnetic resonance imaging (MRI), which are most commonly
available in specialty practices. It is also often a diagnosis of exclusion
of underlying pathology. Evaluation can be time consuming and
challenging, and as such these cases are often referred (12-15).
Iliopsoas injuries are most commonly treated with rest in
combination with formal rehabilitation and are rarely treated
surgically (16). Therefore, it is not unexpected that our study showed
that rest was the most common treatment, followed by home
rehabilitation and formal rehabilitation.

Interestingly, only 47% of dogs with reported shoulder injuries
were seen by a veterinary specialist. The most reported specific
shoulder injuries
tendinopathy, and medial shoulder instability, all of which also

were biceps tendinopathy, supraspinatus
require advanced imaging, such as musculoskeletal ultrasound, MRI,
or arthroscopy for definitive diagnosis (2, 17-20). It is unknown why
fewer handlers of dogs with shoulder injuries seek specialty veterinary
care compared to other complex soft tissue injuries like iliopsoas
injuries given their complexity in obtaining a definitive diagnosis and
treatment required for return to sport.

Frontiers in Veterinary Science

Conservative treatment options in this survey included rest,
medication, home rehabilitation, and formal rehabilitation. Rest was
the most reported treatment among all reported locations of injury.
Medication was also a prevalent treatment for all injury locations,
with reported use in 46-60% of cases. This may be due to the fact that
most injuries sustained by agility dogs are soft tissue injuries that
historically have been treated with rest and medications (4, 21).
Among the thoracic limb injuries, home and formal rehabilitation
was most often pursued for reported shoulder injuries. As noted
earlier, the most commonly reported injury to the shoulder was
biceps tendinopathy representing about 19% of shoulder injuries in
agility dogs (2). Treatments reported to result in improvement in
biceps tendinopathy include extracorporeal shockwave therapy and
rehabilitation therapy exercises, so the higher rates of rehabilitation
therapy in shoulder injuries is not surprising (18, 22). For pelvic limb
injuries, home and formal rehabilitation were most frequently sought
by handlers for reported iliopsoas injuries. While there is minimal
research evaluating response of iliopsoas injuries to rehabilitation
therapy, it is generally accepted that rest and rehabilitation therapy
are the treatments of choice (14, 16, 23).

Regenerative medicine was most often pursued for injuries
reported to be to the shoulder (8%), stifle (10%) and tarsus (15%),
but overall use was low. Orthobiologics, such as platelet rich plasma
(PRP), are frequently utilized in human athletic injuries, such as
hamstring, anterior cruciate ligament (ACL), and ankle injuries, and
have shown shorter return to play rates as compared to those athletes
that did not receive platelet rich plasma as a part of their treatment
plan (24-27). Based on this survey, the use of regenerative therapies
is not yet a mainstay of therapy in canine agility injuries. Initial
retrospective studies have reported improvement in shoulder and
stifle injuries with orthobiologics, however prospective data is
lacking (28-30). If prospective studies demonstrate improved
outcomes and return to sport after injury in canine athletes, it is
likely that regenerative medicine will become a more common
treatment modality.

The ability and the time needed to return to sport is often of
utmost concern to the agility handler. In this study, reported return
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to agility training and competition rates were high (89% or above)
across all anatomic regions except stifle (77%) and tarsus (82%). The
only previous report described an overall rate of return to agility after
injury of 67%, with a decreased rate of return to agility competition
in surgically treated dogs (61%) as compared to conservatively
treated dogs (70%), among all injuries (31). The higher return to
sport rates in our study may reflect increased access to specialty care
and improved treatment options, but may also reflect differences
between the samples due to differences in recruitment and injury
definition. What was not ascertained via this survey is the number of
owners who returned to sport with clearance from a veterinarian.
Owners may have elected to return to sport sooner than
recommended, or without veterinary oversight at all.

The high rate of retirement among reported stifle injuries was
not surprising, as previous studies have noted a very high rate of
retirement (35-48%) following surgical correction of CCL injury
(31, 32). Among the 72 dogs in our sample who underwent any
surgical correction of CCL injury, 22 (31%) did not return to
training or competition, with the retirement rate among the dogs
who underwent osteotomy qualitatively lower (18/63; 29%) than
those who underwent lateral suture stabilization (4/9; 44%).
Previous studies regarding outcomes after surgical treatment of
CCL rupture in the general canine population show that patients
who undergo a tibial plateau leveling osteotomy (TPLO) have an
excellent return to function and secondary high owner satisfaction
(8, 33, 34). However, outcome and return to agility competition-
level function following surgical treatment of the stifle is much
lower than the reported success rates in the general dog population.
When comparing ACL tears in elite human athletes, a recent meta-
analysis estimated the return to sport at a similar sports
performance level is 83% (35), which is higher than we observed for
canine athletes with CCL tears. This is likely due to the differences
in pathophysiology of cruciate ligament disease between humans
and canines. Cruciate disease in dogs is typically degenerative in
nature, with a smaller percentage of cases being traumatic, whereas
ACL tears in humans are predominantly traumatic in origin (36).
Given the differences in pathophysiology, canine ligamentous repair
has not proven successful and stabilization using osteotomy-based
procedures like TPLO are the standard of care, whereas standard of
care in humans is primary ligamentous repair followed by extensive
physical therapy (37, 38). Due to the differences in pathophysiology
and repair between human and canines, it is possible that canine
athletes have more chronic and degenerative changes and secondary
osteoarthritis compared to their human counterparts, thereby
resulting in more challenges with returning to competition-level
sport. However, this is difficult to infer as the prevalence of
osteoarthritis in this patient population is not known. Furthermore,
the rate of meniscal injury concurrently seen with cruciate injury
in dogs is significantly higher than that of humans (39). This could
also impact ability to return to high level sport post-injury. The
percentage of dogs receiving post-operative rehabilitation therapy
is also likely significantly lower than in humans, which could also
contribute to the lower rates of returning to sport-level functionality.
Although rehabilitation therapy has been noted to benefit patient
outcome post TPLO by increasing muscle mass and stifle range of
motion, it is not currently standard of care and the frequency of
post-operative rehabilitation therapy is unknown in the canine
population (36, 40-44).
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The high rate of retirement following reported tarsal injury was
unexpected. When evaluating this survey population, most of the
reported tarsal surgical procedures were due to fracture (2). Racing
greyhound athletes have a high rate of tarsal injuries and fractures
that typically require retirement from the sport, with greater than
29% of dogs retiring following surgery (45). The higher rate of
retirement and reduced ability to return to sport after tarsal injury is
likely due to the complex nature of the tarsal joint and sequelae
associated with injury such as degenerative joint disease, which is
typically not well tolerated in the tarsal joint, particularly in highly
competitive athletic dogs (45).

In contrast to the stifle and tarsus, handlers in this study reported
a 94% return to sport among dogs after a reported shoulder injury,
which is similar to previous studies (30). No prospective studies have
assessed what type of treatment is ideal for shoulder injuries, with
treatments ranging from formal rehabilitation therapy alone, to a
variety of regenerative medicine treatments, and surgical intervention
(29, 30, 46, 47). Shoulder injuries in human athletes in sports such as
baseball have low rates of return to play and return to prior
performance. One study compared surgical and non-surgical
treatments for baseball pitches and reported similar return to play
rates (39 and 40%, respectively) and slightly higher return to prior
performance in those treated non-surgically (7% vs. 22%) (48).
Return to prior performance rates in human baseball athletes
compared to dogs is likely substantially different due to distinct
differences in the functionality of the shoulder joint between the two
species. The shoulder joint in dogs has an important function in
weight bearing unlike the shoulder joint in humans (49). Additionally,
the human shoulder joint has significantly increased mobility when
compared to the canine shoulder joint, which is limited due to
muscular and tendinous attachments medially limiting range of
motion (49). Although further prospective studies are needed to
evaluate return to agility for canine patients with shoulder injuries,
there has been noted improvement in return to sport using
orthobiologics and rehabilitation therapy following shoulder injuries
(29, 46).

An important factor when considering rate of retirement for any
injury is that handlers are responsible for deciding if and when their
dog returns to agility training and competition following injury. They
are also responsible for deciding whether training or competition
variables, such as level, organization, and jump height are adjusted.
Ultimately, they are also responsible for when the dog is returned to
training and sport following injury. This study did not ask about
performance prior to or after injury treatment, nor did the survey ask
the specific reason for retirement. Thus, it is a limitation of this study
that handlers may have decided to retire injured dogs due to variables
unrelated to the physical inability to continue to participate as a
sequela to the injury or treatment outcome.

Other limitations of this study include potential inaccuracies
related to participant recall and the reporting of injuries that were not
diagnosed or confirmed by a veterinarian. However, as one of the
primary aims of this study was to characterize the percentage of times
handlers were seeking veterinary care for perceived injuries, self-
report is the only option. It is possible, however, that there was
differential misclassification of the injured region, with handlers
perceiving the locations of injuries to some anatomic locations better
than others. Even among injuries seen by veterinary professionals,
specific treatment information and definitive diagnoses were not
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available due to a lack of access to veterinary records. Given the
nature of the available data, we did not assess potential associations
between treatments and return to sport outcomes. Return to sport is
dependent on the severity of injury, regardless of treatment, and our
study had no information on the severity of the initial injury.
Therefore, it is highly likely that severity would significantly confound
the association between treatments received and return to sport, and
thus these associations were not assessed in this study. Prospectively
collected data with details on injury severity, are needed to assess the
impact of treatments on return to sport outcome. Future studies
should also assess reinjury rate, and how this differs based on
treatment. Selection bias in a convenience sample survey is inherent
and therefore this sample may not perfectly reflect the overall agility
population. Despite the limitations of this study, the data reported
provide valuable insight into how handlers of agility dogs seek care,
how injuries in agility dogs are treated, and the variation in return to
sport times among these dogs. These data can help inform prognosis
for return to sport, though they should be used cautiously. The low
return to sport after stifle and tarsal injury suggests that additional
studies are needed regarding these injuries, aiding in improvement
of treatment strategies. Additionally, this survey indicates the need
for future prospective studies evaluating expected return to agility for
specific injuries and how treatment approaches affect sport-
specific outcomes.
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Evaluation of the effect of
cannabidiol administration with
and without nonsteroidal
anti-inflammatory drugs in dogs
with mobility disorders: a
prospective, double-blind,
crossover, placebo-controlled
study

Bryce Talsma?, Lindsay Hochman Elam®*, Stephanie McGrath?,
Tianjian Zhou?, Craig B. Webb* and Felix Michael Duerr!

!Department of Clinical Sciences, Colorado State University, Fort Collins, CO, United States,
2Department of Statistics, Colorado State University, Fort Collins, CO, United States

Introduction: With rapidly growing interest in the use of cannabidiol (CBD) in
the management of pain and other conditions, more information is needed on
the safety and efficacy of this supplement, particularly its co-administration
with commonly used pharmaceuticals such as non-steroidal anti-inflammatory
drugs (NSAIDs). This study sought to assess the effect of CBD in dogs with
mobility impairments, as well as evaluate the clinical tolerance of CBD used
together with NSAIDs.

Materials and methods: Forty-two client-owned dogs with diagnosed mobility
impairments were enrolled in this prospective, double-blind, crossover,
placebo-controlled study. Baseline data were collected for 10—-14 days followed
by random allocation to either placebo or CBD oil for 45days with a 30-day
washout period in between. CBD was dosed at 5mg/kg orally every 12 h with
masked placebo administered at equal volume. Outcome measures included
objective gait analysis, accelerometry, and clinical metrology instruments. CBD
plasma levels and serum biochemistry were also collected along with hepatic
ultrasound if warranted.

Results: Thirty-eight dogs finished the study with thirty-nine included for
at least partial analysis. Compared to baseline, dogs receiving CBD showed
evidence of improved outcomes based on blinded veterinary assessments
and accelerometer data. Compared to placebo, dogs receiving CBD showed
some evidence of improved outcomes on CBPI, CSOM, and blinded veterinary
assessments, but not for objective outcome measures. There was evidence of
increased ALP when CBD was co-administered with NSAIDs compared to CBD
administration alone. Additionally, there was evidence of ALT elevations with
CBD and NSAID co-administration, but this elevation did not show evidence of
an increase over CBD use alone.

Discussion: These results suggest a potential therapeutic benefit in the
administration of CBD for the management of mobility impairments, but greater
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ALP elevations were seen when administered with NSAIDs. While the sample
size of dogs that received further hepatic work-up for liver enzyme elevations
is small, chosen diagnostics varied, and liver biopsies were not performed,
there did not appear to be clinically apparent liver damage. Further research
is needed to better understand the efficacy of CBD in a larger population of
dogs and patient tolerance and safety when administered with NSAIDs or other
medications long term.

KEYWORDS

cannabidiol, CBD, dog, mobility, NSAID, osteoarthritis

1 Introduction

Mobility is a key component to perceived quality of life in both
human and veterinary patients (1). In canines, a large population
study reported musculoskeletal disease and the inability to stand as
the leading cause of euthanasia in German Shepherd dogs, surpassing
neoplasia (2). Mobility impairments are commonly treated with a
multimodal approach to manage a patients clinical signs with
nonsteroidal anti-inflammatory drugs (NSAIDs) currently considered
the first-line standard of care. Despite a systematic review indicating
low instances of severe adverse events related to NSAID administration
(3), there is concern for its long-term use in patients among both
veterinarians and owners (4). Monoclonal antibody medication
targeted for osteoarthritis (OA) pain appears to offer another
promising option for patients, but current research has not evaluated
its administration long-term or in combination with NSAIDs (40).
Other currently available pain medications, while generally well
tolerated, appear less effective in the management of pain (5, 6). This
underlines the necessity for alternative analgesic agents that are safe,
efficacious, and easy to administer.

The therapeutic use of cannabinoids is of recent interest to both
human and veterinary medicine (7, 8). While literature supporting its
use remains limited (9), the recent declassification of industrial hemp
has improved access for research in veterinary medicine. Current
evidence suggests that the use of cannabidiol in dogs for the
management of OA is promising, but further investigation is needed
to determine the efficacy, dose, formulation, and safety of
combinations with other medications (10-12). Most available studies
lack the use of objective data, such as kinetic analysis and
accelerometry, to evaluate efficacy. To the authors’ knowledge, only
one study has evaluated the efficacy of cannabidiol and NSAIDs
together in dogs affected with OA using objective outcome measures
(13). Given that NSAIDs remain the mainstay of therapeutic
management of OA, it is desirable to find additional therapies that are
both safe and effective with co-administration.

This prospective, double-blind, crossover, placebo-controlled study
sought to assess the effect of CBD in dogs with mobility impairments, as
well as evaluate the clinical tolerance of CBD used together with NSAIDs.

2 Materials and methods

The study protocol was approved by the Clinical Review Board of
Colorado State University (IACUC: #1608, initial approval 4/1/2021),
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and owner consent was obtained prior to enrollment. Client-owned
dogs of any breed or sex presenting to Colorado State University
Veterinary Teaching Hospital with lameness or mobility impairments
that resulted in measurable pain were eligible for participation.
Included dogs must have been >10kg, be in general good health
(defined as being able to perform everyday activities such as
independent eating/drinking, walking, and independently rising and
laying down), not be on an active weight loss plan, adapted to wearing
a collar at all times, and have a Canine Brief Pain Inventory (CBPI)
average pain severity score (PSS) and pain interference score (PIS) >2
for each. If the dog had a change in the average PSS and/or PIS
between baseline visits 10-14 days apart, disease was considered not
stable at the time, and the dog was excluded from the study or
re-evaluated when disease was considered to plateau. It was also
required that the dogs were on a consistent management plan for at
least 4 weeks prior to enrollment. This could include NSAIDs and
other medications and supplements if they were administered
consistently prior to enrollment and continued throughout the study.
Dogs receiving grapiprant were excluded from enrollment, as the
study sought to look at the effect of traditional NSAIDs in combination
with CBD. Other exclusion criteria included disease expected to
substantially change throughout the study period (i.e., neoplasia,
partial rupture of the cranial cruciate ligament, degenerative
myelopathy, etc.), surgery or joint injections within 3 months of
enrollment, or administration of corticosteroids within the last month.
Only dogs with chronic, stable stifles with osteoarthritis were enrolled
to reduce the possibility of clinical worsening due to progressive
tearing of the CCL or development of a meniscal tear. Dog with
evidence of pre-existing liver or kidney disease (any elevation of ALT,
AST, GGT, T-bilirubin, bile acids, or BUN/creatinine, respectively)
were also excluded. Mild elevations in ALP, defined as 2-6x above the
high end of the reference range, were included given the low specificity
(51%) of ALP as a marker for hepatobiliary disease (14).

At the time of enrollment, each participant received a complete
orthopedic examination, objective gait analysis, baseline bloodwork
profile (complete blood count and serum biochemistry), measurement
of fasted bile acids, and baseline plasma CBD value. Dogs were
required to have their mobility impairment diagnosed via an objective
imaging modality that supported clinical exam findings prior to trial
Additional
musculoskeletal ultrasound, and/or neurologic exam by a board-

enrollment. diagnostics  including radiographs,
certified veterinary neurologist (SM) were performed at the evaluating
clinician’s discretion based on the patients prior diagnostics and

clinical examination. While many dogs were diagnosed with bilateral
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disease (e.g., elbow osteoarthritis), the most clinically affected joint
was used for enrollment and evaluation of outcome measures. The
owners were informed that the use of new medications, supplements,
dose changes, or new treatment strategies should be avoided
throughout the trial, would need to be reported, and may result in
exclusion from the study if it was considered to substantially impact
the patient’s mobility. Minor deviations from the protocol such as a
single rescue dose of an NSAID or new medications for a condition
not affecting mobility (e.g., antibiotics) were deemed acceptable.

2.1 Treatment groups

Dogs were categorized as either receiving NSAID therapy or not
receiving NSAID therapy during enrollment to ensure each group had
the same number of dogs. Participants were allocated into one of two
treatment groups using the random generator function in Microsoft
Excel (Microsoft Corporation, Redmond, Washington): placebo
followed by CBD treatment (PL-CBD) or CBD treatment followed by
placebo (CBD-PL). After a 10-14 day baseline period, either placebo
or CBD treatment was administered for 45 days depending on the
patient’s group allocation. Following the first phase of treatment, dogs
underwent a 30-day washout period prior to receiving the opposite
treatment for a subsequent 45 days (Figure 1). If the 45th day fell on a
weekend or holiday, or the owner was unable to make the appointment
day, treatment was continued until the morning of evaluation.

The study sponsor (cbdMD, Charlotte, NC, United States)
provided the CBD and placebo oil in two identical bottles to the
research team. The bottles were coded by an unblinded individual

10.3389/fvets.2024.1449343

who did not participate in veterinary assessments (FD). The oil,
containing a medium chain triglyceride (MCT) oil and peanut
flavoring for scent masking and palatability, was packaged in light
protected bottles. The CBD oil contained approximately 1,500 mg
CBD per 30mL bottle, confirmed via third party testing (SC
Laboratories California LLC, Santa Cruz, CA). Quality assurance
testing was performed on the batch and a certificate of analysis was
provided by the company (Supplementary material). The
concentration of CBD was within 5% and above the labeled dose
which is within the margins of error in analytical laboratories.
CBD oil was dosed at 5mg/kg CBD per os every 12h, and the
placebo was dosed at equal volumes and time intervals. The CBD
or placebo oil was dispensed to the owners in individual bottles
with a syringe marked at the appropriate volume for
administration. The bottles contained identical labels and
instructions for dosing each patient. The owners and all personnel
involved in patient evaluation were blinded to the contents of the
bottle.
with a meal.

Owners were instructed to administer treatments

2.2 Clinical pathology

Whole blood was collected at follow-up visits #3-5 for
biochemistry and plasma CBD analysis (Figure 1). Elevations in liver
enzymes including ALP, ALT, AST, T-bilirubin, and GGT were
recorded and classified as mild (greater than two-fold but less than
six-fold) or moderate (greater than six-fold) (14). Additionally, the
percent increase from baseline was calculated.

Phase 1
Day 10-55

Baseline
Day 0-10

Visit 2

Visit 3

Phase 2
Day 85-130

Washout
Day 55-85

Visit 4 Visit 5

Randomly assigned to
placebo or CBD

Visit 1:

Actical placement

CSOM/CBPI

SOS

OGA

CBC/Chemistry/Bile Acids
Diagnostic imaging (if needed)

FIGURE 1

Crossover to other
oil

Visits 2-5:

Actical download

Daily and weekly activity counts

CSOM/CBPI

SOS

OGA

Chemistry (3, 5)

CBD plasma analysis (2, 3, 4, 5)

Liver U/S +/- FNA if elevated liver enzymes and
owner approved work-up (3, 5)

Overview of study timeline including data obtained at each visit, outcome measures, and any treatments administered at each phase.

Frontiers in Veterinary Science

88

frontiersin.org


https://doi.org/10.3389/fvets.2024.1449343
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Talsma et al.

2.3 Diagnostic hepatic ultrasound

If any liver enzyme elevations were noted, fasted bile acids in
addition to a focused liver ultrasound and fine-needle aspirate were
offered but not required. Hepatic ultrasounds were performed by a
boarded radiologist or radiology resident under the direct supervision
of a boarded radiologist. If changes were noted within the liver and
owners consented, aspirates were collected and submitted for cytology.
If necessary, dogs received 0.1 mg/kg butorphanol IV for hepatic
ultrasound and aspirates. Findings on liver ultrasound and cytology
were also documented.

2.4 Outcome measures

2.4.1 Clinical metrology instruments (CMls)

CMIs including the canine brief pain inventory (CBPI) and
client-specific outcome measures (CSOM) were completed by the
owners at each visit (Supplementary material). Initial CMIs were
discussed with the owner at the time of enrollment to ensure
understanding of the questionnaires, and the same owner filled out
the CMIs at follow-up visits via dependent interviewing (15). For the
CSOM, owners were provided a list of examples for both the activity
and behavior portions of the form. Specific examples pertaining to
the pet were also discussed, but ultimately, the owner was allowed to
choose each activity and behavior. Owners were requested to select
five activities and three behaviors pertaining to their dog’s mobility.
For this reason, numeric indication of improvement could vary
based on owner report of positive or negative behaviors. Values were
adjusted for statistical analysis such that a higher numeric value
indicated improvement for all

patients  regardless of

reported behavior.

2.4.2 Veterinary assessments

Patients were evaluated by a veterinarian at each visit, and a
previously published orthopedic scoring system was used to quantify
exam findings (16). The subjective orthopedic scoring (SOS) consisted
of six components each rated with a score 0-4 (0 =normal, 4 =severe
impairment) and evaluated lameness at a walk and trot, pain on
manipulation, offloading of the most affected limb, willingness to load
the contralateral limb, and functional disability. The sum of the
scoring for each category was used for analysis.

2.4.3 Accelerometry

All dogs enrolled in the study were fitted with an activity
monitoring collar using the Actical (Respironics Mini Mitter Division,
Bend, OR) collar as previously described (13). Monitoring was
continuous throughout the study period with the epoch length set to
60s. Data was downloaded at each visit to ensure activity was being
recorded and battery life was sufficient. If there was damage to the
device or errors in the download process, it was attempted to recover
the data and a new Actical collar was placed on the dog. Otherwise,
the same device was maintained for each pet throughout the
study period.

2.4.4 Objective gait analysis

Gait analysis was performed at each visit using a pressure
sensitive walkway (PSW) (6-Tile High Resolution Strideway
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System, Tekscan Inc., South Boston, MA). Dogs were evaluated
at a trot in a similar fashion to a previously described protocol
(13). If the dog was unable to trot, they were evaluated at a walk.
Prior to data collection, dogs were acclimated to the gait analysis
laboratory and leash walking with the handler on the right and
left. Six trials (three in each direction) with a subjectively
constant velocity, in a straight line, without lateralization of the
head, pulling on the leash, or stepping off the PSW were acquired.
When only a single direction was tolerated, the dog was walked
in that direction for six valid trials. Trials at subsequent visits
were only considered valid for the individual patient if they fell
within 0.3 m/s of the velocity established at the baseline visit. The
correct labeling of foot placement was confirmed by video
analysis collected during gait acquisition. Percent body weight
distribution (%BWD) was calculated and averaged for the six
valid trials at each visit.

PVF [N]of the limb

%BWD =
’ total PVF [N ]0f all four limbs in one gait cycle

x100

2.5 Statistical analysis

Sample size calculation was performed using SAS Proc Power
(SAS 9.4, SAS Institute Inc., Cary, NC). The baseline data from a
previous study (n =23 dogs with mobility impairment due to
arthritis) was used for a paired t-test (corresponding to the
crossover design) with alpha=0.05. Power calculation was
performed based on CBPI PSS and PIS. For CBPI PSS, the power
calculation was based on a meaningful difference of 1 with a
conjectured standard deviation of 1.68. To achieve 80% power
n =25 dogs are required; to achieve 90% power n =32 dogs are
required. For CBPI PIS, the power calculation was based on a
meaningful difference of 2 with a conjectured standard deviation
of 2.10 (17). To achieve 90% power and account for attrition, a
sample size of n =40 was proposed.

