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Noninvasive Assessment of Neuromuscular Disease in Dogs: Use of
the 6-minute Walk Test to Assess Submaximal Exercise Tolerance in
Dogs with Centronuclear Myopathy

S. Cerda-Gonzalez, L. Talarico, and R. Todhunter

Background: Noninvasive methods of quantitating exercise tolerance in dogs with neuromuscular disease are needed both
for clinical and research use. The 6-minute walk test (6MWT) has been validated as a reliable test of exercise tolerance in
dogs with pulmonary and cardiac disease, but not in dogs with neuromuscular disease.

Hypothesis/Objectives: Distance walked and number of steps taken during 6MWT will differ between Labrador retriever
dogs with centronuclear myopathy (CNM) and control (ie, healthy) littermates.

Animals: Eight purebred Labrador retrievers were drawn from a purpose-bred research colony (status: 3 clear, 2 carrier,
and 3 homozygous mutants for the protein tyrosine phosphatase-like A (PTPLA) gene mutation associated with CNM).

Methods: Pilot, prospective, Case—controlled study. Researchers were blinded to disease status. Each dog was leash-
trained and acclimatized to the testing area (length, 12.8 m). At the start of testing, each animal was fitted with a pedometer,
a timer was started, and dogs were allowed to walk at their own pace for 6 minutes. Distance walked and pedometer read-

ings were recorded.

Results: Degree of paresis varied among affected dogs, and was reflected by significant differences in distance walked
between CNM-affected dogs and those with clear and carrier genotypes (P = .048). Pedometer readings did not vary accord-

ing to genotype (P = .86).

Conclusions: The 6MWT appears to differentiate between the ambulatory capacity of normal and CNM-affected dogs.
Additional studies are needed to confirm this relationship in a larger number of dogs, and to evaluate the ability of the
6MWT to differentiate between dogs with variable severity of neuromuscular disease-associated exercise intolerance.
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anine centronuclear myopathies (CNM) occur pri-

marily in the Labrador retriever breed, and are
inherited either as an autosomal recessive trait with full
penetrance or as an X-linked condition.'® As with most
neuromuscular diseases in dogs, paresis is the primary
clinical manifestation of CNM. Clinical signs develop
within the first 1-7 months of life, and are characterized
by generalized weakness and exercise intolerance, gener-
alized muscle atrophy, and abnormal spinal reflexes.>’'?
The severity of signs and the rapidity of progression dif-
fers between the autosomal recessive and X-linked con-
ditions; dogs affected with the latter typically develop
signs earlier in life, progress more rapidly and develop
more severe signs than those with the autosomal reces-
sive form of the disease."*”*!112 Both groups develop
characteristic muscle pathology, including an increased
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number of centralized nuclei within myofibers, atrophy
of type II myofibers, and mitochondrial aggre-
gates. 1401314

The clinical and pathological characteristics of CNM
in dogs closely resemble those of CNM in humans and
affected dogs represent a useful large-animal model for
the human condition, with the goal of testing gene and
stem cell therapies.>*!"'*!> Forms of CNM in humans
manifest with varying degrees of exercise intolerance,
ranging in severity from generalized muscular weakness,
atrophy, and physical disability appearing in youth to
young adulthood (autosomal recessive and autosomal
dominant forms, respectively) to some combination of
severe hypotonia, ventilator dependence and perinatal
death (X-linked form).'2?° Treatment of CNM in
humans currently is limited to symptomatic care.'

For CNM in dogs to serve as a large-animal model
for its human counterparts, specific, and reproducible
measures of disease severity are needed.>!'' Given that
the most common manifestation of both conditions is
decreased exercise tolerance, researchers using the dog
model need objective methods to assess the severity of
exercise impairment. Currently, few techniques are
available to quantitate exercise tolerance in individual
dogs. Gait analysis can differentiate between normal
dogs and those with neuromuscular disease based on
the short-strided gait of affected dogs,11 but, it does not
permit quantitative comparisons of exercise tolerance
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among dogs and has not been validated as a quantita-
tive longitudinal assessment tool in dogs.