The outcome measures, including CMIs, OGA, accelerometry,
and liver enzymes, were analyzed using a linear mixed model
(18). The model was fit separately for each response variable
using the Ime4 package within the R statistical software (R 4.0.2,
R Core Team, Vienna, Austria) (19). Each individual dog was
included as a random effect to account for repeated measures.
Treatment (baseline, post-CBD, and post-placebo), period (pre-
and post-washout), and period-by-treatment interaction were
included as fixed effects to identify the changes in outcome
measures from baseline to post-treatment (CBD or placebo), as
well as potential period and carryover effects due to the crossover
study design (18). For liver enzyme data, NSAID administration
and its interaction with treatment were also included in the
model as fixed effects. Estimated marginal means and contrasts
were calculated using the emmeans package (41). The p-values
associated with the treatment effects were calculated based on
t-tests of the regression coefficients in the linear mixed model
and were used to determine statistical significance. Following the
recommendations of experts in medical statistics, no multiplicity
adjustments were performed given the exploratory nature of the
analyses (20). The p-values should be interpreted for descriptive
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purposes but not for confirmatory decision making. Residual
diagnostic plots were used to evaluate model assumptions
(normality and equal variance of random errors). A log
transformation was deemed necessary for the activity counts and
for the following liver enzyme measures: ALP, ALT, and
AST. After necessary transformations, no obvious violations of
modeling assumptions were identified, as seen from the evenly
scattered residuals around the horizontal zero line.

A Mann-Whitney U test was used to compare CBD plasma levels
to placebo levels since the data was not normally distributed.

3 Results

The number of surveys received, dogs evaluated, enrolled, and
included for analysis is summarized in Figure 2. Forty-two dogs
qualified for enrollment in the study. There were 21 each of neutered
males and spayed females. Patient age ranged from 1year to 15years
(median =7.5years), and weight ranged from 15kg to 68kg
(median =29kg). Included breeds and the most clinically affected
region are summarized in Table 1. Thirty-eight dogs completed the
study. Two dogs were unenrolled after the owner elected withdrawal,
one dog was euthanized for reasons unrelated to the study, and one
dog was in a dog fight that resulted in a new lameness and exclusion
from the remainder of the study. Two dogs who did not complete the
study had data included until the time of withdrawal from the study.
One dog who completed the study had all data removed after CBD
plasma levels suggested inadvertent CBD administration during the
placebo phase. In total, 39 dogs were included for at least partial
analysis. Fourteen dogs had at least partial exclusion of data for which
reasons are summarized in Table 1.

A summary of all subjective and objective outcome measures
is reported in Tables 2, 3. Compared to baseline data, veterinary
assessments (p =0.044), CBPI (p<0.001), CSOM (p <0.001), and
both moderate and total activity counts (p=0.033 and p =0.046,
respectively) showed improved outcomes in dogs receiving
CBD. Objective gait analysis percent body weight distribution
data showed insufficient evidence of improvement for both the
placebo and CBD groups (p=0.197 and p =0.121, respectively).
The CBD group showed eight significant comparisons to baseline
while the placebo group only showed three significant
comparisons. The improvements seen in the placebo group
compared to baseline confirm an expected caregiver placebo
effect. However, there was insufficient evidence of improvement
in veterinary assessments or objective outcome measures in the
placebo group. Comparisons between groups found evidence of
dogs receiving CBD showing improvement in veterinary
assessments (p=0.046), the pain severity scoring of CBPI
(p=0.017), and behavior scoring of CSOM (p =0.007).

Seventeen dogs had elevations in at least one liver enzyme
throughout the study (predominantly ALP), but one dog was excluded
from analysis after starting corticosteroids for pemphigus foliaceus
that resulted in elevated ALP following the washout period. Three
patients with AST elevations, one of which also had a T-bilirubin
elevation, without concurrent ALP and ALT elevations, had these
single data points excluded from analysis as the sample was hemolyzed
and these two markers can be affected by hemolysis (21).
Characterization of the liver enzyme elevations and the associated
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treatment(s) are summarized in Table 4. Of the 14 patients with
meaningful elevations included for analysis, 10 dogs were receiving
CBD at the time of elevations, seven of which were concurrently
receiving NSAIDs. Four dogs with elevations were receiving placebo
and NSAID, but three of these dogs had received CBD first and
continued to have elevations throughout the study, although these
values were decreasing. Two dogs with elevated liver enzymes were
receiving the placebo treatment alone. Both of these were ALT
elevations and one dog’s elevation started after receiving CBD and
having elevations in both ALP and ALT, but the ALP elevation
resolved. Changes in liver enzymes for patients receiving NSAIDs,
CBD, and placebo and their comparisons are summarized in Tables 5,
6. Both patients receiving CBD alone and those receiving CBD and
NSAID showed evidence of ALP elevations (p<0.001 for all).
Additionally, there was evidence that this increase in ALP was greater
in dogs receiving CBD and NSAID compared to CBD alone
(p=0.046). For ALT, only patients receiving CBD and NSAID showed
evidence of elevation compared to NSAID administration alone
(p=0.022 and p=0.025). Of the patients with any elevation in liver
enzymes, six owners consented to focused hepatic ultrasound and five
to fine needle aspirates of the liver. Changes to the liver included
glycogen accumulation (n =2), vacuolar hepatopathy (n =5), and mild
lymphocytic inflammation (n =2). One dog additionally had
multifocal necrosis on cytology. This patient had a mildly elevated
ALP at the time of enrollment with moderate elevation following CBD
administration, and fasted bile acids at the time of that elevation that
were within normal limits.

Side effects were uncommon but included gastrointestinal signs
such as vomiting and diarrhea. Two dogs were reported to vomit on
CBD alone, one dog on both CBD and placebo, and one dog was
reported to have diarrhea on CBD. All gastrointestinal signs appeared
to be self-limiting and resolved without further intervention and while
continuing to receive the product.

Batch analysis was performed on both the CBD and placebo
products before being dispensed (SC Laboratories California
LLC, Santa Cruz California, USA). Certificate of analysis showed
no detectable levels of THC, CBD, or other cannabinoids in the
placebo product (Supplementary material). Per 30 mL unit, the
CBD product contained a range of 1570.62 mg total CBD and
1585.86 mg total cannabinoids. This included 8.46 mg CBG and
3.87 mg CBDV. There were no detectable levels of THC. Both the
CBD and placebo products were additionally tested for the
presence of pesticides, residual solvents, mycotoxins, heavy
metals, foreign material, and microbiological contaminants such
as bacteria, yeast, and molds. Results were passing for both
products across all measures.

Thirty-nine were included for plasma analysis. One dog was
excluded because the owner withdrew during the first phase of
administration, one dog was excluded for returning high CBD
plasma values for both placebo and CBD treatment phases, raising
the concern for inadvertent CBD administration, and one dog was
excluded due to low levels throughout the study which may have
been due to late timing of blood draws relative to last dose or
owner non-compliance. Three dogs who did not complete the
study were included for plasma analysis up until the point of
unenrollment. All three of these dogs received the CBD oil first, so
there were 36 placebo oil samples and 39 CBD oil samples included
for analysis. There was one outlier value for the placebo and two
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o

(n=1)

CBD plasma levels (n = 39)
Participants grouped by CBD vs. Placebo
treatment (n = 37)

= Dogs with Actical data (n = 37)

=  Dogs with CMI data (n = 37)

= Dogs with OGA data (n = 37)

FIGURE 2

Completed online survey (n= 133)

Assessed for eligibility (n = 66)

Enrolled (n=42)
= No NSAIDs (n=21)
= NSAIDS (n =21)

Random allocation to CBD-PL group (n = 22)
= Receiving NSAIDs (n = 11); no NSAIDs (n = 11)
= Completed baseline (n = 22)
= Completed 1°t and 2™ treatment periods (n = 19)
= Excluded all data from trial (n = 2)
Euthanized due to carcinomatosis (n = 1)
o Suspected inadvertent CBD administration

Random allocation to PL-CBD group (n = 20)
= Receiving NSAIDs (n = 10); no NSAIDs (n = 10)
= Completed baseline (n = 20)
= Completed 1°t and 2" treatment periods (n = 19)
= Excluded all data from trial (n = 1)
o Owner elected to withdraw due to declining
condition (n=1)

Diagnostic work-up (n = 6)
= Hepatic ultrasound (n = 6)
= Liver cytology (n=5)

Number of participants at each phase of the clinical trial from the time of enrollment untill data analysis.

Excluded (n=24)
= Not meeting inclusion criteria (n = 21)
= Declined to participate (n = 2)
= QOther (n=1)

Dogs with meaningful liver enzymes
elevations (n = 14)

= NSAIDs, receiving CBD (n=7)

= No NSAIDs, receiving CBD (n = 5)
=  NSAIDs, receiving PL (n = 2)

= No NSAIDs, receiving PL (n = 0)

outlier values for the CBD oil samples. Outlier values were retested
to confirm but ultimately included for analysis because the timing
of blood draws relative to the last CBD dosing was not controlled
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for in this study and may have led to variation in sample values.
The median CBD plasma level following the administration of
CBD oil was 141.5 ng/mL (range 3.13-1850). The median for the
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TABLE 1 Enrollment data including patient age, sex, breed, NSAID status, primary mobility disorder, sequence of treatment, and any reason for data

exclusion.

Patient Age Diagnosis of most = Sequence of Data exclusion

affected region treatment

1 2 MN Golden retriever Carprofen R elbow OA PL-CBD --

2 5 ES Mixed breed No NSAID L stifle OA PL-CBD -

3 9 MN Brittany spaniel No NSAID R gluteal tendinopathy PL-CBD --

4 9 MN Border collie No NSAID R biceps tendinopathy CBD-PL Developed CCT injury, excluded visit
#3-5

5 2 MN Mixed breed No NSAID R hip OA CBD-PL -

6 15 FS Norwegian No NSAID T3-L3 myelopathy PL-CBD Excluded all data, owner withdrawal after

elkhound visit #3 due to declining condition

7 2 MN Mixed breed No NSAID R carpal OA PL-CBD --

8 5 FS Labrador retriever |~ No NSAID L elbow OA CBD-PL -

9 2 1N Mixed breed No NSAID R stifle OA PL-CBD --

10 12 FS Labrador retriever | Carprofen Lhip OA PL-CBD --

11 7 FS English bulldog No NSAID L elbow OA CBD-PL Data excluded at visits #4-5 due to new
lameness

12 11 FS Mixed breed No NSAID R biceps tendinopathy PL-CBD --

13 13 FS Labrador retriever | Carprofen Lhip OA CBD-PL -

14 5 FS American Carprofen R carpal OA PL-CBD Data excluded at visit #3 due to

staffordshire development of pododermatitis
terrier

15 2 FS Belgian malinois No NSAID Rhip OA PL-CBD --

16 9 FS Labrador retriever = No NSAID L shoulder OA CBD-PL -

17 7 FS Mixed breed No NSAID LS disease CBD-PL Unenrolled from the study at visit #4 due
to dog attack resulting in new lameness

18 11 MN Mixed breed Carprofen Lhip OA CBD-PL --

19 13 FS Golden doodle No NSAID L hip OA CBD-PL Excluded all data, diagnosed with
carcinomatosis during study and
euthanized

20 5 FS Mixed breed Carprofen L carpal OA CBD-PL Plasma CBD levels excluded due to low
levels throughout study

21 10 MN Labrador retriever = No NSAID L shoulder OA CBD-PL Data excluded at visit #4-5 due to R
shoulder injury while hunting

22 8 FS Golden retriever No NSAID L proximal gastrocnemius CBD-PL --

tendinopathy

23 2 MN Mixed breed Carprofen Rhip OA CBD-PL --

24 10 FS Mixed breed No NSAID L carpal flexor tendinopathy = CBD-PL Data excluded at visit #4-5 due to dog
attack resulting in shoulder injury

25 10 MN Mixed breed No NSAID LS disease PL-CBD Data excluded at visit #4-5 due to
starting prednisone for pemphigus
foliaceous

26 7 MN Mixed breed No NSAID L biceps tendinopathy CBD-PL --

27 9 FS Mixed breed Carprofen L biceps tendinopathy CBD-PL Data excluded at visit #3-5 due to R
shoulder injury

28 10 MN Mixed breed Carprofen R elbow OA CBD-PL -

29 5 MN Bernese mountain | Carprofen R elbow OA PL-CBD Data excluded at visit #3 due to deviation

dog from protocol - stopped NSAID
administration for 1week
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TABLE 1 (Continued)

NSAID
status

Patient Data exclusion

Diagnosis of most

Sequence of

affected region treatment

30 9 MN Mixed breed Carprofen Rhip OA PL-CBD Excluded visit #3-5, developed HGE and
hospitalized

31 1 MN Mixed breed No NSAID R elbow OA PL-CBD --

32 6 MN Mixed breed Carprofen R elbow OA CBD-PL --

33 14 FS Golden retriever Carprofen L stifle OA CBD-PL Excluded visit #5 due to R full CCL tear.
CBD Plasma data excluded for low CBD
levels at baseline

34 3 MN Labrador retriever | Carprofen L stifle OA PL-CBD -

35 11 FS Mixed breed Carprofen R stifle OA PL-CBD -

36 10 MN Border collie None L hip OA PL-CBD --

37 2 MN American Carprofen L tarsal OA PL-CBD -

staffordshire
terrier

38 10 MN Labrador retriever | Carprofen R shoulder OA PL-CBD -

39 2 FS German shepherd | Carprofen R elbow OA PL-CBD --

dog

40 9 MN Australian Carprofen LS disease CBD-PL Excluded visit #5 due to significant

shepherd increase in activity and change in
medications

41 1 FS Mixed breed Carprofen L Hip OA CBD-PL Unenrolled at visit #4 due to owner
withdrawal

42 2 MN Mixed breed Carprofen R carpal desmopathy and CBD-PL All data excluded due to suspected

tendinopathy inadvertent CBD administration
throughout trial

CBD, cannabidiol oil; PL, placebo oil.

placebo oil was below the level of quantification (BLOQ) at
<0.98ng/mL (range BLOQ-104). There was a statistically
significant difference between CBD plasma levels compared to
placebo levels (p <0.001).

4 Discussion

This double-blind, crossover, placebo-controlled study was
conducted to evaluate the effect of CBD in client-owned dogs with
mobility disorders as well as provide more information regarding
patient tolerance when co-administered with NSAIDs. For clinical
relevance, this study sought to evaluate the effect of CBD on pain and
function in dogs, so enrollment was expanded to all mobility
impairments and not limited to just those with osteoarthritis, although
the most common diagnosis in the enrolled patients. To address some
of the limitations of prior studies, both subjective and objective
outcome measures were used to assess dogs in a crossover design. The
study results suggest a potential therapeutic benefit of CBD
administration for the management of mobility impairments, as well
as patient tolerance when co-administered with NSAIDs in dogs.

Several previous studies evaluating CBD for pain conditions have
also found improvements in CMIs, but a recent systematic review and
meta-analysis of CBD literature for canine OA found a high risk of
bias in the available literature (11). Dogs in the present study with pain
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related to mobility impairments showed improvement in both the
CBD and placebo groups. The observed improvement in the placebo
group is likely attributed to an expected caregiver placebo effect which
has been reported to occur up to 57% of the time when owners or
veterinarians observe a dog’s lameness (22). When comparing
treatment groups, however, only the CBD group showed improvement
in veterinary assessments, pain severity scores, and client-specific
behavior scores. Furthermore, blinded veterinary assessments showed
improvements in the CBD group but not in the placebo group. The
combination of these findings may indicate a positive effect of CBD
on pain and function.

Objectively, this study used both a pressure sensitive walkway and
accelerometry to assess dogs after administration of placebo and CBD
oil. Objective gait analysis (OGA) did not show improvement in this
study, but objective gait analysis is not without its limitations. While
several trials were collected for each dog during each return visit, the
data could theoretically be influenced by outside factors such as the
dog’s activity level prior to data collection and anxiety in hospital.
Kinetic data can also be influenced by factors such as walking versus
trotting, the number of trials collected, handler, velocity, and
acceleration (23). While the velocity for valid trials needed to
be within 0.3 m/s to be considered a valid trial, acceleration was not
controlled in this study.

Because gait analysis measurements occur in the hospital setting
during this singular time frame at each visit, a second objective means
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TABLE 2 Client metrology instruments (CMI) as means and standard error and differences between baseline, placebo and CBD for each including CBPI
(PSS, PIS, QolL), CSOM (ACT, BEHAV).

Treatment Baseline and post- Post-Treatment CMI score P value comparing
treatment CMI score, comparison, difference + SE between treatments
Mean + SE
SOS Total (0-24) Baseline 9.81+0.55 Placebo-baseline 0.23 +0.28 0.411
Placebo 10.04+0.60 CBD - Baseline —0.55+0.27 0.044 *
CBD 9.27+0.59 CBD - Placebo —0.78 £0.39 0.046 *
'CBPI PSS (0-10) Baseline 4.11£0.23 Placebo-baseline —0.34+0.23 0.143
Placebo 3.79+0.32 CBD - Baseline —1.10+0.22 0.000 *
CBD 3.05+0.31 CBD - Placebo —0.77£0.32 0.017 *
‘CBPI PIS (0-10) Baseline 521+0.27 Placebo - baseline —0.98 +0.32 0.002 *
Placebo 4.23+0.37 CBD- baseline —1.33+0.31 0.000 *
CBD 3.88+0.37 CBD - Placebo —0.35+0.43 0.417
T CBPI QOL (0-5) Baseline 3.29+0.11 Placebo - baseline 0.24+0.13 0.061
Placebo 3.53+0.15 CBD- baseline 0.47 £0.12 0.000 *
CBD 3.77+0.15 CBD - Placebo 0.24+0.17 0.169
!{CSOM ACT (1-5) Baseline 3.01+0.11 Placebo - baseline —0.36+0.14 0.013 *
Placebo 2.64+0.16 CBD- baseline —0.61+0.14 0.000 *
CBD 2.39+0.16 CBD - Placebo —0.25+0.20 0.206
T CSOM BEHAV (1-5) Baseline 1.99+0.11 Placebo - baseline 0.46 +0.16 0.004 *
Placebo 2.45+0.17 CBD- baseline 1.04+0.15 0.000 *
CBD 3.03+0.16 CBD - Placebo 0.58+0.21 0.007 *

CBD, cannabidiol; SOS, subjective orthopedic scoring; CBPI, canine brief pain inventory; CMI, clinical metrology instrument; PSS, pain severity score; PIS, pain interference score; QOL,
quality of life; CSOM, client subjective outcome measure; ACT, activity; BEHAV, behavior. Direction of arrow next to listed CMIs denotes the direction of value which indicates a more
favorable response (i.e., * represents that a lower score equates to clinical improvement and vice versa).

of measuring response to CBD was selected in this study to provide
more broad information regarding a dog’s activity changes at home
over a longer period of time. Dogs in this study showed a significant
increase in both moderate and total activity counts when receiving
CBD oil compared to baseline. While accelerometry may provide
more information regarding a dog’s activity over time, the output
values can be influenced by factors such as erroneous reading from
collar loosening, equipment malfunction, or scratching at the collar
and device. It has also been suggested that the use of accelerometry as
an outcome measure in clinical research is questionable as it is easily
influenced by owner behaviors (increase or decrease in activity base
on perceived or desired outcome) rather than a true representation of
changes in pain (13). When considering changes in activity counts,
however, an increase in activity by 20% was clinically relevant when
accelerometry was used to measure differences in dogs with naturally
occurring OA treated with carprofen versus a placebo (24). Percent
increase in total activity count for the CBD group in this study
approached this value (18.98% + 10.16%) which may further support
the use of CBD for the management of mobility disorders in dogs.
The dose of CBD may also contribute to the improvements
seen across outcome measures in this study compared to others.
Previous studies evaluating the efficacy of CBD oil for the
management of pain disorders suggest a dose range of 4-5mg/
kg/day (13, 25-27). The present study used a higher dose of CBD
at 10 mg/kg/day (5 mg/kg q12h). Despite higher doses, however,
the observed CBD plasma concentrations in this study were
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similar to previously reported values, but they did show a greater
range of values (26). Therapeutic plasma levels do not appear to
be well established in the literature, and plasma levels may
be greatly influenced by several factors such as variable
absorption between patients, variations in the CBD oil product,
and the timing of blood draws relative to dosing. One major
limitation regarding the measurement of plasma CBD levels in
this study is the timing of blood draw relative to last dosing.
Owners were instructed to administer the oil the morning of the
appointment, but the time of morning feeding and time of blood
draw varied between patients and likely contributed to variability
in plasma concentrations. While pharmacokinetics can differ
between CBD products, a recent pharmacokinetic study measured
CBD concentrations over a 24-h period after administration in a
population of healthy laboratory beagles that revealed changes in
CBD concentration over time with peak concentrations occurring
around two hours after administration (28). Another study found
an elimination half-life of 4.2h at both 2 mg/kg and 8 mg/kg
dosing (26). Given this information, the timing of blood draw
relative to the last CBD dose likely had an impact on CBD
concentrations and the variation noted. While most blood draws
in this study occurred in the morning, theoretically within a few
hours of CBD administration, this variable, along with timing of
administration, was not controlled for in this study and should
be considered in future studies. Additionally, this CBD product
was considered a broad-spectrum rather than full-spectrum
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TABLE 3 Objective outcome measures represented by means and standard error and differences between baseline, placebo, and CBD including activity
and percent body weight distribution.

Objective measure  Treatment Baseline and post- Post-treatment, difference + SE P value comparing
treatment, Mean + SE between treatments
TOGA.BWD Baseline 21.80+0.95 Placebo-baseline 0.51+0.39 0.197
Placebo 22.31+1.01 CBD - Baseline 0.61+0.39 0.121
CBD 22.41+1.01 CBD - Placebo 0.10+0.55 0.853
tActical. SED Baseline 1109.75+23.40 (Placebo-baseline)/Baseline —0.14% + 1.17% 0.903
Placebo 1108.17 +25.31 (CBD - Baseline)/Baseline —0.86% + 1.07% 0.427
CBD 1100.22+24.98 (CBD - Placebo)/Baseline —0.72% + 1.57% 0.651
!Actical. Light Baseline 171.29+9.23 (Placebo-baseline)/Baseline 4.12% +4.02% 0.300
Placebo 178.35+10.90 (CBD - Baseline)/Baseline —3.99% + 3.42% 0.258
CBD 164.47 £9.96 (CBD - Placebo)/Baseline —7.78% +4.80% 0.125
! Actical MOD Baseline 109.53+9.69 (Placebo-baseline)/Baseline —0.28% +6.90% 0.968
Placebo 109.22+11.20 (CBD - Baseline)/Baseline 14.98% +7.36% 0.033 *
CBD 125.94+12.78 (CBD - Placebo)/Baseline 15.30% + 10.76% 0.132
T Actical.VIG Baseline 0.48+0.23 (Placebo-baseline)/Baseline 9.49% + 12.50% 0.430
Placebo 0.62+0.29 (CBD - Baseline)/Baseline —3.26% + 10.20% 0.754
CBD 0.43+0.25 (CBD - Placebo)/Baseline —11.65% + 13.61% 0.424
" Total activity count Baseline 1.17x10° +1.36x10* (Placebo-baseline)/Baseline 3.71% +9.58% 0.695
Placebo 1.21x10° +1.64x10* (CBD - Baseline)/Baseline 18.98% + 10.16% 0.046 *
CBD 1.39x10° +1.86x10* (CBD - Placebo)/Baseline 14.73% + 14.28% 0.274

OGA, objective gait analysis; BWD, body weight distribution; SED, sedentary; MOD, moderate; VIG, vigorous. Direction of arrow next to listed CMIs denotes the direction of value which

indicates a more favorable response (i.e., ' represents that a lower score equates to clinical improvement and vice versa).

TABLE 4 Case evaluation of dogs with hepatic enzyme elevations including percent ALP increase from baseline, treatment(s) at the time of elevation,
hepatic ultrasound findings, hepatic cytology, and other notable changes.

Patient % Inc ALP from  Treatment(s) Hepatic ultrasound Hepatic cytology Other notes
baseline findings
3 100% CBD Hyperechoic and coarse liver Glycogen accumulation Bile acids: 5 umol/L, resolved at
follow up
5 N/A - ALT elevation only | Placebo Ultrasound not performed Not performed Resolved at follow up
13 178% CBD, carprofen Mildly heterogenous hepatic parenchyma = Mild-moderate hepatocellular Bile acids: 3 umol/L, ALP
with new hyperechoic nodule vacuolation. Multifocal necrosis | elevation at enrollment
14 450% CBD, carprofen Ultrasound not performed Not performed ALP 143 U/L (ref 15-140)
16 255% CBD Normal liver Vacuolar hepatopathy Bile acids 5 umol/L, ALT
elevations, resolved at follow up
22 645% CBD Ultrasound not performed Not performed Resolved at follow up
23 404% CBD, carprofen Ultrasound not performed Not performed Resolved at follow up
29 N/A - ALT elevation only | Placebo, carprofen = Ultrasound not performed Not performed ALT 99 U/L, resolved at follow
up
30 4,445% CBD, carprofen Mild benign change (ie vacuolar Not performed Resolved at follow up
hepatopathy)
33 1,919% CBD, carprofen Non-specific, likely chronic, Moderate to marked ALT 117U/L
hepatopathy and solitary hypo- to hepatocellular vacuolization,
isoechoic nodule mild lymphocytic inflammation
35 1,327% CBD, carprofen Ultrasound not performed Not performed
36 1,673% CBD Diffusely hyperechoic hepatic Vacuolar hepatopathy w/ mild ALT 100 U/L, all elevations
parenchyma with multiple lymphocytic inflammation resolved at follow up
hyperechoic nodules
40 1,392% CBD, carprofen Ultrasound not performed Not performed ALT 123U/L
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TABLE 5 Hepatic enzymes represented as means and standard error for
each treatment combination measured for ALP, ALT, AST, T-bilirubin, and
GGT as well as the number of dogs above the reference range for each
hepatic enzyme for each treatment combination.