The six-minute walk test (6MWT) has been used to
quantitate exercise tolerance in dogs with systemic dis-
ease,”2* but has not been evaluated in those with neu-
romuscular disease. This test measures the linear
distance walked by individual dogs when dogs are
allowed to walk at their own pace for 6 minutes. Using
this test, statistically significant differences in walking
distance have been found between control dogs and
dogs with pulmonary fibrosis, heart failure, and obe-
sity.zl*24 In these studies, the 6MWT was reported as a
low cost, reproducible, and easy-to-implement test of
exercise tolerance.?!>* Similarly, the test has been used
to assess exercise capacity in humans with chronic dis-
ease (eg, cardiac dysfunction,® multiple sclerosis*®), and
in those recovering from critical illness,”” and is used
routinely to assess ambulatory capacity in children
affected by Duchénne’s muscular dystrophy.?® 3! In the
latter, the 6OMWT was established internationally as the
outcome measure of choice to assess ambulatory capac-
ity in clinical trials of ambulatory patients, because of
its ease of use, low cost, and ability to provide func-
tional assessment of weakness.”®*® Validation of the
6MWT for use in dogs with neuromuscular disease
could prove similarly useful in clinical and research set-
tings. For research, quantitation of neuromuscular func-
tion is essential in therapeutic trials involving canine
models of human neuromuscular disease, as a measure
of response to treatment. In the clinical setting, the
6MWT could serve as an objective measure of the
degree of clinical improvement of dogs with neuromus-
cular disease.

Pedometers also have been validated as a low cost,
accurate, measure of steps taken in humans and dogs,
and are used in both species to track the relationship
between obesity and exercise,**>® but their use has not
been evaluated in the neuromuscular disease setting.

Methods

Our study aimed to evaluate the 6MWT and pedome-
ter as non-invasive measures ambulatory capacity using
dogs with autosomal recessive CNM as a model of gen-
eralized neuromuscular disease. We hypothesize that
dogs with CNM would walk shorter distances and have
lower pedometer readings after 6MWT than their
nondiseased littermates.

Dog Characteristics and Source

Eight purpose-bred Labrador retriever dogs were used
for our pilot study. All dogs were housed in a research
facility as part of a research colony and were managed in
accordance with Cornell University’s Care and Animal
Care and Use Committee. Although dogs were genotyped
at birth, study personnel were blinded to the genotype
throughout the study. A neurologic and physical exami-
nation was performed on each dog once monthly as part
of each dog’s routine care protocol. Orthopedic examina-
tion did not identify evidence of orthopedic disease.

Dogs’ body weights ranged from 8 to 36.4 kg as they
aged throughout the evaluation period.

Six-minute Walk Test

All dogs were leash-trained, and acclimatized to peo-
ple and to the testing area before the start of testing, as
previously described.?'?* The testing area consisted of a
quiet, straight hallway, free from the passage of people
or dogs, with a premeasured length of 12.8 m. The tem-
perature, lighting, and appearance of the testing area
were maintained constant as part of the routine mainte-
nance of the research facility. To minimize the potential
impact of travel or environmental novelty on test results,
dogs were housed and tested in the same facility,
because CNM-associated paresis can worsen when
affected dogs undergo stress or excitement, or when they
are in cold environments.'* Pedometer testing was done
using an Accusplit AE120XL* pedometer mounted on a
bungee-cord collar (3/8th inch diameter cord), attached
using a zip-locking cable tie and a threaded eye screw.
This methodology has been validated for the measure-
ment of step counts in Labrador retriever dogs.®

Before ecach 6MWT, a pedometer was zeroed and
placed on each dog immediately before the start of walk-
ing. A timer then was started, and each dog was walked
back and forth in a straight line within the predetermined
test area for a period of 6 minutes. Dogs were allowed to
set their own pace, while an observer counted the number
of laps walked within the 6-minute period, in accordance
with reported testing methods.?>2* If the final lap was
only partially completed, the completed length was mea-
sured and included in the distance walked. The pedome-
ter was removed immediately after completion of the 6-
minute period and the step count was recorded. The
number of laps walked was multiplied by the length of
the walking area to determine the total distance walked.
The researchers also subjectively evaluated the quality of
the gait, including the presence or absence of paresis and
exercise intolerance. Each 6MWT was video-recorded to
facilitate gait evaluation.

Statistical Analyses

Dogs heterozygous for the PTPLA mutation associ-
ated with autosomal recessive CNM do not manifest
clinical evidence of disease.*>'* These dogs therefore
were grouped with homozygous wild type dogs and con-
sidered unaffected for purposes of this study. To deter-
mine whether test acclimatization affected findings over
time, 6OMWT data were evaluated longitudinally for each
of the phenotypically unaffected dogs (ie, CNM carrier
and clear dogs). Only a single affected dog could be fol-
lowed over time because of limitations in colony expan-
sion (see Table 1). Consequently, test results comparing
affected and unaffected dogs were treated as independent
entities, rather than longitudinal comparisons.

The relationship between pedometer readings and
genotype was evaluated at approximately 11 weeks of
age in all dogs using a Wilcoxon exact test. Distances
and time walked also were compared between affected



810 Cerda-Gonzalez, Talarico, and Todhunter

Table 1. Six-minute walk test and pedometer findings
reported by genotype. P-values assess the relationship
between test outcomes (ie, step count, distance walked,
and time walked) and genotype. Statistically significant
relationships are listed in bold text.

Pedometer Distance Time Walked
Test (# Steps) Walked (m) (minutes)
Affected 994, 82 299.0, 60.8 6,0
Carrier/clear 997.6, 53 453.8, 83.0 5.8, 0.45
P-value 4286 .0476 7143

and unaffected dogs at this age using a Wilcoxon exact
test. One-tailed comparisons were used for the above
analyses, testing the hypothesis that distance walked
and number of steps would be smaller in affected (ie,
homozygous mutant) dogs as compared to unaffected
(ie, carrier and homozygous wild type) dogs. For all
tests, values of P < .05 were considered significant.

Results

Dogs 1 through 6 and dog number 7 were repeatedly
evaluated between 9 and 50 weeks of age (Table 1).
Dog 1 was euthanized at 12 weeks of age because of
refractory status epilepticus without previous clinical
evidence of disease. Necropsy disclosed hepatic
microvascular dysplasia. Although systemic disease
could have affected this dog’s 6MWT results before the
onset of seizures, this was considered unlikely due to
the absence of evidence of systemic disease on regular
physical examinations performed at the time of each
walk test. Dog 8 was added to the colony as a mature
Labrador retriever to act as a sire for expansion of the
CNM colony as part of a separate study. A 6MWT was
performed on this dog after a period of 2 months of
acclimatization to its environment, to decrease the like-
lihood that stress related to environmental change
would affect the test results.”>>*

Physical examination findings were unremarkable in
clear and carrier dogs. Conversely, CNM-affected dogs
had absent patellar reflexes and moderate to severe gen-
eralized muscle atrophy that was most severe in the
temporal and caudal thigh muscles. The gaits of
affected and unaffected (ie, clear and carrier) dogs were
indistinguishable from their affected littermates within
the first month of life. By the second month of age,
affected dogs developed progressively more severe pare-
sis and exercise intolerance, cervical ventroflexion, and
a persistently kyphotic posture.

Six-minute Walk Test

Step counts, distance walked, and time walked did
not differ significantly by sex, and did not reflect
acclimatization over time (ie, findings did not change
over time in clear and carrier dogs). All but 1 of the
clear and carrier dogs were able to complete the
6MWT. Dog 1 refused to walk beyond 5 minutes on 1
occasion, and this appeared to be for behavioral rea-
sons rather than exercise intolerance because the dog

was able to walk to its kennel immediately after the test
without evidence of weakness or abnormalities in its
gait. Dogs with CNM, however, walked with variable
severity of paresis (Fig 1); 2 were unable to complete
the test because of the severity of their exercise intoler-
ance. Specifically, dog 2 was unable to continue the test
in 3 instances, whereas dog 8 was unable to walk longer
than 1 minute. In these cases, the dogs became progres-
sively paretic, with short strides, a crouched body pos-
ture and low head carriage, until they sat. Even when
allowed to rest, they were unable to take more than a
few short-strided steps before sitting. Further testing of
dog 8 was not pursued because of the severity of its
exercise intolerance, which prevented the dog from
walking for longer than 1-2 minutes at any time.

Genotype did not affect pedometer readings (P = .43);
Table 1, but affected dogs differed from carrier and clear
dogs in variability in the number of steps taken. As a
result of their pronounced paresis, affected dogs took a
larger number of short-strided steps but covered less dis-
tance than did their unaffected littermates. This resulted
in high pedometer readings concurrent with significantly
shorter distances walked in affected dogs as compared to
unaffected dogs (P = .048) (Fig 2).