Hepatic Treatment(s) # Dogs Mean
Enzyme above
reference
range
ALP (U/L) Baseline & NSAID 2 43.96 9.48
Placebo & NSAID 3 41.39 10.01
CBD & NSAID 7 154.12 37.89
Baseline 0 37.35 8.26
Placebo 0 31.24 7.95
CBD 3 80.28 19.65
ALT (U/L) Baseline & NSAID 0 40.58 3.75
Placebo & NSAID 3 38.60 4.05
CBD & NSAID 2 48.80 522
Baseline 0 3691 3.50
Placebo 2 3491 3.87
CBD 1 39.61 421
AST (U/L) Baseline & NSAID 0 25.24 1.29
Placebo & NSAID 0 26.02 1.60
CBD & NSAID 0 28.36 1.79
Baseline 0 26.04 1.36
Placebo 0 25.96 1.70
CBD 1 2791 1.72
T-bilirubin Baseline & NSAID 0 0.12 0.01
(mg/dL) Placebo & NSAID 0 0.11 0.01
CBD & NSAID 0 0.10 0.01
Baseline 0 0.13 0.01
Placebo 0 0.10 0.01
CBD 0.09 0.01
GGT (U/L) Baseline & NSAID 0 1.16 0.25
Placebo & NSAID 0 0.62 0.34
CBD & NSAID 0 0.96 0.35
Baseline 0 0.94 0.26
Placebo 0 0.85 0.37
CBD 0 1.03 0.34

product and contained no reported cannabidiolic acid (CBDA)
which may have influenced outcomes as CBDA is thought to
be more bioavailable and may aid in the absorption of CBD (28).
Product differences likely exist between the different formulations
(e.g., broad-spectrum, full-spectrum, isolates) and even within
different products of the same formulation. This highlights the
importance of testing different products and formulations for
tolerability and absorption through plasma levels. Owner
compliance may have also influenced the variation of CBD
plasma values. A previous study evaluating owner compliance
with veterinary prescribed therapeutics found 68% of owners
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missed at least one dose while 14% missed a significant
proportion of doses, giving less than 60% as reported by
electronic monitoring. Despite having electronic monitors, these
owners were also likely to self-report perfect compliance while
missing at least one dose (29).

Given that NSAIDs are a common treatment for pain and may
also result in liver enzyme elevations, this study sought to further
evaluate patient clinical tolerance when co-administered with
CBD. Previous studies have evaluated CBD safety and efficacy
while allowing dogs to remain on regular NSAID therapy, but
these studies did not group dogs based on their NSAID
administration (13, 25, 26). Administration of CBD oil has
previously been shown to result in ALP elevations in both humans
and dogs, and that association was also seen in this study in both
dogs on CBD and NSAID combined as well as CBD alone (26, 27,
30-34). This ALP elevation is thought to be related to the
induction of cytochrome P-450 oxidative metabolism (35, 36).
Interestingly, five patients in this study also had mild ALT
elevations following administration of CBD. Only one of these
patients had ALP elevations at the time of enrollment. Elevations
in ALT were reported in a recently published article for the
management of epilepsy, but this appears to be the only report in
veterinary literature apart from the present study (34). As in that
study, a higher dose of CBD was given here compared to the
1-2 mg/kg twice daily dosing used in most other clinical studies.
While the higher doses of CBD used in this study may account for
the elevations seen in ALT, a prior study evaluating high doses of
CBD (10 mg/kg/day and 20 mg/kg/day) given for 6-weeks in 30
healthy beagle dogs that found no clinically significant changes in
serum biochemistry parameters other than elevations in ALP (33).
In this study, however, only binary statistics were performed to
evaluate rises in ALP greater than a 2-fold increase from baseline.
Smaller elevations in ALP, such as was evaluated in the present
study, were not documented. Another recent study administered
CBD at doses of 2 mg/kg and 4 mg/kg twice daily for two weeks
and found no ALT elevations and ALP elevations in only 3/16 dogs
receiving CBD at 4 mg/kg (37).

The present study evaluated the effect of CBD co-administered
with NSAIDs and its effect on liver enzymes. Only dogs receiving
CBD and NSAID together showed evidence of ALT increases. There
was also evidence of greater increases in ALP values for patients
receiving NSAIDs and CBD together compared to patients receiving
CBD alone. In the study by Rozental et al., CBD was also associated
with an increase in ALT when used in combination with other anti-
epileptic drugs. While direct drug comparisons cannot be made
between this study and the present, both phenobarbital and NSAIDs
have been associated with liver enzyme elevations (38, 39). Findings
from this previous study and the present may suggest interaction of
CBD with other drugs to influence liver enzymes. To the authors’
knowledge, no present study exists in human or veterinary literature
seeking to understand the effects of CBD and NSAID
co-administration on liver enzyme elevations and its
clinical relevance.

Of the patients in the present study who had liver enzyme
elevations, five underwent further work-up of the liver with no
apparent liver damage noted on ultrasound, cytology, or fasted bile
acids testing. Three patients who returned to the teaching hospital
one to six months after completion, for reasons unrelated to the study,
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TABLE 6 Comparisons of hepatic enzyme changes represented as a mean percentage increase, standard error, and differences for ALP, ALT, AST,
T-bilirubin, and GGT.

Hepatic Enzyme = Comparison of Differences Mean % Increase

ALP (Placebo & NSAID - Baseline & NSAID) / Baseline & NSAID —5.85 16.01 0.724
(CBD & NSAID - Baseline & NSAID) / Baseline & NSAID 250.56 0.000 *
(CBD & NSAID - Placebo & NSAID) / Placebo & NSAID 272.34 60.93 0.000 *
(Placebo - Baseline) / Baseline —16.37 84.56 0.324
(CBD - Baseline) / Baseline 114.93 15.10 0.000 *
(CBD - Placebo) / Placebo 156.99 36.34 0.000 *
(Baseline & NSAID - Baseline) / Baseline 17.70 59.16 0.590
(Placebo & NSAID - Placebo) / Placebo 32.50 35.28 0.383
(CBD & NSAID - CBD) / CBD 91.98 42.34 0.046 *

ALT (Placebo & NSAID - Baseline & NSAID) / Baseline & NSAID —4.87 7.38 0.521
(CBD & NSAID - Baseline & NSAID) / Baseline & NSAID 20.27 9.53 0.022 *
(CBD & NSAID - Placebo & NSAID) / Placebo & NSAID 26.43 13.05 0.025 *
(Placebo - Baseline) / Baseline —5.42 7.79 0.500
(CBD - Baseline) / Baseline 7.32 8.28 0.362
(CBD - Placebo) / Placebo 13.48 11.88 0.229
(Baseline & NSAID - Baseline) / Baseline 9.93 14.08 0.464
(Placebo & NSAID - Placebo) / Placebo 10.57 15.22 0.469
(CBD & NSAID - CBD) / CBD 23.19 16.89 0.134

AST (Placebo & NSAID - Baseline & NSAID) / Baseline & NSAID 3.07 5.67 0.583
(CBD & NSAID - Baseline & NSAID) / Baseline & NSAID 12.35 6.39 0.040 *
(CBD & NSAID - Placebo & NSAID) / Placebo & NSAID 9.00 7.79 0.230
(Placebo - Baseline) / Baseline —0.30 5.83 0.959
(CBD - Baseline) / Baseline 7.20 5.85 0.206
(CBD - Placebo) / Placebo 7.52 7.81 0.320
(Baseline & NSAID - Baseline) / Baseline -3.06 6.69 0.655
(Placebo & NSAID - Placebo) / Placebo 0.22 7.84 0.977
(CBD & NSAID - CBD) / CBD 1.60 7.83 0.838

T-bilirubin (Placebo & NSAID - Baseline & NSAID) / Baseline & NSAID —0.01 0.01 0.403
(CBD & NSAID - Baseline & NSAID) / Baseline & NSAID —0.02 0.01 0.144
(CBD & NSAID - Placebo & NSAID) / Placebo & NSAID —0.01 0.02 0.597
(Placebo - Baseline) / Baseline —0.03 0.01 0.018 *
(CBD - Baseline) / Baseline —0.04 0.01 0.002 *
(CBD - Placebo) / Placebo —0.01 0.02 0.672
(Baseline & NSAID - Baseline) / Baseline —0.01 0.01 0.401
(Placebo & NSAID - Placebo) / Placebo 0.01 0.01 0.427
(CBD & NSAID - CBD) / CBD 0.01 0.01 0.487

GGT (Placebo & NSAID - Baseline & NSAID) / Baseline & NSAID —0.53 0.39 0.169
(CBD & NSAID - Baseline & NSAID) / Baseline & NSAID —0.20 0.39 0.620
(CBD & NSAID - Placebo & NSAID) / Placebo & NSAID 0.34 0.47 0.475
(Placebo - Baseline) / Baseline —0.10 0.41 0.812
(CBD - Baseline) / Baseline 0.09 0.39 0.818
(CBD - Placebo) / Placebo 0.19 0.48 0.699
(Baseline & NSAID - Baseline) / Baseline 0.21 0.31 0.502
(Placebo & NSAID - Placebo) / Placebo —-0.22 0.41 0.586
(CBD & NSAID - CBD) / CBD —-0.07 0.41 0.858
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all had normal liver enzyme values on follow up serum biochemistry.
Two of these three patients were receiving NSAIDs. This would
suggest the increase in ALT associated with CBD administration did
not persist following cessation of the CBD. This is similar to findings
in a recent safety study in which ALP elevations normalized in
healthy dogs within 4 weeks of treatment cessation (30). Owners in
the present study were given the option to pursue further work-up of
the liver if enzyme elevations were noted, but many declined for
reasons such as prolonged appointment time and possible necessity
for sedation to obtain ultrasound images and/or aspirates. Another
limitation of the liver work-up is the lack of long-term follow-up, and
the absence of post-prandial bile acids. Therefore, limited conclusions
can be drawn about the clinical significance of these liver enzyme
changes with CBD and NSAIDs used together. Future studies may
consider more extensive assessment of the liver to better understand
the relationship between CBD use and liver enzyme elevations.

Apart from liver enzyme elevations, the only other reported adverse
effect was self-limiting gastrointestinal signs. This occurred in
approximately 10% of patients and required no further intervention. Of
the dogs reporting GI symptoms, two were receiving NSAIDs but only
reported side effects when receiving CBD. The one patient reported to
vomit on both CBD and placebo oil had a history of intermittent
gastrointestinal signs and was not receiving an NSAID at the time of the
study. These study results suggest the co-administration of CBD and
NSAIDs appears well tolerated with regard to GI side effects, but increases
in liver enzymes were seen when dogs were receiving CBD and NSAID
together that were greater than CBD or NSAID administration alone.
Further studies are needed evaluating long term co-administration of
NSAIDs and CBD before conclusions can be drawn regarding the safety
of co-administration.

Given the efficacy of NSAIDs, this could be considered a
confounding factor for the improvements seen across outcome
measures, but the crossover design of this study sought to eliminate
it as such. By enrolling dogs receiving NSAIDs consistently, as well as
enrolling dogs not receiving NSAIDs, this study was able to evaluate
the effects of co-administration with CBD oil. By setting the inclusion
criteria of a consistent management protocol for mobility
impairments and implementing a crossover design in which each
patient received both CBD and placebo, we sought to eliminate the
confounding factors of NSAIDs, nutraceuticals, and other
pain medications.

The study results suggest a potential therapeutic benefit of CBD
administration for the management of mobility impairments, however,
there appeared to be an increase in ALP and ALT values in patients
receiving CBD and NSAID together. While no other adverse events
occurred related to the co-administration of NSAIDs and CBD, the
sample size in this population is small and limits definitive conclusions.
Future studies should evaluate bile acids, hepatic ultrasound, and ideally
liver biopsy of patients with elevated liver enzymes following the
co-administration of CBD and NSAIDs. Long term studies assessing the
effect of CBD on mobility disorders in dogs are needed.
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Interobserver variability of
assessing body condition scores
and muscle condition scores in a
population of 43 active working
explosive detection dogs
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Amritha Mallikarjun?, Clara Wilson?®, David Levine?,

Ashley A. Tringali?, Chelsea E. Payne®, Anke Langenbach® and
Matthew W. Brunke®

Veterinary Surgical Centers, Vienna, VA, United States, ?Tactical Veterinary Solutions LLC, Cabin John,
MD, United States, *Penn Vet Working Dog Center, Clinical Sciences and Advanced Medicine, School
of Veterinary Medicine, University of Pennsylvania, Philadelphia, PA, United States, “*Department of
Physical Therapy, University of Tennessee at Chattanooga, Chattanooga, TN, United States, °U.S. Army
Veterinary Corps, Fort Belvoir, VA, United States, ®Veterinary Referral Associates, Gaithersburg, MD,
United States

Objectives: This study aimed to evaluate the agreement between explosive
detection dog (EDD) handlers and a team of veterinarians in assessing body
condition score (BCS) and muscle condition score (MCS), hypothesizing
significant BCS differences between handlers and veterinarians, and no
significant MCS differences in healthy active duty EDDs.

Methods: This prospective study analyzed variance and inter-rater intraclass
correlation coefficients (ICC) of agreement within BCS and MCS assessments
collected from the 43 EDDs by four blinded graders; the EDDs’ respective
handler and three veterinarians with varying levels of veterinary expertise.

Results: The results of the study showed that 74.4% of the EDD population was
graded as ideal BCS (4 or 5 out of 9) by the handlers compared to 67.44% by the
members of the veterinary team; however, the graders scored different subsets
of individual EDDs as ideal. Normal MCS (3 out of 3) was assessed in 86.05%
(n = 37) of EDDs by the handlers versus in 70.54% by the veterinary team.
Conclusion: This study highlights the importance of standardized training and
guidelines for BCS and MCS assessments in working dogs to improve agreement
between all members of the healthcare team.

KEYWORDS

BCS, MCS, detection dog, EDD, handler, working dog, veterinarian

Introduction

Explosive detection dogs (EDDs) play a critical role in detecting and signaling the presence
of explosive materials to their handlers (1, 2). Operating in diverse, demanding, and often
public-facing environments (e.g., war zones, sports arenas, and transportation hubs), EDDs
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must maintain peak levels of health and physical fitness to optimally
perform their jobs (3, 4). Historically, traditional clinical assessments
have relied on body weight to determine and monitor canine health
and fitness (5, 6). However, recent attention has shifted to the body
condition score (BCS) and, in some cases, muscle condition score
(MCS), which offer valuable insights into the balance between body
fat and lean muscle composition (4, 7).

Regular assessment and monitoring of BCS, MCS, and body
weight (BW) plays a crucial role in detecting, managing, and preventing
adverse health effects associated with an imbalance of fat and muscle
(8-11). An elevated BCS, for example, has been associated with an
array of health issues, including musculoskeletal conditions, endocrine
and cardiovascular diseases, neoplastic processes, and a shortened
working career and overall life expectancy (4, 12-15). Additionally,
overweight and obese dogs, which exhibit higher internal body
temperatures and tend to pant as a thermoregulatory response,
experience reduced olfaction efficiency because panting prevents them
from sniffing simultaneously (16-19). This could have significant
consequences given the vital role these dogs serve in public safety.

Objective measurements of BCS and MCS typically involve
techniques such as dual-energy X-ray absorptiometry (DEXA),
computed tomography (CT), quantitative magnetic resonance (QMR),
and ultrasound (8, 10, 20, 21). However, these methods often require
costly specialized equipment, specific expertise, or the use of
anesthesia, rendering them impractical for working dog handlers or
standard veterinary practices (10, 13, 21). Consequently, there is a
need for an efficient, affordable, and semi-quantitative method for
assessing BCS and MCS. This method should ensure consistent
agreement among handlers and veterinary professionals, facilitating
effective communication of health and fitness changes to sustain
optimal performance.

Scoring of body condition and muscle condition involves both
palpation and visual assessment using developed scales to gauge levels
of external body fat and lean muscle tissue (8, 22-24). Several
validated scoring systems have been utilized to assess BCS including
a 5-point scale and a 9-point scale, with the 9-point scale being most
common due to its established correlation with DEXA (7, 14, 15, 24,
25). An optimal BCS for dogs on the 9-point scale is 4 to 5, with
research suggesting that working dogs may benefit from having a BCS
on the lower end of ideal (4, 7, 24). The MCS system, introduced by
the World Small Animal Veterinary Association (WSAVA), assesses
muscle loss, using a scale ranging from ‘normal musculature’ to
‘marked muscle atrophy’ (8). However, the MCS system for dogs
currently lacks validation. There is a validated MCS scale for cats
which uses a numerical scale ranging from 0 to 3 to indicate the
degree of muscle atrophy, with 3 indicating normal musculature
although it lacks precise boundaries between categories (9). Despite
this limitation, the MCS system is still utilized to subjectively evaluate
muscle atrophy resulting from conditions such as sarcopenia or
cachexia (9, 10). Both BCS and MCS, when used in combination with
a physical examination, can be valuable tools in helping to evaluate a
dog’s overall physical health and working potential.

While the 9-point BCS scale aims for universal usability (26),
there remains a discrepancy in accurately gauging a dog’s BCS among
individuals with varying levels of veterinary expertise (27-31). Prior
research studies found between 44 and 65% of pet and sporting dog
owners frequently encounter difficulties accurately gauging their dog’s
body condition and often underestimate it, especially in cases of
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overweight dogs (27-31). When evaluating the level of agreement
between pet owners and veterinary professionals in determining the
BCS of overweight dogs, the analysis shows only a 53% agreement,
with 39% of owners rating their overweight dogs as having an ideal
BCS (32). Studies evaluating the agreement between individuals
assessing MCS have been reported in cats but are sparse in number
and have reported agreement between individuals within the
veterinary field but not between owners and veterinary professionals
(9). There are currently no studies that assess the level of agreement
between owners and veterinary professionals on MCS in dogs.

Despite the growing recognition of the importance of BCS and
MCS in companion, working, and sporting dog health assessments,
there is limited to no research on the agreement between handlers and
veterinary professionals in reporting BCS and MCS in working dogs.
This study aims to fill this gap by assessing the level of agreement
among handlers and a team of veterinarians in grading the BCS and
MCS of an active working dog population. We hypothesized that there
would be significant differences in reported BCS between handlers
and veterinarians, as well as between primary care veterinarians and
sports medicine-focused veterinarians. Additionally, we anticipate no
significant differences in reported MCS between the graders as it is
unlikely to find muscle atrophy in active duty working dogs, leading
to minimal variability between grader scores.

Materials and methods
Study design and participants

This prospective study analyzed the level of agreement within BCS
and MCS assessments collected from a population of active working
EDDs during a routine veterinary visit. BCS and MCS were evaluated
by four blinded graders: the EDD’s respective handler, an American
College of Veterinary Sports Medicine and Rehabilitation (ACVSMR)
resident, a diplomate of the ACVSMR (DACVSMR), and a primary
care veterinarian of working dogs.

All fifty active federally owned EDDs that were scheduled for their
routine veterinary visit were initially enlisted with approval from the
canine unit supervisor and handler’s informed consent. Eligibility
criteria required the EDDs to be healthy, adult (older than 1year), and
actively involved in explosive detection work. Forty-six handlers
presented their EDDs for veterinary examination. Two EDDs were
excluded for skipping a station and an additional EDD was excluded
for completing the stations in the wrong order, resulting in a total of
43 EDDs included as study participants after thorough evaluation.

Animal welfare and ethics

Veterinary Surgical Centers Rehabilitation (VSCR), a private
veterinary facility, conducted a Department of Defense (DoD)-
supported research study on March 21, 2023. The VSCR veterinary
ethics committee reviewed and approved this study (protocol #
230321) on March 14th, 2023, determining it to be veterinary clinical
research conducted on client-owned animals and exempt from
Institutional Animal Care and Use Committee (IACUC). However,
since this study required use of DoD facilities, equipment, and
personnel, it also falls under the definition of research, development,
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test, and evaluation (RDT&E) supported by DoD. IACUC and
Component oversight office approval are requirements of DoDI
3216.01 (33). Veterinary research utilizing client owned animals with
informed consent is not under any legal requirement to comply with
the Animal Welfare Act (34, 35). This study did not have any
associated federal funding and therefore is not required to comply
with the Public Health Policy (36). The American Veterinary Medical
Association recommends that studies utilizing client-owned animals
are reviewed by an IACUC or a Veterinary Clinical Studies
Committee (VCSS) (37). Although the study did not receive
pre-approval from an IACUC or the Component oversight office,
informed consent was obtained from relevant officials and handlers
and measures were taken to ensure the welfare of all animals involved.
BCS and MCS are non-invasive hands-on assessments that do not
cause any pain and are conducted routinely to assess fitness in semi-
annual physical exams. As requested by the Army Animal Research
Compliance and Oversight Office (ARCOO), a waiver to the IACUC
and component oversight office approvals required by DoDI 3216.01
for publication of results was granted (Waiver Approval- Study
#03212023) on April 14, 2024.

Demographic characteristics

The EDD population, detailed in Table 1, consisted of 7 females (6
altered, 1 intact) and 36 males (4 altered, 32 intact). The median age
was 5.3 years (ranging from 1.8 to 11.8 years), with a median weight of
32.2kg (ranging from 20.2 to 47.9kg) and a median withers height of
63.4cm (ranging from 47.5 to 70.4cm). This study encompassed
various breeds, including 12 Belgian Malinois, 11 German Shepherds,
8 German Shorthaired Pointers, 5 Belgian Malinois Mixes, 3 Dutch
Shepherds, 3 Labrador Retrievers, and 1 Labrador Retriever Mix, as
outlined in Table 2.

Data collection

On March 21st, 2023, 43 EDD teams presented for their routine
biannual veterinary visit and completed a rotation of four stations in
the following order: Check-in and Handler Survey, Sports Medicine
Dynamic Examination, Sports Medicine Complete Physical
Examination, and Primary Care Examination. To maintain grader
blinding, stations were physically separated (in different rooms).

All graders received laminated reference guides for BCS and MCS
at the first of the four stations. At the check-in station (Station 1), each
grader was provided with a formal introduction and didactic
demonstration by a research and working animal veterinarian (JAB)
who served as an instructor, not a grader, for the study. JAB led the
graders through the reference guides for both BCS and MCS, which
were provided to each handler to follow along as they were read aloud.
JAB also helped to orient handlers to the key anatomical landmarks
on their dogs for appropriate BCS assessment as well as demonstrated
the face analogy using her own face to provide additional clarification
for MCS grading.

For BCS assessment, graders received two nine-point BCS visual
scales—one tailored for Labrador Retrievers by Nestlé Purina (7) and
another for German Shepherds by Royal Canin (38) (see
Supplementary Figures 1A,B). BCS scores of 4 or 5 were considered
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TABLE 1 Sex, age, body weight, and withers height of EDD participants.

Demographic Number

Sex Male neutered 4
Male intact 32
Male total 36
Female spayed 6
Female intact 1
Female total 7
Age (years) Median 5.13
Minimum 1.81
Maximum 11.86
Body weight (kg) Median 323
Minimum 20.2
Maximum 47.9
Withers height (cm) Median 63.4
Minimum 47.5
Maximum 70.4

Demographic data, including sex and alteration status, as well as median, minimum, and
maximum values for age, body weight, and withers height for the EDDs are recorded. These
attributes provide a baseline for understanding the study population’s physical
characteristics.

TABLE 2 Breed of EDD participants.

Breed Number

Belgian malinois 12
Belgian malinois mix 5
Dutch shepherd 3
German shepherd 11
German shorthaired pointer 8
Labrador retriever 3
Labrador retriever mix 1
Total 43

Summary of the breeds of EDD participants, listing the number of dogs per breed. The data
provides insight into breed-specific trends in the study population.

‘ideal, with scores below 4 classified as ‘too thin’ and scores over 5
categorized as ‘too heavy.

For MCS assessment, all graders were provided with a modified
version of the WSAVA MCS scale (8), which included a visual aid
illustrating a human face overlaid with numbers and descriptions
relating to the scale (8) (see Supplementary Figure 2). MCS scores of
3 were labeled as ‘normal muscle condition, while scores of 2 indicated
mild muscle atrophy, 1 signified ‘moderate muscle atrophy, and 0
indicated ‘significant muscle atrophy’ (8, 9).

The data collection protocol required each grader to use the
provided reference guides while palpating and assigning Body
Condition Score (BCS) and Muscle Condition Score (MCS) to the
dogs, ensuring consistency across assessments. Handlers received
one-on-one instructions with their dogs at each of the four stations.
To ensure a collective understanding of the protocol, veterinary
graders participated in a single instruction session before the study
began. Each grader had access to the reference guides at their station
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throughout the process. After completing their assessments, graders
recorded their responses on anonymized unique identifier (UID)
cards, which were collected before the next dog was assessed. No
additional tools, methods, or materials beyond the standard protocol
were provided.

Station 1: Check-in and handler scoring

Station 1 was overseen by JAB, a research and working animal
veterinarian. JAB checked in each EDD team, assigned a UID,
confirmed handler consent to participate in the study, provided
didactic instructions, and gathered an initial health history for each
EDD. A licensed veterinary technician (LVT) distributed four UID
cards to each handler, one for use at each station. Handlers then
assessed their EDD’s body condition score through visual examination
and palpation, followed by assigning a muscle condition score based
on palpation. Afterward, the LVT weighed each EDD, recording the
weight in kilograms. The UID card was collected, and the EDD teams
advanced to Station 2.

Station 2: Resident sports medicine exam

Station 2 was led by an ACVSMR resident (KMC). Handlers
presented their EDD’s UID card to KMC, who conducted a brief
physical examination and followed the same protocol as other graders
to assess and record the BCS and MCS. Additionally, the withers height
was measured and recorded in centimeters (cm) using a standard
yardstick (Hyper Tough™, Walmart Distribution Center, Bentonville,
Arkansas), from a flat, level ground surface to the highest point of the
shoulder blade on either side of the EDD. The corresponding UID card
was collected, and the EDD teams proceeded to Station 3.

Station 3: Sports medicine complete physical
examination

Station 3 was led by a DACVSMR (MWB). Handlers presented
their EDD’s UID card to MWB, who performed a comprehensive
examination and assessed and recorded BCS and MCS following the
same protocol as the other graders. The corresponding UID card was
collected, and the EDD teams proceeded to Station 4.

Station 4: Primary care examination

Station 4 was composed of a team of four primary care
veterinarians from a practice that routinely provides care for the
EDDs. The veterinarians were split into two examination lanes to
provide patient care more efficiently. A list of all EDDs requiring care
was provided to the veterinarians, and the order of EDD evaluation
was based on post-time, with full veterinary care services provided
after the BCS and MCS assessments. Although the four veterinarians
worked collectively at Station 4, one veterinarian conducted the
majority of the assessments, evaluating 26 of the 43 dogs, and was
designated as the primary grader for this station. After the UID card
was collected from the primary grader at this station, the veterinarians
resumed their routine care for each respective EDD.

Statistical analysis
The collected UID cards were processed, and the anonymized data

was entered into a Microsoft Excel spreadsheet (Microsoft
Corporation. (2018). Microsoft Excel). Excel data was uploaded into
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R Statistical Software for statistical analysis (v4.3.0; R Core Team 2023)
(39). Both the BCS and MCS data were determined to not be normally
distributed via Shapiro-Wilk test so Levene’s test for homogeneity of
variance was used. Levenes test showed that there was no difference
in variance across grader, F(3)=1.8, p=0.149. This result met the
assumptions for intraclass correlation analysis.

Analysis 1: Examining differences between
graders

This analysis assessed whether any of the graders were
systematically different from other graders in their determination of
canine BCS.

A fully specified linear mixed-effects model was generated
using the non-linear mixed effects (nlme) package (40) with BCS as
the dependent variable, Grader as the fixed effect, and random
intercepts of Dog, Breed, Age, Sex, and Alteration Status. However,
this model did not converge, meaning that the statistical algorithm
could not find a stable solution to fit the data. This often occurs
when a model is too complex or includes too many variables. As a
result, a simpler model with random intercepts for Dog, Breed, and
Sex was used, which successfully converged and provided a better
fit for the data.

This model was compared to reduced models with random
intercepts for Dog and Breed only, and Dog only. Akaike Information
Criterion (AIC) values were used to compare these models. The AIC
is a measure that assesses how well a model fits the data while
accounting for model complexity with lower values indicating a better
fit. The model with Dog and Breed as random effects had the lowest
AIC value, indicating that it was the best-fitting model for the data and
was therefore selected for analysis.

The best-fitting linear mixed-effects model used BCS Score as the
dependent variable, Grader as the fixed effect, and Dog and Breed as
random intercepts to assess the effect of Grader identity on a given
BCS score. The model was analyzed using a Type II Wald chi-square
test to assess whether Grader as a variable has a significant impact on
BCS Score. Post-hoc analyses with a Tukey adjustment comparing
individual Graders to each other were done using the estimated
marginal means (emmeans) package in R (41).

Analysis 2: Examining correlation between
graders

This analysis assessed the extent to which the graders correlate
with each other on their BCS ratings of dogs. Within-subject
correlations were determined for all graders and pairs of graders using
a linear mixed-effects model with BCS as the dependent variable,
Grader as the fixed effect, and Dog as a random effect. Confidence
intervals (95%) were estimated using a non-parametric bootstrap
procedure. This analysis was done using the CorrMixed package
in R (42).

Results
Descriptive statistics for BCS
The distribution of BCS ratings, as assigned by each grader, are

illustrated in Table 3. The veterinary team and handlers assessed 67.44
and 74.4% of the EDD population, respectively, at an ideal BCS (4 or
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TABLE 3 Distribution of EDDs by body condition score (BCS) and grader.

10.3389/fvets.2024.1431855

. Veterinar
(Bocust of 9) Handler l:/zgfi?acr:i‘:\ﬁ ?eCsYde\T DACVSMR team(z?yv)era}ée BCS classification
)
1 0 0 0 0 0.00% Too thin
2 3 0 0 0 0.00% Too thin
3 4 2 2 0 3.10% Too thin
4 18 11 10 12 25.58% Ideal
5 14 22 12 20 41.86% Ideal
6 3 7 13 6 20.16% Too heavy
7 1 1 5 4 7.75% Too heavy
8 0 0 1 1 1.55% Too heavy
9 0 0 0 0 0.00% Too heavy
Total 43 43 43 43 100%
BCS ratings of the EDDs assigned by handlers and veterinary graders, as well as the percentage of dogs classified as too thin, ideal, or too heavy.
TABLE 4 Contrast values comparing scores for BCS.
Grader 1 Grader 2 Estimate SE df t-ratio p-value
Primary care veterinarian DACVSMR —0.256 0.149 127 -1.722 0.3165
Primary care veterinarian ACVSMR resident —0.349 0.149 127 —2.348 0.0927
Primary care veterinarian Handler 0.558 0.149 127 3.758 0.0015%
DACVSMR ACVSMR resident —0.093 0.149 127 —0.626 0.9235
DACVSMR Handler 0.814 0.149 127 5.48 <0.001*
ACVSMR resident Handler 0.907 0.149 127 6.106 <0.001*

The estimate, standard error (SE), degrees of freedom (df), t-ratio, and p-value are recorded for each pair of graders. The estimate value refers to the difference of marginal means between
grader 1 and grader 2, which is the average difference in their BCS scores. The t-ratio refers to the difference between sample means divided by the standard error of the difference; if the
absolute value of the t-ratio scores is high, it will generally result in a higher p-value. This analysis highlights the statistical differences in BCS scoring between graders, with a particular focus

on the significant differences between handlers and veterinarians. *p <0.05.

5 out of 9); however, the graders scored different subsets of individual
EDDs as ideal. Review of the BCS of all graders showed handlers
significantly under-scored BCS compared to the three veterinary
graders (p<0.001).

All four graders gave the same BCS score for 7 out of the 43 total
EDDs (16.28%). For an additional 14 EDDs, three out of the four
graders agreed on the BCS. In half of those cases, the grader that did
not agree with the other three graders was the handler.

There are 15 dogs out of the total 43 (34.88%) for whom the grader
disagreed by more than one BCS point. When the veterinary scores
were examined alone, they only differed by more than one point on
six dogs (13.95%).

Model 1: Examining differences between
graders

This model examined differences between graders in their
evaluations of canine BCS. A significant main effect of Grader was
observed (X*=46.92, p<0.001), such that there were significant
differences in graders’ scores. Subsequent post-hoc analyses, as
detailed in Table 4, revealed that the scores assigned by handlers were
significantly lower than those given by veterinarians (p <0.001), while
there were no significant differences among the scores assigned by
different veterinarians. Figure 1 illustrates the BCS rating of the
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veterinarians compared to the corresponding handler BCS rating for
the same EDD.

Model 2: Examining correlation between
graders

This set of models examined the correlation between all graders
and then between each pair of graders in their assessments of canine
BCS which can be found in Table 5. The estimated correlation
coefficient for all graders was found to be 0.62, with a 95% confidence
interval ranging from 0.45 to 0.72. When the handlers’ scores were
excluded, the estimated correlation coeflicient for all veterinarians
increased to 0.66, with a 95% confidence interval ranging from 0.49
to 0.77.

Variance partition coefficients were calculated to assess the
proportion of the variance explained by the random effect variables
used in the model; these coefficients result in Intraclass Correlation
Coeflicient (ICC) values, which measure the degree of agreement or
consistency between measurements and were used in our study to
assess interrater reliability (43). The ICC for Dog was 0.62 and the ICC
for Breed was 0.45, meaning that individual Dog explains 62% of the
variance in the data, and Breed explains 45% of the variance.
Additionally, the combination of these two random effects explains
69% of the variability in the data, further justifying the use of a
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Veterinarian BCS Ratings

1 2 3 4 5
Handler BCS Ratings

FIGURE 1

assessments.

Comparison of Veterinarian and Handler BCS Ratings

Number of
Dog Ratings
® 5
® 10

® 15
® 2

6 7 8 9

Scatter plot of veterinarian BCS rating vs. handler BCS rating for the same EDD. This scatter plot illustrates the relationship between BCS ratings
assigned by handlers and veterinarians for the same EDDs. Each bubble represents the number of ratings at a specific BCS score, with bubble sizes
ranging from 1 to 20 ratings, with reference example sizes of 5, 10, 15, and 20 shown in the legend. The line of best fit highlights a significant trend
(p <0.001) where handlers consistently scored BCS lower than veterinarians, indicating a systematic underscoring by handlers compared to veterinary

TABLE 5 Correlation coefficients (R?) for pairs of graders for BCS.

Grader 1 Grader 2 95% Confidence
interval

Primary care DACVSMR 0.52 [0.18, 0.69]

veterinarian

Primary care ACVSMR 0.53 [0.28,0.73]

veterinarian resident

Primary care Handler 0.34 [0.05, 0.55]

veterinarian

DACVSMR ACVSMR 0.88 [0.79, 0.93]
resident

DACVSMR Handler 0.68 [0.46, 0.82]

ACVSMR resident Handler 0.65 [0.45, 0.78]

The level of agreement between pairs of graders is demonstrated by the correlation
coefficients (represented by R?). The higher the correlation coefficient on a scale of 0 to 1, the
stronger the association. This table illustrates the degree of consistency in BCS evaluations
among different graders.

multilevel model given the high level of variance explained by
these variables.

Descriptive statistics for MCS

The MCS given to the EDD population by each grader is presented
in Table 6. The handlers graded 86.05% (n=37) of EDDs as having
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normal MCS (3 out of 3) versus 70.54% by the veterinary team. Mild
muscle atrophy (MCS 2 out of 3) was assessed in 13.95% (n=6) of EDDs
by the handlers versus an average of 29.46% by the veterinary team. No
EDDs were evaluated to have moderate muscle atrophy (MCS 1 out of 3)
or marked muscle atrophy (MCS 0 out of 3) by any grader.

Discussion

To the authors’ knowledge, this is the first study to assess
working canine handlers’ evaluations of their dogs’ BCS and MCS
and to compare them to veterinarians. The results of our study
demonstrated there was no significant difference amongst veterinary
professionals in BCS scoring, regardless of their level of expertise.
However, the results also revealed a significant disparity between
handlers and veterinary graders in which handlers scored their
canine partners’ BCS significantly lower than veterinary graders
(Table 4). This underscoring of BCS is consistent with previous
research on owner assessment of their own dogs’ BCS (27-32).
Despite handlers’ specialized training in working with their canine
partners, variations in expertise or training related to BCS
assessment may contribute to the underestimation of BCS scoring
by handlers compared to veterinary graders. Previous research by
Gille et al. (44) highlighted the challenges individuals face in
assigning accurate BCS if unfamiliar with BCS scales. While
information regarding handlers’ experiences and familiarity with
BCS scales was unavailable during data collection, it is possible
handlers lacked prior exposure and/or experience to the scales used
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TABLE 6 Distribution of EDDs by muscle condition score (MCS) and grader.

10.3389/fvets.2024.1431855

Primar r ACVSMR Veterinar

MCS (out  Handler GO S DACVSMR ST o

of 3) n (%) veterinarian resident n (%) team average = MCS classification
n (%) n (%) (%)

0 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0.00% Marked muscle atrophy

1 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0.00% Moderate muscle atrophy

2 6(13.95%) 5(11.63%) 11 (25.48%) 22 (48.84%) 29.46% Mild muscle atrophy

3 37 (86.05%) 38 (88.37%) 32 (74.42%) 21 (51.16%) 70.54% Normal musculature

Total 43 43 43 43 100%

The distribution of MCS ratings assigned by both handlers and veterinary graders, as well as the percentages for each MCS category (normal muscle condition, mild muscle atrophy, etc.) are
recorded. The table highlights the differences between handler and veterinary assessments, illustrating any discrepancies in muscle condition scoring. These comparisons provide insight into
the level of consistency between handlers’ and veterinarians’ evaluations of muscle condition in working dogs.

in this study, affecting their ability to assign BCS scores accurately
or in agreement with veterinary graders.

This study also evaluated the level of agreement between graders
in the assessment of BCS as illustrated in Table 5. The agreement in
BCS assessment between all four graders was 0.62, which indicated a
moderate agreement. However, the highest level of agreement, at 0.88
(Table 5), occurred between the ACVSMR resident and the
DACVSMR, indicating good agreement. This suggests a stronger
consensus between these two graders than among all four graders
collectively. The higher agreement noted between the ACVSMR
resident and the DACVSMR could be explained by similar training in
BCS assessment, along with the additional emphasis on BCS within
the specialty of canine sports medicine.

Despite the moderate to good level of agreement on BCS among
the graders in our study, the handlers consistently underscored the
BCS of their respective canine partners compared to the three
veterinary graders. This discrepancy may suggest that veterinarians
have an increased familiarity with BCS assessment charts and
experience evaluating fit, healthy dog populations, causing them to
score BCS more similarly. The three veterinary professionals evaluated
the EDDs without familiarity bias, as they had no prior attachment to
the dogs during data collection. This lack of familiarity bias likely
contributed to the observed agreement among the veterinary graders
in BCS evaluation. Furthermore, veterinarians specializing in canine
sports medicine may have increased utilization of BCS assessment
practices in working dogs, potentially resulting in better agreement
among this group. While proficiency in BCS scales is crucial for
identifying potential health issues in working dogs, including EDDs,
further research is needed to assess the impact of additional training
on inter-rater agreement.

Our study enrolled only healthy, active-duty EDDs, with three
out of four graders assessing 32-38 dogs (74.42-88.37%) as having
normal muscle condition. In our study, the DACVSMR assessed
48.84% (n=22) of the EDDs to have mild muscle atrophy. This
could be due to the DACVSMR’s extensive experience in utilizing
MCS in the assessment of working dogs. The current unipolar MCS
scale is designed for disease detection (8, 10, 20, 24, 45) and
therefore limited in identifying positive muscle development. A
bipolar MCS scale which encompasses not only the absence of
muscle atrophy, but also incorporates varying degrees of muscle
development, could be considered. Ramos et al. (4) proposed such
a scale, grading MCS out of a total of 5. In their framework, an MCS
of 4 indicates toned musculature, ideal for athletic dogs (sporting
dogs and most working dogs), and an MCS of 5 signifies
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hypertrophic muscle or ‘double muscling, which could be suitable
for certain specialized working dogs or represent a pathologic
change. A bipolar MCS scale would allow for a more complete
assessment of a canine’s muscular health and bring it into further
alignment with the BCS framework.

While our study design prevented leakage of graders’
assessments to the other graders during the study, handlers’ prior
experiences were not investigated in this study, but may have
influenced handler responses. Handlers are frequently exposed to
public, trainer, and veterinary comments on the body condition of
their dogs. Previous comments or assessments, particularly if
associated with negative societal connotations, may have contributed
to a conformity bias and influenced how the handlers evaluated their
EDDs in our study.

There are limitations to our study. One limitation is the potential
bias introduced during data collection. As stated in the Materials and
Methods, all graders were given laminated reference guides of BCS
and MCS (see Supplementary Figures 1A,B) which included
descriptive language and colors. The BCS scales used include words
such as ‘obese, ‘overweight, ‘too heavy; and ‘too thin’ with red and
yellow coloration. Such words can carry more negative connotations,
as demonstrated in a 2013 study by Puhl et al. (46). Less experienced
graders may have been influenced by these terms, potentially skewing
their assessments. Furthermore, the use of specific colors, such as
green for an ‘ideal’ BCS or the addition of a lighter background color
to highlight the ‘ideal’ scores on a BCS chart, may have encouraged
graders to select certain scores for an EDD, regardless of their initial
evaluation of the dog’s body condition. Conversely, red and yellow or
darker background colors for ‘obese, ‘overweight; and ‘too heavy’ may
have encouraged graders to avoid selecting certain scores. The use of
less common terms, like ‘atrophy’ instead of ‘loss’ on the MCS chart
may have biased graders less familiar with these terms, leading to
unintentional misinterpretation rather than evaluating the amount of
lean muscle tissue accurately. To mitigate potential bias, future charts
could be printed in black and white, distributed without descriptive
wording, or be modified to include more common wording allowing
graders to assess the dogs solely based on visual evaluation and
palpation as intended.

It is also recognized that handlers are biased toward their own
dog’s performance and are more critical of other dogs (47). In our
study, handlers graded the highest percentage of dogs as ideal BCS
compared to the veterinary team (74.4 and 67.44%, respectively). This
positive bias toward a handler’s own dog may have contributed to our
result and future studies could test this by having a handler or handlers
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assess a group of working dogs that excluded their canine partner to
determine if the results would differ from those in this study.

While our study focused on assessing the level of agreement for
BCS and MCS within a healthy, active-duty EDD population, further
investigations into diverse working dog populations are necessary to
assess the relevance of our findings. Examining other working dog
cohorts could uncover additional variations in inter-rater agreement,
especially considering the potential heterogeneity in these populations.
These variations may stem from differences in breeds, tasks,
environmental conditions, and overall health status among the
different populations of working dogs. Furthermore, expanding the
study to include additional graders, such as trainers familiar with the
specific tasks and physical requirements of working dogs, or
employing different handler/canine pairings, could help us to
understand the influence of expertise or specialized training in BCS
and MCS assessment. By incorporating perspectives from various
personnel involved in the care and training of working dogs, we can
gain a more comprehensive understanding of the factors influencing
inter-rater agreement and improve the accuracy and reliability of BCS
and MCS evaluations across diverse working dog populations.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The animal studies were approved by the Veterinary Surgical
Centers Rehabilitation Veterinary Ethics Committee. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent was obtained from the
handlers for the participation of their animals in this study.

Author contributions

KMC: Conceptualization, Investigation, Methodology, Writing —
original draft. JAB: Data curation, Writing - review & editing. CMO:
Conceptualization, Methodology, Writing — review & editing. AM:
Formal analysis, Writing — review & editing. CW: Writing - review &
editing. DL: Data curation, Writing — review & editing. AAT: Writing
- review & editing. CEP: Writing - review & editing, Investigation.
AL: Funding acquisition, Writing - review & editing. MWB:
Conceptualization, Methodology, Supervision, Writing — review &
editing, Investigation, Project administration.

References

1. MacLean EL, Hare B. Enhanced selection of assistance and explosive detection dogs
using cognitive measures. Front Vet Sci. (2018) 5:408876. doi: 10.3389/fvets.2018.00236

2. Lazarowski L, Waggoner LP, Krichbaum S, Singletary M, Haney P, Rogers B, et al.
Selecting dogs for explosives detection: behavioral characteristics. Front Vet Sci. (2020)
7:597. doi: 10.3389/fvets.2020.00597

3. Otto CM, Darling T, Murphy L, Ng Z, Pierce B, Singletary M, et al. 2021 AAHA
working, assistance, and therapy dog guidelines. ] Am Anim Hosp Assoc. (2021)
57:253-77. doi: 10.5326/JAAHA-MS-7250

Frontiers in Veterinary Science

10.3389/fvets.2024.1431855

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The monetary
costs for submission were paid for by Veterinary Surgical Centers
Rehabilitation’s ACVSMR resident research fund.

Acknowledgments

The authors would like to express our gratitude to all the handlers,
dogs, and veterinary staff for their time and participation. Special
thanks to Leslie Truesdale, LVT for her help with organizing and
collecting data during the site visit.

Conflict of interest

JAB and AAT were employed by Tactical Veterinary
Solutions LLC.

The remaining authors declare 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 author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Author disclaimer

The views and information presented are those of the authors and
do not represent the official policy or position of their affiliated
institutions, the Department of Defense, or the U.S. Government.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1431855/
full#supplementary-material

4. Ramos MT, Farr BD, Otto CM. Sports medicine and rehabilitation in working dogs.
Vet Clin North Am Small Anim Practice. (2021) 51:859-76. doi: 10.1016/j.
cvsm.2021.04.005

5. Salt C, Morris PJ, German AJ, Wilson D, Lund EM, Cole TJ, et al. Growth standard
charts for monitoring bodyweight in dogs of different sizes. PLoS One. (2017)
12:¢0182064. doi: 10.1371/journal.pone.0182064

6. German AJ, Morgan LE. How often do veterinarians assess the bodyweight and
body condition of dogs? Vet Rec. (2008) 163:503-5. doi: 10.1136/vr.163.17.503

frontiersin.org


https://doi.org/10.3389/fvets.2024.1431855
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2024.1431855/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2024.1431855/full#supplementary-material
https://doi.org/10.3389/fvets.2018.00236
https://doi.org/10.3389/fvets.2020.00597
https://doi.org/10.5326/JAAHA-MS-7250
https://doi.org/10.1016/j.cvsm.2021.04.005
https://doi.org/10.1016/j.cvsm.2021.04.005
https://doi.org/10.1371/journal.pone.0182064
https://doi.org/10.1136/vr.163.17.503

Christie et al.

7. Laflamme DP. Development and validation of a body condition score system for
dogs. Canine Practice. (1997) 22:10-5.

8. WSAVA Nutritional Assessment Guidelines Task Force MembersFreeman L,
Becvarova I, Cave N, MacKay C, Nguyen P, et al. WSAVA Nutritional Assessment
Guidelines. ] Small Anim Pract. (2011) 52:385-96. doi: 10.1111/j.1748-5827.2011.01079.x

9. Michel KE, Anderson W, Cupp C, Laflamme DP. Correlation of a feline muscle
mass score with body composition determined by dual-energy X-ray absorptiometry.
Br ] Nutr. (2011) 106:S57-9. doi: 10.1017/S000711451100050X

10. Freeman LM, Sutherland-Smith J, Prantil LR, Sato AF, Rush JE, Barton BA.
Quantitative assessment of muscle in dogs using a vertebral epaxial muscle score. Can |
Vet Res (2017): 1;81:255-260

11. Shepherd M. Canine and feline obesity management. Vet Clin. (2021) 51:653-67.
doi: 10.1016/j.cvsm.2021.01.005

12. Kealy RD, Lawler DF, Ballam JM, Mantz SL, Biery DN, Greeley EH, et al. Effects
of diet restriction on life span and age-related changes in dogs. ] Am Vet Med Assoc.
(2002) 220:1315-20. doi: 10.2460/javma.2002.220.1315

13. German AJ. The growing problem of obesity in dogs and cats. J Nutr. (2006)
136:1940S-6S. doi: 10.1093/jn/136.7.1940S

14. Lund EM, Armstrong PJ, Kirk CA, Klausner JS. Prevalence and risk factors for
obesity in adult dogs from private US veterinary practices. Int ] Appl Res Vet Med.
(2006) 4:177.

15. German AJ, Ryan VH, German A, Wood IS, Trayhurn P. Obesity, its associated
disorders and the role of inflammatory adipokines in companion animals. Vet J. (2010)
185:4-9. doi: 10.1016/j.tvjl.2010.04.004

16. Gazit I, Terkel J. Domination of olfaction over vision in explosives detection by
dogs. Appl Anim Behav Sci. (2003) 82:65-73. doi: 10.1016/S0168-1591(03)00051-0

17. Manens J, Ricci R, Damoiseaux C, Gault S, Contiero B, Diez M, et al. Effect of body
weight loss on cardiopulmonary function assessed by 6-minute walk test and arterial blood
gas analysis in obese dogs. J Vet Intern Med. (2014) 28:371-8. doi: 10.1111/jvim.12260

18. Otto CM, Hare E, Nord JL, Palermo SM, Kelsey KM, Darling TA, et al. Evaluation
of three hydration strategies in detection dogs working in a hot environment. Front Vet
Sci. (2017) 4:174. doi: 10.3389/fvets.2017.00174

19. Aviles-Rosa E, Schultz J, Maughan MN, Gadberry JD, DiPasquale DM, Farr B,
etal. A canine model to evaluate the effect of exercise intensity and duration on olfactory
detection limits: the running nose. Front Allergy. (2024) 5:1367669. doi: 10.3389/
falgy.2024.1367669

20. Freeman LM, Michel KE, Zanghi BM, Vester Boler BM, Fages J. Evaluation of the
use of muscle condition score and ultrasonographic measurements for assessment of
muscle mass in dogs. Am ] Vet Res. (2019) 80:595-600. doi: 10.2460/ajvr.80.6.595

21. Santarossa A, Parr JM, Verbrugghe A. The importance of assessing body
composition of dogs and cats and methods available for use in clinical practice. ] Am Vet
Med Assoc. (2017) 251:521-9. doi: 10.2460/javma.251.5.521

22.Burkholder WE Use of body condition scores in clinical assessment of the
provision of optimal nutrition. ] Am Vet Med Assoc. (2000) 217:650-4. doi: 10.2460/
javma.2000.217.650

23. German AJ, Holden SL, Moxham GL, Holmes KL, Hackett RM, Rawlings JM. A
simple, reliable tool for owners to assess the body condition of their dog or cat. J Nutr.
(2006) 136:2031S-3S. doi: 10.1093/jn/136.7.2031S

24. Baldwin KE, Bartges JW, Buffington T, Freeman LM, Grabow M, Legred J, et al.
AAHA nutritional assessment guidelines for dogs and cats. ] Am Anim Hosp Assoc.
(2010) 46:285-96. doi: 10.5326/0460285

25. Mawby DI, Bartges JW, D’Avignon A, Laflamme DP, Moyers TD, Cottrell T.
Comparison of various methods for estimating body fat in dogs. ] Am Anim Hosp Assoc.
(2004) 40:109-14. doi: 10.5326/0400109

26. Chun JL, Bang HT, Ji SY, Jeong JY, Kim M, Kim B, et al. A simple method to
evaluate body condition score to maintain the optimal body weight in dogs. ] Anim Sci
Technol. (2019) 61:366-70. doi: 10.5187/jast.2019.61.6.366

27. Eastland-Jones RC, German AJ, Holden SL, Biourge V, Pickavance LC. Owner
misperception of canine body condition persists despite use of a body condition score
chart. J Nutr Sci. (2014) 3:e45. doi: 10.1017/jns.2014.25

Frontiers in Veterinary Science

108

10.3389/fvets.2024.1431855

28. Teixeira FG, Queiroz MR, Oba PM, Olivindo RFG, Ernandes MC, Duarte CN,
et al. Brazilian owners perception of the body condition score of dogs and cats. BMC Vet
Res. (2020) 16:463. doi: 10.1186/s12917-020-02679-8

29. Courcier EA, Mellor DJ, Thomson RM, Yam PS. A cross sectional study of the
prevalence and risk factors for owner misperception of canine body shape in first
opinion practice in Glasgow. Prev Vet Med. (2011) 102:66-74. doi: 10.1016/j.
prevetmed.2011.06.010

30. Kluess HA, Jones R, Lee-Fowler TM. Perceptions of body condition, diet and
exercise by sports dog owners and pet dog owners. Animals. (2021) 11:1752. doi:
10.3390/anil1061752

31. Yam PS, Naughton G, Butowski CE, Root A. Inaccurate assessment of canine body
condition score, bodyweight, and pet food labels: a potential cause of inaccurate feeding.
Vet Sci. (2017) 4:30. doi: 10.3390/vetsci4020030

32. White GJ, Hobson-West P, Cobb KM, Craigon ], Hammond R, Millar K. Canine
obesity: is there a difference between veterinarian and owner perception? J Small Anim
Pract. (2011) 52:622-6. doi: 10.1111/j.1748-5827.2011.01138.x

33. Department of Defense (DoD). DoD Instruction (DoDI) 3216.01 Use of animals
in dod conducted and supported research and training [Internet]. Office of the Under
Secretary of Defense for Research and Engineering. (2019).