Discussion

The 6MWT effectively differentiated between dogs
with CNM and control dogs in this study, despite limi-
tations in the number of dogs evaluated. The distance
walked by clear and carrier dogs resembled that of
children®®* and healthy adult dogs.>'>* Reported dis-
tances walked during the 6-minute test period in healthy
dogs range from 492 m** to 611 m.?! In contrast, dis-
tances walked by CNM-affected dogs were lower than
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Fig 1. Step count for each genotype group. Although a signifi-
cant difference was not found between genotype groups, centronu-
clear myopathy (CNM)-affected dogs showed more variability in
their step counts in comparison to CNM-carrier and clear dogs.
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Fig 2. Distance walked during 6-minute walk time for each geno-
type group. Distance walked was significantly shorter in centronu-
clear myopathy-affected dogs in comparison to their carrier and
clear littermates.

those reported for dogs suffering from congestive heart
failure,* pulmonary fibrosis,>>** and obesity.*!

The ability of the 6MWT to differentiate between
CNM-clear and CNM-affected dogs on the basis of their
exercise intolerance expands previous findings utilizing
the use of motion capture and instrumented carpet tech-
nology to evaluate differences in the spatiotemporal
parameters of dogs with and without neuromuscular dis-
ease, especially in dogs affected with the canine equiva-
lent of X-linked myotubular myopathy.'! In contrast to
the instrumentation needed to carry out those tests, the
6MWT does not require any equipment beyond a timer
and the ability to measure the length of the area tra-
versed. Thus, the 6MWT is an accessible and easy-to-
learn technique for both research and clinical settings.”'”
2 The 6MWT has been used successfully to evaluate
exercise tolerance in dogs of different sizes (eg, beagle,”!
West Highland White terrier,”* Labrador retriever,
hound??), has been shown to be reproducible in pet
dogs®"** and in the research setting,>> and requires less
acclimatization time than do treadmill evaluations.” In
contrast to the reported increase in 6MWT distances
over time in healthy children as they develop between 5
and 12 years of age,*® control dogs did not have signifi-
cant changes in 6MWT findings as they aged.

The 6MWT has been reported as an accurate tech-
nique that evaluates a dog’s ability to undertake daily
physical activity in a more natural way than treadmill
evaluations, and requires a shorter period of acclimati-
zation.”?Acclimatizing Labrador retriever dogs to a
treadmill has not only been shown to take a longer time
compared to other breeds but also the stress and the
excitement associated with treadmill use could impact
test results because stress and excitement worsen clinical
signs in CNM-affected dogs.

In this study, once they became minimally ambula-
tory, affected dogs were unable to conclude testing due
to the severity of their paresis. In these dogs, the test
evaluated maximal rather than submaximal exercise tol-
erance. Similarly, in children with Duchenne’s muscular
dystrophy, the 6MWT has been validated as an effective
measure of quality of life only while they retain ambu-
latory status.?®3'2 Thus, this test may not be a suitable
assessment tool for dogs requiring assistance walking,
such as those with X-linked CNM beyond the initial
disease period. Additional studies are needed to confirm
the ability of the 6MWT to differentiate between nor-
mal dogs and those with neuromuscular disease of vari-
able severity in a larger group of dogs.

To the authors’ knowledge, pedometers have not been
used in dogs as a measure of ambulatory capacity,
although their use has been described in relation to obesity
as a method to quantitate exercise in dogs.*>*° The
pedometer protocol has been validated as an accurate
measure of the number of steps taken in medium- and
large-breed dogs, including the Labrador retriever breed.*
However, in our study, pedometers did not appear to
serve as an accurate measure of ambulatory capacity in
dogs with CNM, likely as a consequence of the short-
strided gait with rapid cadence characteristic of dogs with
neuromuscular weakness, resulting in a shorter distance
covered as compared to their unaffected counterparts.'!

Conclusions

Distance measurements utilizing the 6MWT appear
to permit differentiation between CNM-affected and
unaffected dogs, but larger studies are needed to con-
firm these findings. Pedometers, in contrast, did not
appear to be an accurate measure of submaximal exer-
cise tolerance as a consequence of the shorter strided,
more rapid cadence of CNM-affected dogs, which may
lead to an overestimation of exercise tolerance. Addi-
tional studies are needed to evaluate the 6MWT as a
measure of disease progression over time.

Footnote

# Accusplit Eagle 120XL with JW200 Pedometer Engine™; Accus-
plit, Inc.; Livermore, CA, 94551.
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Supporting Information

Additional Supporting Information may be found
online in the supporting information tab for this article:

Table S1. Cohort characteristics, including dogs’ sig-
nalment, coat color, and genotype.

Table S2. Six-minute walk test findings, listed as
mean and standard deviation (SD). Distance walked is
reported in meters. Affected dogs are highlighted by
bolded text.