34. United States Code. Title 7 (Agriculture), Chapter 54 (Transportation, Sale, and
Handling of Certain Animals), Sections 2131-2159. Office of the Law Revision
Counsel, U.S. House of Representatives. (1985). Available at: https://uscode.house.gov

35. Code of Federal Regulations. Title 9 (Animals and Animal Products), Chapter 1
(Animal and Plant Health Inspection Service, Department of Agriculture), Subchapter
A (Animal Welfare), Parts 1-4. U.S Government Publishing Office. (2023).

36. National Institutes of Health, Office of Laboratory Animal Welfare. Public Health
Service Policy on Humane Care and Use of Laboratory Animals. U.S. Department of
Health and Human Services. (2015). Available at: https://olaw.nih.gov

37. American Veterinary Medical Association Policy. Establishment and use of veterinary
clinical studies committees. American Veterinary Medical Association, Schaumburg, IL.
Available at: https://www.avma.org/resources-tools/avma-policies/establishment-and-use-
veterinary-clinical-studies-committees (Accessed November 3, 2023).

38. Body Condition Score Charts Cat and Small Dog. (2013). Available at: https://
www.royalcanin.co.uk/wp-content/uploads/2017/02/BCS-chart-03.12.13.pdf (Accessed
April 16, 2023).

39. R Core Team. R: A language and environment for statistical Computing. Vienna,
Austria: R Foundation for Statistical Computing (2023).

40. Pinheiro J., Bates D.R Core Team. (2023). nlme: Linear and nonlinear mixed effects
models (R package version 3.1-163). Available at: https://CRAN.R-project.org/
package=nlme

41.Lenth R. (2024). emmeans: Estimated marginal means, aka least-squares means
(R package version 1.10.2). Available at: https://CRAN.R-project.org/
package=emmeans

42.Van der Elst W,, Molenberghs G., Hilgers D., Heussen N. (2022). CorrMixed:
Estimate correlations between repeatedly measured endpoints (e.g., reliability) based on
linear mixed-effects models (R package version 1.1). Available at: https://CRAN.R-project.
org/package=CorrMixed

43.Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropr Med. (2016) 15:155-63. doi: 10.1016/j.
jem.2016.02.012

44. Gille S, Fischer H, Lindase S, Palmqvist L, Lérka J, Wolf S, et al. Dog owners’
perceptions of dog body composition and effect of standardized education for dog
owners on body condition assessment of their own dogs. Vet Sci. (2023) 10:447. doi:
10.3390/vetscil0070447

45. Freeman LM. Cachexia and sarcopenia: emerging syndromes of importance in
dogs and cats. J Vet Intern Med. (2012) 26:3-17. doi: 10.1111/j.1939-1676.2011.
00838.x

46. Puhl R, Peterson JL, Luedicke J. Motivating or stigmatizing? Public perceptions of
weight-related language used by health providers. Int J Obes. (2013) 37:612-9. doi:
10.1038/ij0.2012.110

47. Clark CC, Sibbald NJ, Rooney NJ. Search dog handlers show positive bias when scoring
their own dog’s performance. Front Vet Sci. (2020) 7:612. doi: 10.3389/fvets.2020.00612

frontiersin.org


https://doi.org/10.3389/fvets.2024.1431855
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/j.1748-5827.2011.01079.x
https://doi.org/10.1017/S000711451100050X
https://doi.org/10.1016/j.cvsm.2021.01.005
https://doi.org/10.2460/javma.2002.220.1315
https://doi.org/10.1093/jn/136.7.1940S
https://doi.org/10.1016/j.tvjl.2010.04.004
https://doi.org/10.1016/S0168-1591(03)00051-0
https://doi.org/10.1111/jvim.12260
https://doi.org/10.3389/fvets.2017.00174
https://doi.org/10.3389/falgy.2024.1367669
https://doi.org/10.3389/falgy.2024.1367669
https://doi.org/10.2460/ajvr.80.6.595
https://doi.org/10.2460/javma.251.5.521
https://doi.org/10.2460/javma.2000.217.650
https://doi.org/10.2460/javma.2000.217.650
https://doi.org/10.1093/jn/136.7.2031S
https://doi.org/10.5326/0460285
https://doi.org/10.5326/0400109
https://doi.org/10.5187/jast.2019.61.6.366
https://doi.org/10.1017/jns.2014.25
https://doi.org/10.1186/s12917-020-02679-8
https://doi.org/10.1016/j.prevetmed.2011.06.010
https://doi.org/10.1016/j.prevetmed.2011.06.010
https://doi.org/10.3390/ani11061752
https://doi.org/10.3390/vetsci4020030
https://doi.org/10.1111/j.1748-5827.2011.01138.x
https://uscode.house.gov
https://olaw.nih.gov
https://www.avma.org/resources-tools/avma-policies/establishment-and-use-veterinary-clinical-studies-committees
https://www.avma.org/resources-tools/avma-policies/establishment-and-use-veterinary-clinical-studies-committees
https://www.royalcanin.co.uk/wp-content/uploads/2017/02/BCS-chart-03.12.13.pdf
https://www.royalcanin.co.uk/wp-content/uploads/2017/02/BCS-chart-03.12.13.pdf
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=CorrMixed
https://CRAN.R-project.org/package=CorrMixed
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.3390/vetsci10070447
https://doi.org/10.1111/j.1939-1676.2011.00838.x
https://doi.org/10.1111/j.1939-1676.2011.00838.x
https://doi.org/10.1038/ijo.2012.110
https://doi.org/10.3389/fvets.2020.00612

& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Denis J. Marcellin-Little,
University of California, Davis, United States

REVIEWED BY
Matthew Warren Brunke,

Veterinary Referral Associates, United States
Kelli Mossine,

Mossine Veterinary Neurology Services LLC,
United States

*CORRESPONDENCE
Jennifer Repac
jrepac@ufl.edu

RECEIVED 17 July 2024
ACCEPTED 30 August 2024
PUBLISHED 28 October 2024

CITATION
Narum M, Miscioscia E and Repac J (2024)
Caretaker-reported quality of life,
functionality, and complications associated
with assistive mobility cart use in companion
animals.

Front. Vet. Sci. 11:1466405.

doi: 10.3389/fvets.2024.1466405

COPYRIGHT

© 2024 Narum, Miscioscia and Repac. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Veterinary Science

Frontiers in Veterinary Science

TYPE Original Research
PUBLISHED 28 October 2024
pol 10.3389/fvets.2024.1466405

Caretaker-reported quality of life,
functionality, and complications
associated with assistive mobility
cart use in companion animals
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Objective: To evaluate the impact of assistive mobility carts on companion
animals and caretakers’ quality of life by investigating factors pertaining to
caretaker satisfaction, the ability to perform daily tasks, and complication
rates.

Materials and methods: A 23-question survey was distributed to caretakers
of animals using carts to evaluate the animal and caretakers’ quality of life,
acceptance, ability to complete functional tasks, and complications. Data from
canine, feline, and rabbit responses were analyzed separately.

Results: Dogs and cats had improved quality of life in 62 and 57% of responses
and 61 and 60% for their caretakers, respectively. There was no improvement
in the quality of life of rabbits or their caretakers. Regarding the complication
rate, 64% were reported to have at least one complication associated with
cart use, 53% of which were wounds. Across all species, there was a reported
improvement in ability to perform daily tasks and activities.

Conclusions and clinical relevance: Caretakers reported that assistive mobility
carts improve both companion animals’ and caretakers’ quality of life, despite
high prevalence of complications, including wounds. Future studies exploring
specific disease conditions and long-term outcomes will be useful for guiding
clinical recommendations.
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1 Introduction

Assistive mobility devices are designed to improve quality of life by providing independent
mobility to the user. In human medicine, assistive devices such as wheelchairs, crutches, and
walking canes can be used to aid mobility (1-3). Similarly, assistive mobility devices can
be used for companion animals with a range of mobility disorders (4-7). In veterinary
medicine, studies have explored the application, acceptance rate, and complications of
prosthetic and orthotic assistive mobility devices (8-10). Independent mobility will impact
both the animal and caretaker quality of life and can impact the strength of the human-animal
bond (11-14).

Veterinary assistive mobility carts, sometimes called “wheelchairs” or “carts,” are generally
composed of a saddle or harness attached to a rigid structure supported by 2-4 wheels,
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depending on individual needs. Numerous brands of veterinary carts
offer customized and standard options designed to support animals
with mobility disorders. The most common indications for cart use in
companion animals are neurological or orthopedic diseases. Spinal
cord injury or degenerative conditions are the most common
neurological causes leading to impairment or inability to ambulate
independently (14, 15). These can include specific conditions, such as
intervertebral disc disease and non-compressive myelopathies (such
as fibrocartilaginous embolism or acute non-compressive nucleus
pulposus extrusion), or degenerative diseases, such as degenerative
myelopathy (6, 16). Orthopedic conditions such as joint disease or
amputations can also impair an animal’s independent mobility
(17, 18).

To the authors’ knowledge, no studies have examined the use of
assistive mobility carts in veterinary medicine. Given the growing
prevalence of these products, there is a need for research to guide
clinical recommendations. The objective of this caretaker survey study
is to evaluate how assistive mobility carts impact the quality of life of
both companion animals and their caretakers. The secondary aim was
to report other factors that may impact overall satisfaction, including
cart type and complication rate. We hypothesized that the majority of
animals using carts, and their caretakers, will experience improved
quality of life.

2 Materials and methods

A 23-question online survey was developed to obtain information
about assistive mobility cart use, acceptance, and impact on quality
of life for both animals and caretakers. This survey was active from
2/1/23 to 2/15/23. The survey was developed on the Qualtrics
platform (Qualtrics, Provo, UT) for distribution purposes. The
collected information included species, age, cart brand, time to
acceptance and daily use, complications and wounds, ability to
perform basic tasks/activities, perceived animal and caretaker quality
of life and whether use would be recommended to another caretaker.
The information was caretaker-reported and anonymized. The survey
was designed as a single assessment. The styles of questions included
multiple choice, yes/no and select all that apply. There were a couple
questions that included an option for a fill-in-the blank response. The
survey questions are listed in Supplementary Table 1. The survey was
distributed with an introductory paragraph to explain the goals of the
survey and reach the appropriate audience. Participation in the
survey was intended to be anonymous with the primary requirement
being ownership of an animal that previously used or is currently
using an assistive mobility cart. The summaries used prior to
distribution and at the time of distribution are available in
Supplementary Table 1.

2.1 Survey distribution

The survey was emailed to the caretakers of companion animals
utilizing carts within the University of Florida College of Veterinary
Medicine Integrative and Mobility Medicine Service and the American
Association of Rehabilitation Veterinarians (AARV), Academy of
Physical Rehabilitation Veterinary Technicians (APRVT), and
Veterinary Sports Medicine and Rehabilitation (VSMR) listservs. The
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survey link was also posted on Facebook groups related to canine
neurological or orthopedic diseases, the VSMR newsletter, and the
VSMR resident Facebook page.

Responses from canine, feline, and rabbit use of carts were
analyzed in this study. Responses in a different language or
responses flagged as a “bot” response by the Qualtrics security
screening were excluded. Responses for which the species was listed
as “other” and written text responses were not provided were also
excluded. If a specific dog breed was listed for those who selected
“other,” these were reorganized appropriately to be counted as “dog”
responses. Age was collected in years and grouped into 4 categories:
“<lyears old,” “1-6years old,” “>6 years old” and “deceased.” These
age ranges were derived from the AAHA Canine Life Stage
Guidelines (19).

2.2 Statistics

Survey responses were summarized as counts and binomial
proportions as appropriate. For individual proportions, a chi square
test of equal proportions between (i.e., positive/negative, yes/no)
responses was used and binomial 95% confidence intervals are
given. For comparison of differences in proportions between
multiple groups a logistic linear model was used. When global tests
of grouped differences were found to be significant, post hoc group
comparisons were made using Tukey’s multiple comparisons
procedure with letter groupings and overall significance based on
alpha level 0.05.

3 Results

A total of 1,778 survey responses were received. Following the
application of exclusion criteria, 1,221 survey responses were available
for review. There were a total of 954 responses for dogs, 219 for cats,
and 46 for rabbits. A portion of responses were incomplete with the
completed portions being retained for analysis.

Approximately 42% of all responses listed a neurological cause and
47% listed an orthopedic cause as the reason for cart use. The remaining
responses cited either a combination of neurological and orthopedic
diseases, unspecified congenital disease, or unknown reasons. Eleven
commercial brands of assistive mobility carts were reported to be used
in addition to homemade carts. Table 1 displays the number of

TABLE 1 Distribution of responses for the 6 most common brands of
assistive mobility cart (see text footnotes 1-6).

Brand of cart ‘ Total number responses

Brand 1 248
Brand 2 363
Brand 3 195
Brand 4 172
Brand 5 82
Brand 6 79
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TABLE 2 Impact of assistive mobility cart use on animal and caretaker quality of life (QOL) by species.

Species Positive responses Total responses p value
Animal QOL All species 715 (60%) 1,195 <0.001
Dog 571 (62%) 922 <0.001
Cat 124 217 0.035
(57%)
Rabbit 16 46 0.038
(35%)
Caretaker QOL All species 713 1,192 <0.001
(60%)
Dog 561 920 <0.001
(61%)
Cat 130 216 0.0028
(60%)
Rabbit 18 46 0.14
(39%)

TABLE 3 Cart type impact (quad, front wheel, hind wheel) on animal and caretaker quality of life (QOL) for each species.

Species Quad (positive/total) Front wheel Hind wheel
(positive/total) (positive/total)
Animal QOL Dog 140/260 105/223 323/435 <0.001
(54%)° (47%)° (74%)*
Cat 59/88 41/89 24/38 0.014
(67%)* (46%)° (63%)™
Rabbit 3/11 7121 5/13 0.85
(27%) (33%) (39%)
Caretaker QOL Dog 143/260 111/223 304/433 <0.001
(55%)" (50%)" (70%)*
Cat 59/87 42/89 28/38 0.0035
(68%)* (47%)° (63%)*
Rabbit 6/11 7121 5/13 051
(55%) (33%) (39%)

Percentages with different superscripts (eg. ab) indicate statistical differences between the columns. Rabbit responses were not included in the Tukey-Kramer least square means comparison.

responses for the six most common brands." > ** > ¢ For dogs, there was
an inverse relationship between size and ease of cart loading. As size
increased, placement became more difficult (p <0.001).

3.1 Quality of life

For dogs and cats, there was a significant improvement in the
quality of life of both animals and caretakers. Dogs were reported to

1 Walkin' Pets, 105 Route 101A, Suite 18, Amherst, NH 03031.

2 Eddie’s Wheels, Eddie’s Wheels Custom Dog Wheelchairs 140 State Street,
Shelburne Falls, MA 01370.

3 K9 Carts, Paw Prosper Company, 2,851 Placida Rd., Units A & B Englewood,
FL 34224.

4 Doggon’ Wheels, Doggon’ Wheels LLC, 1032 Irving St #501, San Francisco,
CA 94116.

5 Ruff Rollin’, 1,505 14th Street SW, Suite #103, Great Falls MT 59404.

6 Best Friend Mobility, 279 Hwy 57S STE4, Little River, SC 29566, USA.
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have an improved quality of life in 62% of responses (p <0.001) for
animal quality of life and 61% for caretaker quality of life. Cats were
reported to have improved quality of life in 57% of responses
(p=0.035) and 60% for their caretakers (p=0.0028). For rabbits, there
was not a majority response to improvement in quality of life for either
the animal (35%, p=0.04) or the caretaker (39%, p =0.14). The specific
values are listed in Table 2.

The quality of life responses related to the type of cart and
species of animals and caretakers are detailed in Table 3. For dogs
and cats, there was a statistically significant improvement in quality
of life for both the animal and caretaker when using both quad
carts (4 wheels) and hind wheel carts, but not front wheel carts. For
dogs, use of hind wheel carts had a statistically significant
improvement when compared to quad or front wheel carts for
animal quality of life. In cats, quad carts had a statistically
significant improvement in animal quality of life when compared
to front wheel carts. There was no statistical difference between
hind wheel carts and either quad or front wheel carts for cats.
When considering caretaker quality of life, there was a statistically
significant improvement in quality of life for both quad carts and
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TABLE 4 Complication rates associated with assistive mobility cart use by species.

10.3389/fvets.2024.1466405

Species Responses reporting Total responses Complication rate (%), p value
complications [Cl 95%]

All species 782 1,230 64% (61, 66%] <0.001

Dog 575 954 60% [57, 63%] <0.001

Cat 166 219 76% [70, 81%] <0.001

Rabbit 33 46 72% [59, 85%] 0.0032

Complication Rate
*#T
p=0.17
*
*
p<0.001 #
p <0.001

Complication rate (percentage)

BRAND 1

BRAND 2 BRAND 3

FIGURE 1

statistically different between brands (p <0.05).

Brand of cart

Complication rate for six most common brands (see text footnotes 1-6) with Tukey grouping of significance. Percentages with different symbols are

BRAND 4 BRAND 5 BRAND 6

hind wheel carts when compared to front wheel carts in both dogs
and cats. There was no statistical difference between quad carts and
hind wheel carts for either of these species.

There was no difference in the reported quality of life between cart
types in rabbits (p=0.51). There was no significant relationship between
the duration of cart use per day and quality of life for animals or caretakers
across all species. There was a direct relationship between animal size and
both positive animal and caretaker quality of life (p <0.001).

Across all species, the majority of caretakers (79%) were likely to
recommend cart use to others. Caretakers who reported improved animal
(89%; p<0.001) and caretaker (91%; p <0.001) quality of life were more
likely to recommend cart use to others.

3.2 Complications

The overall complication rates according to the species are listed in
Table 4. Across all species, 64% reported complications, and 53% of the
complications were wounds. Animals fitted by a veterinarian had a
higher reported complication rate (72%) than those not fitted by a
veterinarian (47%; p <0.001). There was no association between age of
animal and complication rate across all species.

Frontiers in Veterinary Science

Across all cart brands, the complication rate was greater than
50%. The complication rate was significantly lower for Brands 1
and 2 compared to the remaining brands (p <0.001). The specific
percentages of survey response reporting complications for the six
most common brands are reported on Figure 1. There was no
significant relationship between the location of the wounds and the
cart brand (p=0.05).

The most common location for wounds to develop included
the “inside of hind upper leg or thigh” followed by the “inside of
upper front leg or armpit” region and “top of paws/foot” The
specific locations of the wounds are summarized in Table 5.

3.3 Functional tasks

Most animals showed improved functionality when they used
carts. Across all species, a higher percentage of animals were reported
to have an easier time performing the functional tasks, apart from the
ability to rest or sleep which was only improved for cats and rabbits.
Improvement in the ability to play had the highest positive response
rate across all species. Table 6 outlines the results of functional task
performance across all species. There was no association between time
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TABLE 5 Location of wounds associated with assistive mobility cart use.

10.3389/fvets.2024.1466405

Location Number of wounds Percentage of total wounds
Top of paws/foot 87 14%
Inside of hind upper leg/thigh 175 28%
Inside of upper front leg/armpit 136 22%
Belly 76 12%
Back 62 10%
Tail 39 6%
Head or Neck 42 7%
Back of ankle/hock 1 0.2%
Other 3 0.5%
Total number of wounds 621

TABLE 6 Improvement in functional task performance across species using assistive mobility carts.

Task Species \CH Total Yes responses (%), [Cl 95%]
Play Dog 723 919 79% (76, 81%]
Cat 177 216 82% (77, 87%]
Rabbit 32 46 70% [56, 83%]
Eat/drink Dog 732 918 80% [77, 82%]
Cat 152 216 70% [64, 76%]
Rabbit 31 46 67% [54, 81%]
Urinate Dog 525 914 57% [54, 61%]
Cat 140 216 65% [58, 71%]
Rabbit 30 46 65% [51, 79%]
Defecate Dog 493 913 54% [51, 57%]
Cat 140 215 65% [59, 71%]
Rabbit 27 46 61% [47, 75%]
Walk/run Dog 676 914 74% [71, 77%)
Cat 148 215 69% [63, 75%]
Rabbit 24 46 52% [38, 67%]
Rest/sleep Dog 440 914 48% (45, 51%)
Cat 158 214 74% [68, 80%]
Rabbit 37 46 80% [69, 92%]

of use per day and likelihood for a caretaker to recommend cart use
to another caretaker across all species.

4 Discussion

In this study, the use of assistive mobility carts resulted in a
perceived improvement in the quality of life of dogs and cats, as well
as their caretakers. However, the use of rabbit carts did not improve
the quality of life of animals or caretakers. In general, the goal of using
an assistive mobility device is to improve independent mobility and
interaction with the environment (2). Within animal ownership and
veterinary medicine, there is an inherent dependence between an
animal and its caretaker to meet basic needs (7, 11). Carts can improve
functional independence, thereby alleviating the caregiver burden.
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If indicated, carts may be used as a temporary aid in recovery or
lifelong. Carts can be used as a part of the rehabilitation process to
help keep animals in a standing position, especially when they are too
weak to maintain this posture (20). As animals rebuild strength and
coordination, cart use can be phased out, particularly in neurological
rehabilitation. Additionally, for animals with severe spinal cord
injuries, carts can assist in the development of reflexive walking by
supporting the animal’s weight along with other gait retraining
physical rehabilitation activities (21-23). However, the use of carts
remains a controversial topic. In Sweden, the use of assistive mobility
carts is illegal because of the ethical concerns associated with
non-ambulatory animals (13). It is not permissible to use carts, even
temporarily, to assist ambulation. Further studies are necessary to
determine which conditions would benefit the most from assistive
mobility carts.
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For humans, a variety of assistive devices can be used to improve
independent mobility and comfort. Wheelchairs, walkers, and canes
are analogous to assistive mobility carts for companion animals. In
one study looking at adults with late-life disability, 87% of respondents
stated that their quality of life was “fair” “good” or “very good” and
that sense of control and dignity had the largest influence on their
quality of life (24). Quality of life was also dependent on the acceptance
of disability and a shift in focus to functionality, as opposed to
limitations. Further research has shown that electric-powered chairs
improve mobility and comfort for severely disabled people, but not
independence or social interaction (3). Another study found that the
use of assistive devices contributes to socioeconomic interaction,
independence, and self-esteem, which are important factors for
dignity (1). Challenges with assistive devices include maintenance
access, infrastructure, costs, and ignorance. The stigma of using the
device in public or at a place of occupation is one of the most prevalent
psychological barriers (25). Assistive mobility carts may also have
similar impacts on the quality of life, as seen in this study, and animals
may face similar barriers to access.

Owners can be hesitant to consider carts out of concern that their
pets will be unable to perform basic functions and thus have a poor
quality of life. However, in this study, owners reported carts allowed
animals to better perform 3 out of 4 Basic Activities for Independent
Mobility (BADIM) and 4 out of 7 Instrumental Activities for Daily
Quality of Life IADQOL) described by Frye et al. (20). In addition to
facilitating independent mobility, play, and eating and drinking, carts
also enable animals to better posture for urination and defecation.
Carts keep animals elevated during elimination and during bladder
expression of incontinent animals (6, 26). In this study, the majority
of caretakers stated they would recommend a cart to other caretakers,
indicating the perceived value of this assistive device.

Fewer dogs had improvement in the ability to sleep or rest when
using the cart compared to those who showed no improvement. The
cart is designed to support a standing posture, and a completely
sternal, or resting, posture is not physically possible during use. Cart
use requires a caretaker to place the animal both in and out of the cart
and supervise use to avoid fatigue or injury. Interestingly, responses
for cats and rabbits reported overall improved ability for the animal to
sleep or rest while in the cart, and this may be due to differences in
size, flexibility, or conformation compared to dogs. Further
observational studies are needed to better understand differences in
the performance of functional tasks across companion animal species.

In terms of quality of life, there was improvement for both
animals’ and caretakers’ quality of life for both quad and hind wheel
carts. There was not a reported improvement in quality of life for
either the animal or caretaker across all species for front wheel cart
users. This may be related to differences in weight-bearing between
the forelimbs and hindlimbs. In healthy dogs, the forelimbs bear
approximately 60% of the body weight and the hindlimbs bear
approximately 40% (27). For this reason, it may be easier for animals
to acclimate to a hindlimb cart. For quad carts, it is possible that
having the animals supported into a standing posture can make
them more interactive with their surroundings and able to move
with assistance or independently which would lead to improved
quality of life. We suspect large dogs had the most improved animal
and caretaker quality of life due to the alleviation of the greater
physical burden of carrying a larger dog compared to smaller breeds.
Many large breed dogs may appreciate the independence of cart
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activity versus a small breed dog who may be accustomed to
being carried.

All assistive devices carry a risk of complications and failure of
acceptance. In studies investigating veterinary prosthetic or orthotic
use, skin sores, device failure or poor acceptance or compliance are
commonly reported (8, 9, 28, 29). Behavioral or compliance issues
may arise if the animal does not want to use the device or if the
caretaker is unable or unwilling to assist the animal into the device.
Specifically trained veterinary personnel with knowledge of assistive
mobility carts may be used to alleviate acceptance or compliance issues.

The overall complication rate (64%) in this study was similar or
lower when compared to what is reported in veterinary prosthetic and
orthotic literature. In a study on socket prostheses, the short and long-
term complication rates were 62 and 19%, respectively (9). In another
study on both orthoses and prostheses, 91% of patients experienced at
least one complication (8). The most common complications cited were
skin complications, mechanical issues and non-acceptance by the patient.

In the current study, the most common location for wounds to
develop was the inner thigh, followed by the axillary region and the
tops of the paw or feet. This result is likely due to contact with the
supporting saddle, harness of the cart and contact with the ground.
The saddles are generally constructed out of rubber or other firm
materials. In addition, many animals using carts are incontinent,
posing a greater challenge in maintaining skin hygiene. Further
research into the use of different materials to line these areas is needed
to help reduce wound development in these high-contact areas. A
high prevalence of wounds forming on the tops of the paws is
suspected to be due to the dragging of the paw on abrasive flooring.
Paw wounds can be prevented by applying protective footwear or sling
supports to prevent foot contact with the floor. Species variation in
terms of skin thickness or fur type can contribute to formation of
wounds. Specific carts are generally designed for a specific species of
animal which can also impact the overall fit and lead to wounds or
other complications. Further studies looking into these variables are
needed to better understand the impact on wound development.

We were surprised to find that dogs who were fitted by a
veterinarian experienced a higher incidence of complications. This
may in part be due to selection bias; more challenging cases may
be more likely to present for veterinary care. Another consideration is
the variability of veterinary training. Rehabilitation is not included in
the core veterinary curriculum of most veterinary schools, and thus,
veterinarians generally lack exposure to assistive devices. Training
programs range from rehabilitation certification to board certification
(Diplomate of the American College of Veterinary Sports Medicine
and Rehabilitation). Even with advanced rehabilitation training,
assistive mobility cart fitting education is not standardized. Moreover,
veterinarians often only observe animals in a clinic setting, limiting
the ability to troubleshoot acclimatization and fitting challenges that
may occur exclusively in the home environment.

Positive reinforcement and physical rehabilitation focused on the
appropriate device use are generally recommended to improve
success. Behavioral acclimation to ensure cart acceptance is critical,
especially in cases when a cart is the only way an animal can ambulate
independently (4). Future prospective studies investigating the impact
of rehabilitation programs guiding cart use are warranted.

There were several limitations inherent to the survey-based nature
of this study. Information was self-reported by caretakers and medical
indications were not confirmed via medical records. This can especially
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impact the reason for use and complication variables. There could have
been a selection bias of respondents based on their experiences with cart
use. Caretakers with very good or very poor experiences may be more
likely to participate in the survey. Additionally, incentivized surveys can
be susceptible to spurious or “bot” responses. To limit this possibility, a
“bot” response detection service from the Qualtrics platform was applied
to filter sham responses. Survey question interpretation was dependent
on the participant and may have been variable. This may have influenced
responses and may have differed from the author’s intended goal of the
question. The single-use survey format may have excluded additional
data from animals that have used multiple brands or types of carts. The
use of binary response (yes/no) questions may have oversimplified more
nuanced answers and should be avoided in future surveys to avoid
leading questions. Another limitation was not requesting the training
levels of the veterinarians involved in the cart fitting. Future studies are
required to investigate the impact of how guidance from a board-
certified veterinary sports medicine and rehabilitation specialist impacts
cart complication and acceptance rates.

5 Conclusion

Based on this survey study, assistive mobility carts improved the
quality of life of dogs and cats with mobility disorders and of their
caretakers. There was no improvement in quality of life for the majority
of rabbits or their caretakers. Carts are generally well-accepted and
facilitate activities of daily living. Similar to veterinary orthotics and
prosthetics, wounds are the most commonly reported complication.
Future studies exploring the impact on patient outcomes and factors
influencing success, acceptance and complication rates are needed to
guide clinical recommendations.
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Introduction: During agility performance, dogs complete a preset obstacle
course. The teeter, also known as the seesaw, is the only dynamic contact
obstacle. Dogs handle dynamic obstacles differently than static obstacles due to
the need for increased coordination and postural control. No studies have been
performed evaluating dogs’ abilities or biomechanical strategies to navigate the
teeter. The goal of this study was to describe and quantify variability in teeter
performance across a sample of dogs of differing body mass and breeds.

Materials and methods: Twenty dogs of various body masses and breeds were
recruited. Handlers were instructed to line their dog up approximately 5 m from
the teeter and to handle the obstacle in a way to best reflect the dog's typical
performance. Repetitions were filmed using a GoPro Hero 11 at 240 frames per
second. Data were post processed and footfalls were manually tracked using
XMALab. Descriptive statistics were used to describe both central tendency and
variability.

Results: Mean total obstacle completion time (from dog breaking the plane of
the teeter until teeter contact with ground) was 1.31s (sd = 0.38) and mean
total footfalls on the teeter was 18.3 (sd = 3.4). Footfall patterns varied across
all phases of teeter performance, with particularly noteworthy variation during
descent while the teeter was moving. Some dogs were nearly completely
stationary while the teeter dropped while others continued to take steps toward
the end of the obstacle as the teeter was in motion. Smaller dogs had more total
footfalls and longer teeter completion times than larger dogs, and dogs with a
stopped contact behavior took longer to fully exit the teeter after it contacted
the ground.

Discussion: These data imply that dogs use a variety of biomechanical strategies
to perform a dynamic obstacle. Results of this study provide insight into
teeter performance and variables that can be utilized for evaluation in future
biomechanical studies. This study also provides initial data on biomechanical
strategies used by dogs on dynamic surfaces, which may offer insight into
dynamic stability and postural controlin dogs and how that may influence injury
development during sport.

KEYWORDS

agility, dog, teeter, sports performance, canine sports medicine, biomechanics, dog
agility, seesaw
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1 Introduction

The canine discipline of agility is popular internationally, with
over 1.2 million competition entries in American Kennel Club (AKC)
sanctioned events alone in 2023 (1). During agility performance, dogs
complete a course of obstacles in a pre-designated, specific order.
These obstacles may include jumps, tunnels, weave poles, and contact
equipment (A-frame, teeter, dog walk). Contact obstacles require the
dog to enter on one end and exit the other end by placing at least a
portion of one paw in the yellow “contact zone” at the end of the exit
board. Agility is a test of both speed and training, with errors receiving
faults or a time penalty, and the fastest time winning.

The teeter, also known as the seesaw, is the only dynamic contact
obstacle. The teeter consists of a plank, usually made of fabricated
material, though older designs used wood, which is typically coated
in a rubber skin. This plank is supported at the center by a base that
acts as a fulcrum (2). Equipment specifications vary by agility
organization. In general, the teeter plank is 12 inches wide and 12 feet
long and is required to have a non-slip surface. The height of the teeter
is 24” at the pivot point. For the AKC, the designated “contact zones”
are 36 inches long and are colored in contrasting color from the
remainder of the plank. AKC regulations require that the teeter is
specifically designed so that it is balanced and hits the ground in less
than 3 s when a 3-pound weight is placed 12 inches from the raised
end (2). The event organizer must have on-hand the materials to
correct a slow-dropping teeter (duct tape/fasteners, weights, etc.) (2).
Dogs must ascend the plank and then cause the plank to pivot. In
AKGC, dogs must touch the “up” contact zone with any part of one foot,
though other agility organizations do not have “up” contact zone
requirements (2). For all agility organizations, at least one paw must
touch the “down” contact zone after the plank has touched the ground
prior to exiting the obstacle with all four paws (2). The dog must exit
the descent end of the teeter. Standard faults (point/time deductions)
are given if the dog misses the up (in AKC) or down contact zone, or

10.3389/fvets.2024.1492391

if the dog jumps off the end of the teeter plank before the board
contacts the ground (called a “fly-off”) (2).

A variety of training strategies are employed for this obstacle. To
ensure successful completion of the obstacle, where the teeter touches
the ground and the dog has at least one paw in the “down” contact,
many handlers train the dog to perform a specific behavior at the end
of the teeter, also called a contact behavior (Figure 1). The two most
commonly trained behaviors include a “two-on two-oft” (2020;
Figure 1C) and an “all four on standing” (40; Figure 1B), with the
overwhelming majority performing a “two-on two-off” behavior (3).
The 2020 behavior is where the dog is trained to run to the end of the
plank, place the two front feet on the ground off the plank while
keeping the rear two feet on the down contact. Typically, the dog is
trained to remain in that position until verbally released. A 40 behavior
is where the dog is trained to run to the end of the plank and stop with
all 4 paws on the plank as close to the end as possible, either in a
standing position (more common), a down or a bow position (less
common) and the position is typically held until released by the
handler. A running contact is also performed by some dog-handler
teams, where no stop is performed after the plank contacts the ground,
and requiring no release, although the dog is often stationary during
descent (Figure 1D). Some handlers train with a stationary contact
behavior (2020 or 40) but will do a quick/early release, where typical
contact criteria are not upheld in exchange for speed, or running
contact during major competitions. Methods for training these various
contact behaviors vary. A successful performance reflects the dog’s
physical, and mental, ability to compensate for the dynamic obstacle
movement. A failure to successfully perform this obstacle will result in
the best case, a time penalty, and in the worst case, injury to the dog.

Injuries are common in agility dogs, with some studies reporting up
to a42% injury rate (4). Shoulder, iliopsoas muscle, digit and lower back
injuries were most commonly reported (4). While other studies have
evaluated possible risk factors for injury, minimal clear correlations have
been observed. The most consistent correlations across studies have been

FIGURE 1

Images of teeter performance. (A) A dog crossing the pivot point of the teeter, (B) a dog performing a “all four on standing” (4o) behavior, (C) a dog
performing a “two-on two-off" (2020) behavior, and (D) a dog performing a running contact.
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increased risk of injury with Border Collie breed, higher competition
level, less handler experience, and increased dog weight compared to
height (3, 5-10). There have been very few correlations found between
injury and specific obstacle performance. However, one study found that
dogs who completed training for teeter contact behavior at a younger
age had a lower risk of injury (3). The reasons for this were unknown,
but one of the hypotheses was that dogs who were able to learn to
negotiate the teeter quickly had better balance and coordination
compared to dogs who took longer to learn to navigate this dynamic
obstacle. In humans, increased balance and coordination has been
shown to be associated with decreased risk of injury in athletes (11).

There has been much discussion among the agility community
about how specific obstacles, performance techniques, and contact
behaviors for those obstacles might influence injury risk. However, to
date, there have been no studies specifically evaluating these factors.
A study by Cullen et al., asked handlers in a retrospective survey if
they thought a specific obstacle was associated with their dog’s injury
(12). Commonly reported perceived causes of injury included direct
contact with a bar jump and contact with/fall from an A-frame or dog
walk (12). Based on these concerns, some biomechanical studies have
been performed looking at kinetics and kinematics of jumping and
A-frame performance, but none have looked at specific paw placement
patterns, contact behaviors, or relationship to injury (13-26). Other
video-based studies have aimed to look at paw placement patterns in
the performance of obstacles such as weave poles and the dog walk
with the intent of categorizing performance strategies to enable more
in-depth studies. Those studies found that weave pole performance
could generally be classified into 5 specific techniques, but that dog
walk performance was too variable for classification (27, 28). However,
due to the unique, dynamic nature of the teeter obstacle, studies
evaluating other obstacles cannot be extrapolated to the teeter.
Currently, no studies have been performed evaluating performance
strategies, kinetics, or kinematics of the teeter obstacle.

The dynamic nature of the teeter obstacle makes it a unique
obstacle to navigate. No studies have been performed evaluating dogs’
abilities or biomechanical strategies to navigate dynamic obstacles. A
recent study evaluated the effect of external mechanical perturbations
using a motorized training platform on a dog’s postural stability (29).
Center of pressure was used to measure postural stability and, not
surprisingly, it was found that external mechanical perturbations
created a challenge for postural stability. They also found that an
increase in amplitude of the perturbations created a greater challenge
for postural stability than an increase in speed of the perturbations
(29). This study noted that dogs did not tolerate the highest intensities
of amplitude and speed in combination. It is unknown if or how a
mechanical platform correlates with the movement and postural
control needs for performance of the teeter obstacle. Other studies in
dogs have evaluated how aging affects postural control, and how
orthopedic surgery affects balance (30-32). However, neither of these
populations are particularly relevant to the canine athlete population
navigating dynamic obstacles. There is a very large body of research
on dynamic stability and postural control in humans, in a variety of
demographic populations including athletes. However, results are
likely to be different based on bipedal versus quadrupedal biomechanics.

The goal of this study was to describe and quantify variability in
different teeter performance strategies across a convenience sample of
dogs of differing body mass and breeds, and to identify areas of
interest for future biomechanical studies.
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2 Materials and methods
2.1 Data collection

Twenty dogs without breed or size restriction were recruited for
this study. All dogs were owner-reported to be competing at the
Masters level of AKC agility (or equivalent) and to be free of
orthopedic health conditions. The owner also reported breed, height
at the withers, and mass.

The training facility was a 12,000 square foot, indoor, climate-
controlled building used almost exclusively for dog agility training
and competitions. The footing was GrassTex turf (product PL307).
The teeter was a “Clip and Go Seesaw” which is an engineered rigid
aluminum plank with a metal MAX/composite board top on the
plank and a wet-pour UV-stable rubber surface. It has speed-limiting,
cushioning cylinders on base to reduce board whip and rebound
(cylinders are sealed), nylon pivot bushings on base, and energy-
absorbing foam underneath the grip pads on the descent side of
plank to cushion impact. The teeter was secured with sandbags on the
fulcrum to limit extraneous movement, as is common in agility
competitions. The drop rate of the Clip and Go Seesaw in the
standard 3 1b.-weight test ranges from 1.6 to 1.9 s (33).

Handlers were instructed to line their dog up approximately 5 m
away from the teeter and to handle the obstacle in a way of their
choosing to best reflect the dog’s typical performance. Dogs were
asked to perform a total of four repetitions of the teeter, two each with
the handler on the left and right sides of the dog. Only a single
repetition of the obstacle was performed per recording sequence.
Dogs were filmed using GoPro Hero 11 at 240fps in linear mode while
performing the obstacle.

All protocols were approved by the Ohio State University’s
institutional animal care and use committee (IACUC #2022A00000058).

2.2 Data processing

Data was post-processed and footfalls were manually tracked using
XMALab (version 2.1.0) for a single repetition for each dog with the
handler on the right, so as to not obscure the dog’s performance. For
each footfall, the position on the obstacle/ground and the duration of
contact with the obstacle/ground (i.e., duty factor) was recorded. For
positional footfalls, four areas of interest on the teeter were defined: the
up-contact zone, the area past the up-contact but prior to the midpoint,
the area past the midpoint but prior to the down contact zone, and the
down contact zone. Per AKC rules, contact with any portion of the paw
within the yellow contact zone (up or down) was considered a footfall
within the contact zone. Total footfalls on the teeter were also recorded.

For the purpose of defining performance strategies, the following
phases of teeter performance were described: 1. Approach; 2. Ascent;
3. Tip; 4. Descent; 5. Exit. Approach was defined as the stride before
any contact with the teeter. Ascent was defined as the time between
the dog’s nose breaking the plane of the teeter and when the teeter
started to move. Tip was defined as the instantaneous moment the
teeter began to move. Descent was defined as the time between when
the teeter began to move to when it contacted the ground. Exit was
defined as the time from when the teeter contacted the ground to the
stride after all paws have left contact with the teeter. This may include
a stationary period where the dog is holding a contact behavior.
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Duty factor footfalls were counted within ascent, descent, and exit.
When counting footfalls in these time intervals, a footfall held over
two time intervals (e.g., both the ascent and descent) was classified
based on where it was held longer. For these footfalls, resetting of paws
were counted as a single footfall when they were not visually distinct
on a duty factor plot. Note that footfalls on the ground before and after
dog contact with the plank were not counted as total footfalls, but
footfalls on the ground during exit (i.e., as part of a stationary contact
behavior) were counted as duty factor footfalls.

Contact behaviors were defined as “stopped” or “not stopped” A
dog that had all four paws simultaneously stationary with at least one
paw on the teeter after the teeter had contacted the ground was
considered to have a “stopped” contact. The stopped contact behavior
was further classified based on how many paws remained on the teeter
while stopped: “4 on” (40) if all four paws were on the teeter, “2 on 2
oft” (2020) if the front paws were off and rear paws were still on, and
“3on 1 off” (3010) if 3 paws were on the teeter and one front limb was
off. Sliding was not observed in any of the dogs in this study.

“Total time to completion” was defined as the time from when the
dog’s nose broke the plane of the teeter until the teeter first contacted the
ground (i.e., ascent time + teeter descent time). “Time to dog exit” was
defined as the time from when the teeter first contacted the ground until
no more paws were in contact with the obstacle. Additionally, “dog time
to descent” was defined as the time from when the nose crossed the
midpoint until the teeter touched the ground, whereas “teeter time to
descent” was defined as the time from when the teeter started to move
until it touched the ground (i.e., “descent” phase above). All times were
calculated by counting the number of frames and converting to seconds.

2.3 Data analysis

Descriptive statistics were used to describe both central tendency
(means) and variability (standard deviations, range). Dogs were

10.3389/fvets.2024.1492391

grouped into 4 mass categories (<10kg, 10-20kg, 20-30 kg,
and > 30 kg). Mass was chosen for categorical representation of dog
size, as teeter descent is dependent on mass past the pivot point.
Exploratory associations between dog mass and teeter performance
variables were quantified with linear regression models. Statistical
in RStudio
2023.12.0 + 369) using the packages proxy (version 4.3.2), spatstat.

analysis and plots were performed (version

geom (version 4.3.2), tidyr (version 4.3.2), and plotly (version 4.3.2).

3 Results
3.1 Overall teeter performance

The 20 participating dogs were a variety of breeds and sizes (full
raw data available in Supplementary Tables 1, 2). The most common
breed was the Border Collie (n = 6), but the sample also included four
Labrador Retrievers, three mixed breed dogs, and three Weimaraners.
The mean mass was 20.5 kg (sd = 8.9) with the smallest being a 4.0 kg
Italian Greyhound and the largest a 39.6 kg Weimaraner. A stopped
contact was observed for 13 of the 20 dogs (65%). The remaining dogs
did not have a stopped contact, but a variety of “not stopped”
behaviors were observed. The two smallest dogs (<10 kg) did not have
a stopped contact and the two largest dogs (>30 kg) both did have a
stopped contact.

The mean total time for obstacle completion was 1.31s
(sd = 0.38), with a minimum of 0.96 s and a maximum of 2.55 s
observed (Table 1). Total obstacle completion times were generally
similar between dogs with stopped contacts and those without
(Table 1). The mean number of duty factor footfalls was 18.3
(sd = 3.4), with a minimum of 12 and a maximum of 26, and these
means were also similar between dogs with and without stopped
contacts (Table 1). Dog mass was strongly associated with both total
footfalls and obstacle performance times. Larger dogs had fewer total

TABLE 1 Summary statistics for obstacle performance time in seconds and number of observed footfalls in each teeter phase.

All dogs® (n = 20) Min, Max Stopped® (n = 13) Not stopped® (n = 7)

Overall

Total obstacle completion time* 1.31 (0.38) 0.96, 2.55 1.21 (0.12) 1.50 (0.60)

Total number of footfalls 18.3 (3.4) 12,26 18.8 (1.9) 17.4 (5.3)
Ascent

Ascent time* 0.61 (0.22) 032, 1.11 0.58 (0.18) 0.68 (0.28)

Ascent number of footfalls 6.2(2.2) 4,13 5.6 (1.2) 7.1(3.2)
Descent

Teeter time to descent’ 0.70 (0.23) 0.51, 1.44 0.63(0.12) 0.83 (0.33)

Dog time to descent” 0.90 (0.31) 0.65, 1.93 0.80 (0.10) 1.07 (0.48)

Descent number of footfalls 5.9(2.4) 2,12 5.6(2.7) 6.4 (1.9)
Exit

Time to dog exit" 1.24 (0.92) 0.02, 3.47 1.75 (0.77) 0.37 (0.23)

Exit number of footfalls 6.3(2.9) 1,11 7.5(2.6) 3.9(1.6)

*Time from when nose crosses teeter threshold until teeter touches the ground.
“Time from when nose crosses teeter threshold until teeter starts to move.
"Time from when teeter starts to move until teeter touches the ground.

“Time from when nose crosses midpoint until teeter touches the ground.

"Time from when teeter touches ground to last paw contact (n = 19 total; 1 stopped contact still held on video end).

°Mean (SD).
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footfalls (Figure 2; p = 0.012). Larger dogs also had faster overall total ~ 3.4 Ti P

obstacle completion times (Figure 3; p = 0.011). Paw positions on the

teeter plank for all 20 dogs are shown in Figure 4 and the The location of the dog when the teeter started to move is shown

corresponding duration of each footfall (duty factor) is illustrated in  in Figure 6. Some dogs initiated the tip near the midpoint of the teeter

Figure 5. while others took a stride spanning the midpoint and initiated contact
further along the plank. This variation was seen even within dogs of
the same breed (e.g., LAB0_0001, LAB0_0002).

3.2 Approach

Dogs appeared to show some variability in their entry stride into 3.5 Descent
the teeter (Figures 4, 5). Some individuals (WEIM_001, DOB0_0001)
had all four footfalls within a relatively small space on the ground The mean time for dog descent was 0.90 s (sd = 0.31, Table 1)
close to the teeter, indicating more of a collection-type stride. Others ~ and the mean time for teeter descent was 0.70 s (sd = 0.23,
(e.g.» BC00_0006, LAB_0004) took the entry stride from further away ~ Table 1). The fastest teeter descent time was 0.51 s, with multiple
and had a longer stride length, indicating greater relative extension. ~ dogs approaching 0.5 s (Figure 7). 15 of 20 dogs (75%) had times
All dogs appeared to have average-to-short contact duration with the  less than 0.75 s (Figure 7 and Supplementary Table 2). Descent
ground during the entry stride, as compared to their footfalls whileon  times were longer for the smallest dogs with statistically significant
the teeter (Figure 5). associations observed between mass and dog descent time
(Figure 8A; p=0.002) and dog mass and teeter descent time
(Figure 8B; p < 0.001).
3.3 Ascent Dogs appeared to use a variety of biomechanical strategies to
navigate the moving plank during descent (area between the solid and
Mean time for ascent was 0.61 s (sd = 0.22), with all dogs initiating ~ dashed lines in Figure 5). Some dogs maintained a near-stationary
the tip within 1.11 s. Initial paw positioning was variable during teeter ~ position with long duty factors (e.g., MIX0_0001, MIX0_0003,
ascent, with two dogs not placing any paws in the up-contact zoneand ~ BC00_0007), while others took multiple steps while the teeter was in
nine individuals placing all four paws at least once in this region  motion (e.g., IG00_0001, SS00_0001). Often, larger dogs straddled the
(Figure 4). Mean total number of footfalls during ascent was 6.2, with  pivot point of the teeter during descent while smaller dogs stood
slightly more footfalls observed during ascent for dogs without  further past the midpoint until the teeter contacted the ground, as
stopped contacts (7.1 footfalls) than dogs with stopped contacts (5.6  seen from the still images in Figure 6 and the corresponding paw
footfalls). However, mean footfalls during ascent were virtually  timings in Figure 5.
identical between the 13 dogs with stopped contacts, all of whom had The mean number of footfalls during the descent (5.9,
amass > 10 kg, and the 5 dogs with mass > 10 kg who did nothavea  sd = 2.4) was similar to the mean number of footfalls during
stopped contact. The footfalls during ascent were generally shortin  ascent (6.2, sd = 2.2) and generally similar between dogs with
duration relative to the footfalls during descent (Figure 5), although  stopped and not stopped contacts (Table 1). All dogs contacted the
for some individuals there was an observed increase in contact time ~ down contact zone with multiple paws in this sample

just prior to the tip point as well (e.g., MIX0_001). (Supplementary Table 1).
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FIGURE 2
A relationship between dog body mass and the total number of footfalls was observed, with a trend of larger dogs having fewer footfalls than smaller
ones (p = 0.012). Color coding indicates mass categories.

Frontiers in Veterinary Science 121 frontiersin.org


https://doi.org/10.3389/fvets.2024.1492391
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Pechette Markley et al.

10.3389/fvets.2024.1492391

FIGURE 3

coding indicates mass categories.

250 ©
*
o
3
=
9 .
2 °
g
8 ° y=-0.024x+1.797
2 150 R2=0.273
21
= .
'.—
[ ) ° °
[ ] ..
[ [ [ [ I
10 20 30 40

Dog Mass (kg)
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3.6 Exit

Of the 13 dogs with a stopped contact, 11 (85%) were classified as
a 2020 contact. In this controlled environment, dogs held stopped
contact behaviors for varying amounts of time with a mean time to
exit of 1.24 s (sd = 0.92) among dogs with stopped contacts (Table 1).
One dog (BC00_0006) did not exit the obstacle during the video and
was still holding a 2020.

Dogs with a stopped contact had more footfalls during the exit
phase as compared to dogs without a stopped contact (Table 1).
Some dogs were observed shifting their weight or taking small steps
while maintaining the same contact behavior (e.g., the multiple blue
footfalls in Figure 4: for DOB0_0002 and WEIM_0002).

The exit stride, or the first stride off the teeter, showed high
variability in paw positioning, as illustrated on Figure 4. Some of this
variability appears to be related to contact behavior, with dogs who
had a 2020 stopped contact placing their paws further from the exit
edge of the teeter plank.

4 Discussion

The goal of this study was to describe and quantify variability in
different teeter performance strategies across a sample of dogs of
differing body mass and breeds and to identify areas of interest for
future biomechanical studies. Dogs exhibited a substantial amount of
variability in paw positioning, number of footfalls, duty factor, and
obstacle performance times. There was considerable variability in
biomechanical strategies for each phase of the teeter and notable
differences in performance observed between the smallest and
largest dogs.

4.1 Approach

Observationally, there was substantial variation in entrance strides
between dogs, particularly with regards to the degree of collection and
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extension (i.e., relative stride length) exhibited upon entrance to the
teeter (Figure 4). Visually, some of the Border Collies and Labrador
Retrievers in this study entered the teeter with more extension
compared to others of the same breed. Similarly, some Weimaraners,
Doberman, and mixed dogs appeared to enter the teeter with more
collection compared to others in their mass category. This variation
may be a result of training methods or breed behavior, as this did not
appear to be associated with mass. However, this study evaluated
obstacles independently, with a straight-line approach, and not in
sequence. Agility courses will have varying angles of approach to the
teeter, as well as variations in speed of approach based on the previous
obstacle type, orientation and the distance from the previous obstacle
to the teeter. These variations in course design will likely affect the
approach performance variables such as the degree of collection or
extension. Approach stride lengths were not quantified as dogs started
a relatively short distance from the teeter obstacle from a stationary
position which is not representative of obstacle completion during
typical agility obstacle performance. Therefore, these observations
were based on visual estimations and were not corrected to actual
stride lengths. Additional studies would be needed to evaluate
entrance stride kinematics and relation to breed, conformation,
training, and course design.

4.2 Ascent

Footfall placement and number of footfalls during the ascent
phase was quite variable between dogs. Two dogs did not place any
paws in the up-contact zone. In AKC, where the up-contact zone is
judged, this would be considered a fault, though these two dogs
questionably placed toes on the edge of the plank in the up-contact,
so it may not have been judged as a fault. Some dogs placed a single
paw in the up-contact zone but almost half of dogs had a whole stride
(placement of all four paws) within the up-contact zone. The paw
placements within the up-contact zone were correlated with dog size,
with smaller dogs more likely to complete a whole stride in the
up-contact. The two dogs that did not place a paw in the up-contact
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FIGURE 4

contact on video end.

Distance (feet)

Paw position on the teeter obstacle for all 20 dogs. Front paws are shown with white fill and rear paws are shown with black fill. The strides before and
after are shown in red and observed stopped contact behaviors are shown as blue outlines (2020, 40, 3010), indicating that the dog was stationary
after the teeter touched the ground. Dogs are separated by mass category (<10 kg, 10-20 kg, 20-30 kg, >30 kg). BCO0_0006 held 2020 stopped
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FIGURE 5
separated by mass category (<10 kg, 10—-20 kg, 20-30 kg, >30 kg). BCO0_0006 held 2020 stopped contact on video end.

zone were larger dogs. These variations are likely a direct result of dog
stride length, though training may also influence ascent striding.
When comparing the ascent variables between dogs with
stopped and not stopped contact behaviors, there were no notable
differences. This suggests that dogs may not have differences in
preparation for the moving descent of the teeter based on trained
contact behavior, though definitive conclusions cannot be made
with this small sample size. The footfalls during ascent were
generally short in duration relative to the footfalls during descent
which may be related to the increased stability of the plank ascent
compared to the dynamic movement of the plank descent. One dog

Frontiers in Veterinary Science

appeared to significantly increase contact duration during the last
few steps of ascent, potentially anticipating teeter movement
(Figure 5: MIX0_001). Fear of teeter movement and the resulting
noise on ground contact is a commonly encountered training
challenge in dog agility. Future work that addresses the dog’s
training history would provide insight if there are anticipatory-
related effects on performance and if there are differences in
obstacle performance in individuals who have had challenges with
training compared to those who did not show aversion to movement
during training. Variation in ascent performance may also
be reflective of the highly variable approach stride and starting
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FIGURE 6
Image stills of all 20 dogs at the frame of initial teeter tip.
distance from the teeter. It is unknown how ascent variables may 4.4 Descent

be affected by teeter placement within a course, which obstacle is
placed prior to the teeter, the distance between the obstacles, and
the line to approach.

4.3 Tip

The location of the dog’s torso at the moment of the teeter tip
varied substantially. The teeter is a type of lever that consists of a flat
surface and a center fulcrum. The force required to drop the teeter
must overcome the mass of the portion of the plank in contact with
the ground. Mass on the elevated side of the teeter increases the
force, causing the teeter to drop. This force is larger with larger mass
and when the mass is further from the fulcrum (i.e., longer lever
arm). Thus, smaller dogs must move farther out onto the teeter to
achieve enough force to overcome the mass of the plank compared
to the required distance for larger dogs. Similarly, for dogs equally far
away from the fulcrum, larger dogs will exert more force, causing the
teeter to drop faster. The smallest dogs appeared to have their whole
torso past the tipping point to overcome this inertia. Dogs greater
than 10 kilograms often straddled the tipping point. In the larger
dogs, some only crossed the tipping point with the head and
forelimbs and yet were able to produce enough force to
initiate movement.
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Dogs appeared to use a variety of biomechanical strategies to
navigate the moving plank during descent. Some dogs remained in a
stationary position past the tipping point of the teeter as the teeter
moved, while other dogs moved throughout the movement of the
falling teeter. Biomechanical strategies for handling the dynamic
movement are likely variable based on a dog’s physical characteristics
(e.g., height, mass, conformation), balance and coordination, comfort
level with movement, and training techniques. Dogs must maintain
the coordination needed to compensate for the movement of the
obstacle. It is possible that dogs who move through the movement of
the teeter have increased balance and coordination, allowing them to
compensate for the additional instability and movement. It is also
possible that these dogs have more comfort with movement, which
could be related to overall temperament or their balance and
coordination abilities. Assessing weight shift during movement may
be beneficial in further evaluating how dogs handle the movement of
the teeter, but weight shift could not be assessed in this study. It is
unknown how training contributes to this coordination and comfort
with movement. Future work should evaluate correlations with
obstacle training strategies as well as relation to a dog’s overall balance
and coordination ability.

The time of the descent phase was strongly associated with dog
mass, with heavier dogs having a faster teeter descent (Figure 8B).

frontiersin.org


https://doi.org/10.3389/fvets.2024.1492391
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Pechette Markley et al.

4.0

3.0+
Dog Mass (kg)
;,3 — <10
g — — 10-20
- 20-30
<
o — >30
‘g 20
o
2
= -
9]
2
8
10
0 T T 1
0 0.5 1.0 15
Time (sec)
FIGURE 7

Descent of the teeter tip is faster in dogs of higher body mass. Color
coding indicates mass categories.

This was not surprising given the physics of the teeter, but it is
important to note that teeter drop speed is not equivalent to, or a
result of, dog speed. Drop speed is dependent on dog mass and the
physics of the lever arm. A faster dog may have a faster overall
time to completion due to their ability to get past the fulcrum
point faster, but dog speed does not affect the actual rate of descent
of the teeter. Also, even with increasing mass, there will be a
mechanical limit to the time of descent, due to friction and the
design of the teeter, which has speed-limiting, cushioning
cylinders on the base to reduce plank whip and rebound (33). In
this study, four dogs had teeter descent times less than 0.55 s, but
none were less than 0.50 s, suggesting that dogs are approaching
the minimum teeter descent time for this teeter. The theoretical
limits for the brand of teeter used in this study, which would
be tested with a very large weight placed on the very end, is
unknown. Observed dog time to descent was generally slower than
teeter time to descent, reflecting the lag between the dog’s nose
passing the fulcrum of the teeter but before mass is applied to the
plank (Table 1). The timing of the stride crossing the fulcrum
could affect this relationship, as a paw may precede the nose
passing the midpoint. Further work to analyze weight distributions
at the time of teeter tipping and throughout the descent phase
would provide additional data on how dogs utilize their weight to
optimize performance.

4.5 Exit

A consistent performance where the dog remains on the teeter
until it has contacted the ground, such as using a trained stopped
contact behavior, is critical. Failure to successfully perform this
obstacle results in a course fault and may potentially result in injury
to the dog. The majority of dogs (n = 13, 65%) exhibited a stopped
contact behavior with 11 of these 13 being a 2020 behavior with front
feet on the ground and rear feet on the teeter. In this study, 1 dog
exhibited a 40 standing behavior with all four paws on the teeter plank
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after touching the ground. A “3 on 1 off” (30l0) behavior was
exhibited by one dog. Since stopped contact behaviors are trained
behaviors, the 3010 was likely meant to be a 2020 behavior and was
not performed accurately.

This is somewhat consistent with previous research that
reported that most dogs had a stopped contact behavior and that
the majority of those were 2020 behaviors (3). However, the actual
percentages reported in that study were quite different. The survey
by Pechette Markley, et al., reported that almost 90% of dogs had a
stopped contact behavior, compared to the 65% in this study (3). Of
the dogs in the Pechette Markley et al. survey, 52.7% had 2020
behavior and 28.7% of the dogs had a 40 standing behavior,
compared to 55 and 5%, respectively, in this study (3). The
differences between studies may be due to the differences in sample
size, with this study having a very small sample size, and population
parameters (e.g., breeds, masses, heights, conformations), compared
to the survey. It may also be due to the fact that the survey was by
handler self-report, rather than observed contact behavior. The
differences may also be attributed to the represented breeds in the
two studies, as the contact behaviors are likely influenced by the
size of the dog. It is also possible that the particular setup for this
study influenced the performance behavior and that the contact
behaviors noted during this study were not reflective of the dog’s
normal contact behavior or how the behavior would be cued in
other settings.

There was also variation in duration of stopped contact
behaviors. Not surprisingly, dogs exhibiting a stopped contact
behavior spent more time in contact with the teeter compared to
dogs who did not exhibit a stopped behavior. This variation in
holding contact behaviors likely depends on specific training
techniques as well as the timing of when the handler releases the
dog from the behavior. The duration of contact behaviors is also
likely to be influenced by the environment. Since speed of agility
course completion determines placement ranking, handlers may
be more likely to quick release their dogs or not hold the stopped
contact behavior for as long of a duration during competition as
they do in training. It is unknown how the study environment may
have influenced the duty factor on the teeter or stopped contact
hold duration. To better evaluate contact behaviors, studies with
larger sample sizes and studies evaluating dogs in a more trial-like
agility environment are needed.

Dogs with a stopped contact had more footfalls during the exit
phase as compared to dogs without a stopped contact. This may
be related to the training techniques and contact behaviors that are
used to ensure that dogs have at least part of one paw placed in the
down contact zone. It is possible that the training techniques used
to train a specific contact behavior, as well as the contact behavior
itself, cause the dog to be more careful during this phase, thereby
resulting in the dog taking more steps to ensure successful contact
behavior completion. Interestingly, dogs who performed a stopped
contact were faster by all measures except “Time to Dog Exit.”
We expected dogs preparing for a stopped contact behavior would
result in a slower performance of the obstacle. However, they were
only slower when the time holding the contact behavior was
included. Overall, the total obstacle completion time was generally
similar between dogs with stopped contacts and those without.
This suggests that a quick-release version of stopped contact
behavior commonly observed during competitions is comparable
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to, if not faster than, a non-stopped contact behavior for the
teeter obstacle.

Exit strides were also highly variable between dogs. Some of this
variability appears to be related to contact behavior, with dogs who
had a 2020 stopped contact placing their paws further from the edge
of the teeter plank. As this study focused on single obstacle
performance, there was not a specified next obstacle to recreate an exit
as seen during competition settings, therefore this behavior was not
quantified. Future work looking at teeter performance within courses
would provide more insights to variability in entry and exits to
the teeter.

4.6 Limitations and conclusion
Limitations for this study include a sample size of 20 dogs. While

there was a wide variety of breeds and body weights, the sample did
not necessarily reflect the most common agility breed distribution,
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nor did it reflect the within-breed variation seen in many of the
popular agility breeds, such as Border Collies. In previous studies, the
most common breeds competing in agility were Border Collie,
followed by mixed-breed, Shetland Sheepdog, and Australian
Shepherd (3). While Border Collies were the most common breed in
this study, Labrador Retrievers and Weimaraners were overrepresented
compared to the general agility population data.

Because of the small sample size, it was not possible to look at
correlations between footfall patterns and performance variables
with dog size other than mass (e.g., height, other conformation), or
specific training techniques. Since this was an experimental setup,
the dog’s performance may also not be a true reflection of the dog’s
performance in training or competition. It is possible that
performance variables may differ substantially when the teeter is
performed in a full course setting at speed. With this particular
experimental setup, it was also not possible to evaluate how different
approach angles and prior obstacle types and orientations affect
teeter performance.
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Another limitation is that only a single teeter brand was used
in this study. While teeters must meet agility organization
specifications, there is still variability in teeter design and
specifications between manufacturers and even between different
lines within the same manufacturer. For more comprehensive
evaluation of performance variables, obstacles from multiple
manufacturers should be compared. Another limitation was that
no veterinary examination was performed so inclusion relied on
the handler reporting that their dog was injury-free. Because
handlers may not always be able to identify that their dog has a
mild injury, some dogs participating in this study could have had
an injury or underlying orthopedic disease that could influence
performance variables. Injury history data was also not acquired,
and previous injury could also influence obstacle performance.

These data suggest that dogs of different sizes use different
biomechanical strategies to perform a dynamic obstacle and that
variability in contact behavior results in variation in performance
strategies. Results of this study provide insight into teeter
performance strategies and variables that can be utilized for
evaluation in future biomechanical studies. This study also
provides initial data on biomechanical strategies used by dogs on
dynamic surfaces, which may offer insight into dynamic stability
and postural control in dogs and how that influences injury
occurrence during sport. Future studies should recruit a larger
number and variety of dogs, making sure to include the most
common agility breeds, and a variety of body morphologies within
the breeds. Given the notable differences in performance
we observed between the smallest and largest dogs, future studies
should carefully consider dog size. Future studies should also
include more repetitions, camera angles that ensure all data is
captured, and should be validated against videos of dogs in a
training and competition setting. Future data capturing kinematics
and kinetics throughout the performance phases would provide
more robust data for clinical and performance correlations.
Analysis of the performance of different brands of teeters with
specific weights placed at known distances from the fulcrum
would provide insight into obstacle variability and allow for
theoretical models of optimal dog performance. Collecting details
on training history and injury history in a larger population of
dogs may allow for correlation between performance variables,
training techniques and injury. Results of this study provide
foundational context to future biomechanical studies of canines
on dynamic surfaces, which may offer insight into sport injury
development and prevention.
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University, Pullman, WA, United States, 2Division of Biostatistics, College of Public Health, The Ohio
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Objective: To develop a web-based tool for daily use by agility handlers to log
rating of perceived exertion (RPE) for dogs as an aid in quantifying daily exercise
and training load and to improve training and conditioning strategies.

Procedures: Focus group meetings with small groups of handlers were
conducted via internet—based video conferencing using a semi-structured
interview format. Meeting notes were coded for reflexive thematic analysis. The
RPE logging tool was revised based on handler feedback. Each handler was
asked to log their dog's daily RPE data for 1week. Data were analyzed to assess
compliance and timeliness of entries. Participants completed a post-logging
questionnaire to provide feedback about their experiences.

Results: Eighteen agility dog handlers participated in all phases of the project.
Handlerand dog demographics were similar to previously reported demographics
of agility participants in the United States. Reflexive thematic analysis of their
comments related to the initial draft RPE logging tool yielded 3 initial themes, all
of which supported a fourth and major theme: the need for specific and detailed
training resources before agility handlers utilized the RPE tool. Of 18 handlers,
14 (78%) submitted logging records for the full week. Median time for data entry
was 87s (IQR =56-117s), and 92% of logging records were entered within 1 day
of the events which were being recorded. In the follow-up questionnaire the
handlers did not identify any major concerns. Based on all available data from
the handlers, a final version of the RPE logging tool was produced.

Conclusion and clinical relevance: Agility dog handlers are very interested in
developing and validating tools to quantify training load for their dogs. The final
RPE logging tool was quick and easy to use. Further validation of this logging
tool is required with a larger number of handlers and comparison to physiologic
data from exercising dogs.
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Introduction

Canine agility is growing in popularity, with a concomitant
increase in interest in evidence-based practices that support optimal
athletic performance and competitive longevity. The sport of agility is
physically demanding because it combines running, jumping
obstacles, frequent abrupt turns at speed, navigation of elevated and
angled frames or teeter-totters, and weaving between tightly spaced
poles. Retrospective studies of agility dog injuries based on handler
reports estimate that one-third or more of agility dogs experience one
or more injuries in their competitive career, with one-third of those
dogs having more than one injury (1-8). The most common anatomic
sites reported to be injured are the shoulder, back, neck, and digits
(2-6, 9, 10).

A recent survey of more than 1,300 agility handlers ranked the
relative importance of 12 research areas related to canine agility (10).
The highest ranked research priorities were enhancing and prolonging
the athletic lifespan for dogs, identifying risk factors for specific types
of injuries, physical conditioning programs, rehabilitation programs
for injured dogs, improving safety of equipment and course design,
and understanding safety of various surfaces used of agility training
and competition. Each of these areas of research would benefit from
the ability to collect data related to canine training and activity load in
an accurate, efficient, and prospective manner.

Training and competition load in human athletes refers to the
total volume, intensity, and type of physical activity undertaken by the
athlete over a period of time (11). This concept includes both external
training load, what the athlete does, and internal training load, the
psychobiological responses to these activities (11). The internal
training load experienced as a result of the work performed (external
training load) can change according to fitness status of the athlete.
External load (the physical work executed) and internal load (the
biological response) can now be simultaneously measured in many
ways in human athletes such as Global Positioning System (GPS)
monitoring combined with heart rate monitors (12). Training and
competition load stimulates adaptation of body systems which can
result in increased fitness and improved performance. There are
currently no validated tools to measure daily athletic activities and
“training load” of agility dogs. There are only a few reports of potential
links between activity, conditioning, or training practices and risk of
injury in agility dogs (3, 13). In contrast, there is an abundance of
information on this topic related to human athletes in a wide variety
of sports (14-17) and load management has emerged as an important
factor in injury risk (14). Objective exercise data are also used to study
factors predisposing racing horses to injury (18, 19).

Training or sport exposure can be recorded in a variety of ways,
including daily training logs, activity monitoring with electronic
devices, recording of specific event frequencies and durations, and
self-report ratings of perceived exertion (20). The rating of perceived
exertion (RPE) as reported by the athlete after each training session
was first described by Borg (21). This simple, subjective measure has
been modified in numerous ways to fit athletes in multiple sports
(15-17, 22-24). Despite its simplicity, the RPE and its modifications
have often been more valuable in monitoring training load than
objective parameters such as training days, training volume, or
repetitions of individual training events. The RPE has been validated
for many sports and activities, and it does not require any technology
for implementation.
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Assessments of RPE in children performing treadmill exercise,
provided by trained external observers, corresponded with objective
measures of exercise intensity and with the self-rating provided by the
children (25, 26). A perceived exertion scale (0 to 4) has been
described for dogs exercising on a treadmill; observer scores correlated
well with objective physiologic measures (27). An RPE of 1 to 10 as
assessed by trainers and riders correlated with physiologic variables of
exercise intensity during race horse training sessions (28). Given that
self-reported measures of training exposure are considered generally
accurate for human athletes (29, 30), and that external observers
provide valid ratings of exertion for children, dogs, and horses, it is
reasonable to expect that handler-reported RPE would be valid as an
aid in assessing training and activity load for agility dogs. The goals of
this project were to develop a concise, easy-to-use RPE tool to aid in
quantifying daily exercise and training load in dogs and to test its
performance in a small group of agility handlers.

Materials and methods
Participants

Participants, referred to as “handlers” in this report, were recruited
through advertisement on social media sites that targeted active agility
competitors in the United States. Handlers were required to be 18 years
of age or older, reside in the United States, and be currently competing
(within the past 3months) in agility with one dog or more. Handler
participants were asked to complete 5 activities; (1) respond to an
online enrollment questionnaire; (2) review background information
introducing the concept of RPE and a draft RPE instrument for agility
dogs; (3) participate in an online virtual focus group session in a semi-
structured interview format; (4) use a revised draft RPE tool for
1 week; and (5) complete an online questionnaire to provide feedback
about their RPE logging experience. The Institutional Review Board
of Washington State University determined this project satisfied the
criteria for exempt research. Anonymized survey responses and
datasets generated and/or analyzed for this report are available upon
reasonable request to the authors.

Enrollment questionnaire

An internet-based questionnaire for handlers was designed on a
commercial internet survey site (Qualtrics, Provo, UT)." The
enrollment questionnaire was adapted from previous surveys of agility
handlers and consisted of 3 sections; (1) determination of eligibility
for participation; (2) demographic and agility-related information
about the specific dog nominated for participation; and (3)
demographic information about the handler. Full text of the
enrollment questionnaire is available as Supplementary Item 1.

Section 2 of the enrollment questionnaire sought to determine
dog-related information including signalment (age, sex, breed), body
characteristics (weight, body condition, height in inches measured at
the withers), and prior involvement and experiences in agility.

1 www.qualtrics.com
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Agility-related questions included most frequent competition venue,
highest level of agility, approximate average speed in yards per second
(yps), experience at a national championship event, most common
jump height, access to training facilities, and anticipated approximate
number of days of competition in the next year.

Handler-related information collected in section 3 included
number of dogs currently competing or training to compete in agility,
number of dogs with which the handler has competed in agility over
their lifetime, number of years the handler has been active in agility,
types of participation in agility, medical education or training, age,
and gender.

Draft RPE logging tool

An initial draft of a daily RPE tool was prepared by consensus
collaboration of the authors (Figure 1). The draft RPE was designed
with the goal of optimizing quality of data collected from the
participating handlers while maintaining ease of use and minimizing
daily time requirements. This logging tool was developed using the
same commercial internet survey site used for the enrollment
questionnaire. The draft logging tool began with a section containing
3 questions intended to establish and confirm participant identification
(handler name, dog name, and personal identification number [PIN]).

The main portion of the daily RPE tool contained 7 questions
related to the activities of the dog on that date. Respondents were
asked whether they had participated in any agility training and/or
competition activities. Training or competition time was defined as
the time spent training or performing in any activities related to
agility, with or without using specific agility equipment or obstacles.
If the respondent indicated they had participated in agility activities,
they were asked to estimate the time in minutes for all agility-related
activities on that date. The next question asked the handler to provide
an overall RPE for all agility activities on that date in which a rating of
1 indicated no exertion at all and a rating of 10 indicated the maximal
possible exertion. This was followed by a request for a separate RPE
that represented the maximum RPE that occurred at any single point
in time on that date. The respondent was next asked whether their dog
had participated in non-agility related physical activities on that date.
A list of various types of physical activities, adapted from a previous
agility-related survey, was provided followed by a free text response
box in which other activities or explanations could be provided. The
final question asked the handler to provide an estimate of the total
RPE for the dog for all activities (agility and non-agility) for that date
with a rating of 1 indicating no exertion at all and a rating of 10
indicating the maximal possible exertion for the day.

Focus groups (semi-structured interviews)
Five structured interviews were conducted using internet-based
video conferencing software (Zoom Video Communications, Inc)?

with a maximum of 7 participants in any one session. Prior to the
meeting, participants were provided with an opportunity to review the

2 www.zoom.us
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initial draft RPE logging tool. Each meeting was conducted using a
detailed script with visual aids which were presented using shared
screen technology. Meetings began with a review of background
information, project personnel, funding, goals, eligibility criteria,
methods, anticipated time commitment, and a statement of risks and
benefits for participants. Participants were asked to respond to
questions related to the enrollment questionnaire, which was
completed by each handler prior to the focus group sessions, and the
clarity of questions within the draft daily RPE logging tool. Sessions
were not recorded; detailed notes of the discussion were chronicled by
the investigators.

Data from the focus group interviews were analyzed using the
six-phase process of reflexive thematic analysis (RTA), as described by
Braun and Clarke (31). The underlying research goal for this analysis
was to identify possible modifications to the daily RPE logging tool
that would make it more understandable and usable by an average
agility handler. Because focus group discussions were not recorded,
initial coding of data was based on the investigator’s contemporaneous
notes. Each note was individually assigned one or more content codes.
Related codes were grouped into themes and subthemes through an
iterative process. After review, themes and subthemes were used to
form a thematic “map” of the analysis. Themes were ultimately defined
and named. Final themes were reviewed by the research team as a
whole, which included individuals with deep knowledge of agility and
others with more superficial knowledge. On the basis of this analysis,
arevised draft RPE logging tool was prepared.

RPE logging

After the focus group sessions, handlers were asked to log their
dog’s activities using the revised draft RPE logging tool daily for at
least 7 days. An automated email reminder containing a link to the
logging tool was sent to each participating handler at 12 pm (noon)
Pacific standard time each day between 12/6/2023 and 12/14/2023.
Date and time of data entry by each handler was automatically
recorded by the survey software (date of entry). This date of entry was
compared to the date of the activity which the handler indicated at the
beginning of each record.

Follow-up questionnaire

After logging was complete, participants were asked to complete
an online questionnaire designed by the research team using the same
commercial internet survey site used for enrollment and daily logging
questionnaires. This questionnaire included 16 questions, most of
which were open-ended. A summary of questions is shown in Figure 2
and full text of this questionnaire is available as Supplementary Item 2.

Results
Enrollment questionnaire
Between 10/18/2023 and 10/26/2023, 45 individuals accessed the

online enrollment questionnaire. Twelve respondents (27%) did not
provide personal contact information and were excluded from
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Questions in Initial Draft RPE Survey

Respondent Identification
e What s your dog’s name?

e What is the unique identification number that you designated for this study?
e For what date are you providing information?
Agility Activities

e Did you and your dog engage in any agility training or competition activities today?

e What is your estimate of the approximate time in minutes that your dog spent in active
agility training or competition activities today?

e For today, what is your overall rating of perceived exertion for your dog in agility training
and/or competition activities on this day? For this question, consider the RPE for all agility
activities throughout the day.

e For today, what is the maximum rating of perceived exertion that occurred for your dog

when engaged in agility training and/or competition activities? For this question, consider
the maximum RPE achieved at any single point in the day?

Non-agility Activities

e Did your dog participate in any of the following non-agility activities today? Check all that
apply.

e Please provide a brief description of any other non-agility physical activities, not listed
above, which your dog did today ,and any other explanatory comments related to today’s
activities.

e For today, what is your overall rating of perceived exertion for your dog for all physical

activities throughout the day?

FIGURE 1

structured interview format.

Draft RPE logging tool as initially prepared by the research team. These questions were shared with focus group participants and discussed in semi-

participation. For the remaining 33 respondents, median time for
questionnaire completion was 531s (IQR=391-732s). These
respondents were contacted via email and provided with a list of
available times for focus group discussions. Of these 33 handlers, 18
were able to schedule and participate in a focus group discussion
scheduled between 10/26/2023 and 11/1/2023 ( ).

Enrollment questionnaires of the 18 handlers who participated in
a focus group discussion were further reviewed. These handlers were
from 12 states. Six individuals were from Washington State, two from
New York and one each from Arkansas, California, Florida, Idaho,
Kentucky, Oklahoma, Oregon, Pennsylvania, Tennessee, and Virginia.
Of the 17 handlers who reported their age, similar numbers of
respondents were between 18 and 40years of age (1=8, 47%) and
greater than 41 years of age (n=9, 53%). Nearly all handlers (17/18,
94%) indicated that they were female. The number of dogs owned by
each handler varied with 6 handlers (33%) owning only 1 dog, 5
handlers (28%) owning 2 dogs, 6 handlers (33%) owning 3 dogs, and
1 handler (6%) owning 4 or more dogs. Years of experience in agility
varied from <3years (4 handlers, 22%) to >15years (4 handlers, 22%).

Ten handlers (56%) had competed in at least one national agility
competition within the past 5years. Of the 18 enrolled handlers, the
preferred agility competition venue was American Kennel Club for 9
handlers (50%), Canine Performance Events for 4 handlers (22%),
North American Dog Agility Council for 2 handlers (11%),
United Kingdom Agility International for 2 handlers (11%), and
United State Dog Agility Association for 1 handler (6%). Handlers
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indicated that their most common type of agility training was either
regular in-person group classes with an instructor (12 handlers, 67%)
or training alone at their own home or premises (5 handlers, 28%).
One handler indicated that they primarily trained alone at a premises
owned by another person.

There were 12 breeds of dogs represented including 5 border
collies, 2 Australian shepherds, 2 Doberman pinschers, and 1 each of
9 other breeds. Mean body weight for enrolled dogs was 19+8kg
(41+18.4 Ibs). Mean height at the withers for enrolled dogs was
19.2+5.0 inches. Competition jump heights varied from 8 inches (4
dogs, 22.2%) to 24 inches (2 dogs, 11.1%) with the largest number of
dogs jumping 20 inches (8 dogs, 44.4%). The highest level of
competition achieved by enrolled dogs ranged from Starters/Novice/
Beginner (5 dogs, 27.8%) to Masters/Elite/Excellent (11 dogs, 61.1%).

Reflexive thematic analysis

Data from focus group interviews were separated into 61
the
contemporaneous notes. Comments unrelated to the central research

comments or questions derived from investigators’
goal of identifying necessary modifications or clarifications to the
daily RPE logging tool were excluded (n=12). The remaining 49
comments and suggestions were collated into 4 themes each of which
comprised two or more sub-themes ( ). The most compelling

theme identified was the need to modify and clarify the underlying
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Questions in Follow-Up Questionnaire

Respondent Identification
e What is the name of the dog for which you were entering data in the daily logging survey?

Follow-up Questions

e Rate the ease of use of the daily logging survey on a scale of 1 (very easy) to 10 (very
difficult).

e Approximately how long in minutes did it take you to complete the survey each day?

e When did you most commonly input the responses for your dog?

e Do you have any comments about the time of day you typically found it most convenient or
best to provide your RPE logging data?

e Were the daily email reminders helpful to you?

¢ Do you have any additional comments about the email reminders? These reminders were
sent at 12 pm (noon) Pacific time. Was this a reasonable time for the reminders to do you
have another suggestion?

¢ Do you feel that you were able to provide a reasonably accurate rating of perceived exertion
for your dog for agility-related activities on each day?

e Do you have suggestions for other non-agility activities that should be added to the list that
is currently used in the RPE logging survey?

e Do you feel that you were able to provide a reasonably accurate rating of perceived exertion
for your dog for all physical activities on each day?

e Do you feel that you modified your daily interactions with your dog in any way because of
the anticipation of providing RPE ratings on that day?

e Please provide comments or explanations about how the use of the daily RPE logging survey
may have impacted your daily interactions with your dog.

e The questions on the effect of weather on your dog’s exertion and amount of mental or
emotional exertion/stress/stimulation your dog experienced were added to the daily RPE
survey based on suggestions from Phase 1 participants. What was your reaction to those
questions? Do you feel they were helpful? Were they relatively easy for you to answer?

e Are there specific changes to the daily RPE logging survey that you feel should be made
prior to more widespread use of the daily survey in Phase 2 of this project?

e Do you have additional comments about the daily RPE logging survey you would like to
provide? Do you think this project is ready to move forward into Phase 2? Would you
recommend Phase 2 participation to your friends and acquaintances?

e Would you like the opportunity to have a Zoom meeting with representatives from the
research team to discuss your experiences further?

FIGURE 2
Questions included in the follow-up questionnaire for 18 handlers who provided daily RPE logging records of their dogs’ daily activities.

TABLE 1 Focus group dates and participants for discussions of the initial
draft of a daily rate of perceived exertion tool.

agility-related exertion experienced at any single point in time on a
given day; the second scale attempted to quantify the overall or
Handler cumulative level of agility-related exertion experienced by the dog on
participants

Focus Project
personnel

participants

that day. Other comments requested visual or verbal descriptors on

group
number

the sliding scale to assist them in conceptualizing the level of exertion

associated with each number. The second theme identified in the

1 10/30/2023 7 3

5 L1/6/2023 3 ) analysis related to modifications to the list of non-agility activities in
which the dogs might participate on any given day. The concerns

} 11/8/2023 2 ! primarily related to definitions of running, playing, hiking, and

4 11/14/2023 5 1 walking. There were also requests for clarification of the definitions of

5 11/16/2023 1 1 core strengthening and balance training and trick training. The third

theme related to the ways in which weather conditions and mental
stress might impact total exertion by the dog on any given day. These

definitions and utilization of the RPE scales. Several handlers were
confused by the distinctions between the two RPE scales related to
agility activities. One scale attempted to quantify the maximum
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three themes were strongly related to the fourth theme: the need for
detailed and readily available training resources. The suggestion of a
training video was strongly supported, with requests that such a video
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Two agility RPE scales (overall
and maximum) are confusing

Improve the clarity of
the RPE scales

Weather

Consider other
factors that might
influence overall

exertion

Add concise descriptors
preceding each slider scale for

Include pictures or more precise
definitions for numbers in RPE sliders

—— | Mental stress

or exertion

quick recognition of each

Include running off leash alone
(not just with other dogs)

Provide specific examples
of RPE ratings

Explicitly discuss effects of

Modify the list
of other canine
activities

Hiking and W?Iki”g time should | provide definitions and examples
be cumulative over the day of core strength exercises

© Theme

FIGURE 3

Thematic map including themes, sub-themes, and relationship between themes developed using reflexive thematic analysis of data from semi-
structured interviews conducted in electronic focus group discussions related to the structure, function, and clarity of the draft RPE logging tool shown

in Figure 1.

l:l Sub-theme

stress, mental exertion

Train agility handlers to
use the RPE

Compare RPE to visual
analog scores for pain

Training video should be
available for viewing at any time

Relationship between themes

include specific examples and clear definitions. There was a strong
consensus that the training video should be available online so that it
could be watched independently and supplemented by a mechanism
to ask questions as needed.

Revision of the RPE logging tool

After review and analysis of focus group discussions, the RPE
logging tool was revised. The agility-related portion of the logging tool
was revised to comprise only a single daily RPE for all agility-related
activities. An indication of how much the weather conditions might have
affected exertion for the dog on that date (none at all, a little, a moderate
amount, a lot, a great deal) was added. A question related to mental or
emotional exertion, stress, or stimulation was also added. Mental
exertion was defined as sustained and prolonged cognitive (brain or
mental) activity. Emotional exertion or stress was defined as a state of
worry or mental tension caused by a difficult situation. Handlers
provided a rating of mental or emotional stress or exertion on a scale in
which 1 indicated no mental or emotional stress or exertion at all and 10
indicated the maximal possible mental and emotional exertion. The
questions included in the revised RPE logging tool are shown in Figure 4.

RPE logging

Between 12/6/2023 and 12/14/2023, handlers logged daily
activities using the revised RPE logging tool. The number of days for
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which activity reports were logged for each dog/handler ranged from
4 to 8 days (mean =6.9 days) for a total of 125 daily logging records. Of
the 18 handlers, 14 (78%) submitted logging records for the requested
7 or 8 days. Median data entry time was 87 s (IQR=56-117s). Of the
125 logging records, one record had an incorrect date that indicated
the information provided was for a date 4 days in the future. Of the
remaining 124 logging records, 96 (77%) were entered on the day the
activities were reported to have occurred, 20 records (16%) were
entered on the day after the activities occurred, 6 records (5%) were
entered 2 days after the activities occurred, and 2 records (2%) were
entered 3 days after the activities occurred.

Handlers indicated that their dog engaged in some type of agility
training or competition activity for 53 of 125 records (42%). Time spent
in active agility training or competition activities for these dogs was
defined as time in which the dog was actively working, excluding time
that the dog may be resting between runs, while equipment is being
moved, or while other dogs were working. The average time for active
agility work for the 53 entries was 18.2 (SD=10.5) minutes. An agility
related RPE was provided for 52 of 53 (98%) logging entries. The median
agility-related RPE for these dogs was 7 (IQR=5-7, range=2-10).

Of 125 logging records, 97 (77.6%) indicated that the dog had
participated in one or more non-agility activities on the specified date
(Table 2). An overall daily RPE was provided for 112 of 125 logging
records (89.6%). The median overall RPE for all daily activities for all
logging records was 4 (IQR =3-6, range=1-8).

All logging records included a response to the question as to
whether or not the weather conditions had increased the dog’s
exertion level for the day. Of the 125 responses, 69 (55.2%) indicated
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Questions in Revised RPE Survey
Respondent Identification
e What is your dog’s name?
e For what date are you providing information?
Agility Activities

e Did you and your dog engage in any agility training or competition activities today?

e What is your estimate of the approximate time in minutes that your dog spent in active
agility training or competition activities today?

e What is your rating of perceived exertion for your dog for agility training and/or competition
activities that occurred on this date?

Non-agility Activities

e Did your dog participate in any of the following non-agility activities today? Check all that
apply.

e Please provide a brief description of any other non-agility physical activities, not listed
above, which your dog did today and any other explanatory comments related to today’s
activities.

e What is your rating of perceived exertion for your dog for all physical activities throughout
the day?

e How much did weather conditions such as temperature, humidity, and precipitation affect
your dog’s physical exertion during training, conditioning, and other physical activities
today?

e How much mental or emotional exertion or stress or stimulation did your dog experience
today?

FIGURE 4
Revised draft daily RPE logging tool with changes implemented on the basis of comments from focus group interviews. This tool was used by handlers
to provide daily RPE records for their dogs.

weather had no effect at all, 25 (20.0%) indicated it had a “little” effect,
14 (11.2%) indicated a “moderate” effect, 9 (7.2%) indicated that
weather had “a lot” of effect, and 8 (6.4%) indicated that weather had
a “great deal” of effect. Of the 125 logging records, 114 (91.2%)
included a response to the question regarding mental exertion, stress,
or stimulation on that date. The median stress rating was 4 (IQR =3-6;
range=1-8).

Follow-up questionnaire

Responses to the follow-up questionnaire were received from 13 of
18 handlers (72.2%). Handler ratings of the ease of use of the RPE
logging tool had a bimodal distribution, which clustered between 1 and
3 (very easy) and between 8 and 10 (very hard) and had no response
between the two peaks. The handlers who indicated higher ease of use
scores (very hard) did not make any negative comments about the daily
logging experience or the logging tool. The median estimated time for
completion of the daily logging was 2min (IQR=2-5min;
range =2-5min). Every respondent except 1 stated that they preferred
to do their logging at the end of each day or when they believed most
activity for the day was concluded. All respondents except one stated
that the email logging reminders were very helpful.

Frontiers in

Most handlers expressed some level of confidence in the
accuracy of their RPE ratings; some handlers stated that the ratings
became easier with time as they developed their own internal
calibration for their dog’s level of activities and stress. Two handlers
felt that the overall daily RPE was harder to estimate than the agility
related daily RPE. Only 3 handlers felt that completing the daily
RPE logging record might have prompted them to modify their
interactions with their dogs on that date. The question of how
weather might impact exertion was raised by one handler, indicating
that weather could have either a positive or negative effect and that
wasn't clear in the question. All respondents indicated that they
thought the RPE logging tool was ready for wider use by larger
numbers of handlers. Only one handler indicated that they thought
a follow-up virtual meeting would be appropriate or necessary.

Final RPE logging tool

The research team reviewed all relevant data and made minor
revisions to the logging tool. Changes were intended to further clarify
individual questions. No substantive changes in number of questions,
data requested, or type of question asked were made. The final version
of the logging RPE tool is shown in
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TABLE 2 Frequency of indicated non-agility activities in 125 daily logging records.

Activity Number % (n=125)
Running and playing alone or with other dogs 36 28.8%
Leash walk, less than 30 min 31 24.8%
No indication of other activities (no response) 28 22.4%
Leash walk, more than 30 min 26 20.8%
Core strength, balance, stretching, body awareness exercises 16 12.8%
Hiking, off leash, less than 30 min 13 10.4%
Trick training 12 9.6%
Hiking, off leash, more than 30 min 12 9.6%
Fetch activities (ball or disc) 8 6.4%
Obedience activities 6 4.8%
Nosework activities 2 1.6%
Lure coursing or Fast CAT activities 2 1.6%
Rally activities 1 0.8%
Herding or stock dog activities 1 0.8%
Swimming 0 0.0%
Flyball activities 0 0.0%
Dock jumping activities 0 0.0%
Barn hunt or earth dog activities 0 0.0%

Discussion

Monitoring athlete training load is considered critical to a science-
based approach to training, fitness, and injury prevention. This report
describes the development and initial evaluation of a tool that may
be used by agility dog handlers to log daily activities quickly and easily
and to report agility specific RPE and overall activity RPE as an aid in
the measurement of training and activity load for their dog. The final
RPE logging tool was developed in a six-step process that included: (1)
initial drafting of an RPE logging tool by the research team; (2) review
of the draft RPE logging tool with a group of US agility handlers using
a semi-structured interview format and reflexive thematic analysis of
their comments; (3) revision of the draft RPE logging tool by the
research team; (4) seven days of activity logging by the same group of
agility handlers using the revised RPE logging tool; (5) obtaining
feedback from these handlers via online questionnaire; and (6)
finalizing the RPE logging tool with consideration of all collected data.

The initial draft RPE logging tool was developed by the research
team which included experienced researchers with deep knowledge of
veterinary sports medicine and extensive personal experience in the
sport of canine agility. The RPE scale as originally described by Borg
ranged from 6 to 20 and was based on estimated human heart rate during
exercise of 60 to 200 beats per minute (21). In the ensuing years, this scale
has been adapted in a variety of ways for specific sports and user groups.
For this canine RPE logging tool, a 10-point scale was used, similar to
visual analog scales which are widely used for assessment of pain, and
similar to modified RPE scales used for assessment of exercise intensity
or training load in people and horses (15, 19). One previous description
of a perceived exertion scale used for dogs on a treadmill used a 5-point
scale ranging from 0, no effort noted, to 4, significant effort. For this
report, the investigators chose to begin with the more common 10-point
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scale with the belief that agility dog handlers would be more
knowledgeable of their dogs’ abilities and efforts than average dog owners
or observers. As a result, it was theorized that agility handlers would
be able to provide a more nuanced rating of their dog’s daily exertion.

The population demographics of the 18 handlers and dogs
contributing to the data in this report were similar to what has been
described for the overall population of agility handlers in the
United States with a few notable differences. Handlers from the State
of Washington were overrepresented in the group as compared to
another recent study (10). This overrepresentation may have occurred
because of prior acquaintance with the first author of this report.
Handlers also tended to be younger than previously reported for the
United States as a whole (10, 13), possibly because of greater familiarity
and comfort with video-conferencing technology required for focus
group interviews. Breed distributions were very similar to previous
reports with border collies being most frequently included; one
notable difference was the absence of mixed breed dogs in this report
(32, 33). Despite these handler and dog demographic differences, the
agility experiences of the dogs belonging to these handlers were very
representative of the US agility population. Handlers reported
competing with their dogs at all levels of competition from novice/
beginner to excellent/masters and at jump heights from 8 to 24 inches.
Approximately half of handlers had competed in at least one national
competition in the past and their preferred venues for competition
were diverse and similar to previous reports (10, 13, 32, 33).

Sample size calculation for qualitative interview or focus group
studies is more nuanced than such calculations for quantitative
research, but the estimates may be guided by concepts of “saturation”
or “information power” (34-36). Code saturation is defined as the point
at which no additional issues are identified in the data and meaning
saturation is defined as the point at which no further insights or
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Questions in Final RPE Survey
Respondent Identification

e What is your dog’s name exactly as you provided it in the training verification survey?

e What is the unique identification number that you designated for this study?

e For what date are you providing information?

Agility Activities

e Did your dog engage in any agility training or competition activities today?

e What is your estimate of the approximate time in minutes that your dog spent in active
agility training or competition activities today?

e What is your rating of perceived exertion for your dog for agility training and/or competition
activities that occurred on this date?

Non-agility Activities

e Did your dog participate in any of the following non-agility activities today? Check all that
apply.

e Please provide a brief description of any other non-agility physical activities, not listed
above, which your dog did today and any other explanatory comments related to today’s
activities.

e What is your rating of perceived exertion for your dog for all physical activities throughout
the day?

e How much did weather conditions such as temperature, humidity, and precipitation
increase your dog’s physical exertion during training, conditioning, and other physical
activities today as compared to a day of ideal weather?

e How much mental or emotional exertion or stress or stimulation did your dog experience
today?

FIGURE 5
Final RPE logging tool with modifications based on handler feedback in follow-up questionnaire. This RPE logging tool will be used in future studies of
aqility dog training loads.

nuances are found (34). It is estimated that >80% of themes are captured
within two to three focus group discussions and approximately 90% of
themes within three to six focus groups (37). This coincides with an
estimate of reaching code saturation within four group discussions and
meaning saturation within five groups (34). The concept of information
power proposes that smaller samples sizes are required for studies with
a narrower aim, deep knowledge of the topic by study participants, a
strong theoretical background to the study, strong quality of dialogue
(often related to the research experience and skills of the interviewer),
and an analytic strategy using in-depth analysis of narratives. All of
these criteria were considered applicable to this project. As a result,
considering the concepts of saturation and information power, it is
concluded that the participant sample size and the number of focus
groups were sufficient to collect the desired information for this project.

Analysis of data from focus group meetings was performed using
the detailed contemporaneous notes of the first author. The lack of
availability of video recordings or verbatim transcripts of the
discussions may have decreased the richness of the qualitative analysis
of the content of these meetings. Given the sample size (number of
individuals and number of group sessions), however, it is likely that the
most important codes and themes were identified. Reflexive thematic
analysis is a common tool for analysis of qualitative psychological and
sociological research data (31) but is rarely used in veterinary research.
This analytical approach highlights the researcher’s active role in

knowledge production through their engagement with the data and
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thematic conclusions (38). For the data analyzed in this report, it was
a useful strategy to achieve the very narrow goal of optimizing the daily
RPE logging tool for agility dogs. Through an iterative process of
coding data and identifying themes, important insights into the clarity
and ease of use of the RPE logging tool were identified and used to
produce a revised draft tool. More importantly, this approach clearly
identifies the need to develop online, accessible training options prior
to wider implementation of the RPE logging tool and provides explicit
suggestions and ideas for training content. These training materials
should include both written and video options to maximize accessibility
and ensure inclusive access to the information for diverse populations.

Revisions to the RPE logging tool included the addition of
questions related to the effects of weather on agility related exertion
and the effects of mental or emotional factors on overall exertion for
the day. The addition of these questions was supported by results of
reflexive thematic analysis and by evidence from human literature.
Mental fatigue is well-documented to cause lowered performance in
human athletes, with negative effects on technical and decision-
making skills (39) and an association with greater perceived exertion
(40). The overall level of life stress of the handler may also impact the
dog’s performance in that long-term stress levels may be synchronized
between dogs and handlers (41). Adverse weather conditions can
greatly affect the amount of perceived exertion of athletes (42).

The observations that the average time for daily logging entry was
<2 min and that nearly 95% of entries occurred within 1 calendar day


https://doi.org/10.3389/fvets.2024.1473977
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Sellon et al.

of the events being logged support the general conclusion that the
revised RPE logging tool was quick and easy to use by handlers in this
study. The actual data logged provided interesting insights into agility
training load. Fewer than half of the logging records indicated that
the dog engaged in any specific agility-related activities during that
logging day and more than 75% of records indicated that dogs
engaged in a broad range of other types of athletic activities.
Collectively, this strongly suggests that agility dogs promote and
maintain athletic readiness through cross-training in other disciplines
that can improve both physical and mental fitness. This is a hypothesis
that should be further explored in more robust prospective studies.

In the final follow-up questionnaire, handlers expressed an overall
high level of satisfaction with the RPE logging tool and its ease of use.
Handlers expressed some confusion regarding the wording of the
question related to weather effects on athletes. Comments in the
follow-up questionnaire indicated that this could be interpreted as
either a positive or a negative effect. The wording for this sentence was
clarified in the final RPE logging tool. Other suggestions included in
the responses to this final questionnaire largely related to requests for
more sophisticated functionality including optimization of reminders,
ability to review previous logging entries, and ability to produce
summary reports. This functionality could easily be provided in a
smartphone application with more flexible programming options than
are available in the web-based software used for this project.

Overall, this work describes the process of development and initial
testing of a daily RPE logging tool that may be used as an aid in the
assessment of activity load in agility dogs. This approach and the resultant
RPE logging tool could easily be adapted to monitor exertion levels in
other types of canine athletes. Prior to widespread use, however, the daily
RPE logging tool should be tested with a larger group of handlers and
dogs over a longer period of time, work that is already in progress. In
addition, validation of handler ratings should occur by comparison of
RPE ratings with physiologic parameters such as heart rate or inertial
measurement units (43, 44). Development of an application for use on
mobile devices would allow for customization of preferences and
utilization for a variety of canine athletes. Such customization should
include direct access links to specific training videos and examples,
automated integration with weather information, automated integration
with heart rate or activity monitors, and customizable reminder and
reward systems to improve consistency of daily logging. When fully
validated and programmed as a smart-phone application, the agility RPE
logging tool could be extremely valuable as a research tool for prospective
studies of the effects of training load on performance and injury. Because
of its ease of use and low cost, this tool will likely prove useful to
individual handlers as an aid in planning, implementation, and
monitoring of specific training and conditioning strategies.
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