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Abstract

This research project consists of 3 studies, the 1St study heart rate change during aquatic
exercise in small, medium and large healthy dogs. The second study, we observed the side effect from
swimming in dog and the third study; study effect of 8 weeks swimming on serum biomarker change in
canine hip osteoarthritis. From the results in 1St study, we recommend that each swimming time be
limited to 15-30 min, depending on the breed (size) of dog, whose trainer should observe the individual
to prevent over-exercise. Result from 2nd study found main side effect from swimming including dry skin,
dry hair, abrasion wounds at the armpit and the other side effect are red eye, otitis and respiratory
problem. In 3rd study, we found the relative level of serum CS-WF6 in the OA-SW group was
dramatically decreased beginning at week 4, and was found to be significantly different (P<0.01) at
weeks 6 and 8 compared with the pre-exercise level. The levels of serum HA of the H-SW group in
weeks 2-8 were significantly (P<0.01) higher than pre-exercise. This study demonstrates that it is

possible to evaluate the effects of exercise on articular cartilage.

Keywords; swimming; osteoarthritis; heart rate; side effect; dogs
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Heart rate change during aquatic exercise in small, medium and large healthy dogs

Korakot Nganvongpanit1’2, Siriphun Kongsawasdi3, Bussaba Caautakoon3, Terdsak Yano4

Abstract
We measure the heart rate changes in healthy dogs while swimming. The experiment was divided
into two studies. Experiment 1, 21 healthy male dogs were used to collect data based on
swimming times. Animals swam for 10 min each time, 8 times over a 2 days period. Heart rate was
measured every minute using a pulse watch. In experiment 2, 134 healthy adult dogs were
categorized into three groups: small (41), medium (51) and large breed (42). Their heart rates were
measured every 1 min for 34 min after the 5th swimming time. In the first experiment, the heart rate
during the 1St—4th swimming time was significantly higher (P<0.05) than during the 5m—8th swimming
time. The heart rates were significantly different (P<0.05) between small, medium and large dogs.
No correlations were found between weight, age, and heart rate. From the results of experiment 2
of this study, we are able to formulate a predictable equation for heart rate in each group (small,
medium and large dogs).From the results, we recommend that each swimming time be limited to
15-30 min, depending on the breed (size) of dog, whose trainer should observe the individual to

prevent over-exercise.

Key words; dog, heart rate, swimming
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Introduction

Aquatic exercise is exercise that is performed in the water, for the purposes of
strengthening muscles and increasing physical fithess. Aquatic exercise is often praised because it
has a low impact on the joints and bones, so it is frequently used for rehabilitation following an
injury. Aquatic therapy can be beneficial by minimizing weight-bearing forces and allowing the
patient to improve range of joint motion and muscle strength (Oblby et al., 2005). There are many
different ways to exercise in the water, and these can offer both aerobic and strength benefits, as
well as weight loss.

One of the simplest types of aquatic exercise is swimming. Swimming is an aerobic
exercise that also increases muscular strength throughout the entire body. In addition to swimming,
water-walking and water-jogging are also popular aquatic exercises. Walking or jogging in water
provides a gentle resistance without placing any impact on the joints. It is also possible to jog in
deep water, without the feet even touching the bottom of the pool. As these exercises become
easier, the speed or the length of time spent doing them can simply be increased in order to
increase their difficulty.

The benefits of aquatic exercise arise from two main factors: buoyancy and resistance.
Buoyancy provides support to weak muscles for reassured balance and improved posture by
simply standing in the pool. Movement will become less guarded as the fear of falling is
significantly reduced, leading to movement success. This success will translate into feelings of
enjoyment and the desire to want to participate regularly. Buoyancy reduces the impact stress on
the joints, and often allows greater mobility. The buoyant force of water results in up to a 90%
reduction in body weight in the water (Di Prampero, 1986). The resistance is provided by the water
that surrounds the exercise participant. This multi-directional resistance helps the individual to
maintain or enhance muscular strength and endurance even with gentle movements. Water
resistance also enhances body awareness, which can assist in maintaining proper posture and a

sense of movement within a given space during a particular activity.
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The circulatory system plays a central role in aerobic exercise by linking the sites of gas
exchange in the body. It is necessary to understand the influence of aquatic exercise on cardiac
hemodynamics in order to perform safe and effective aquatic physiotherapy.

Heart rate change during aquatic exercise has not previously been measured in dogs. To
clarify the change of heart rate during swimming, we therefore sought to measure the heart rate

response in healthy dogs during swimming.

Materials and Methods
This study was divided into two experiments. The first experiment studied the relationship
between swimming time and heart rate change. The second experiment studied the heart rate
change in different dog breeds (sizes). The experimental protocol was approved by the Faculty of

Veterinary Medicine and the Ethics Committee, Chiang Mai University, Thailand.

Experiment 1
Animals

Twenty-one healthy male dogs were used as the subjects of this experiment, with an
average age of 32.57 + 8.23 months and an average weight of 16.64 + 1.92 kg. Prior to admission
to the study, health status was examined by a veterinarian; this included recording the animal’s
medical history, a physical examination and a blood profile evaluation. Animals with cardiovascular,
metabolic or infectious diseases were excluded from the study to avoid the risk of adverse events.
Moreover, all animals had never gone swimming before participating in this experiment.
Measurements

An outdoor pool was used for aquatic exercise, with a water temperature between 30—
35°C. All animals were allowed to swim a total of 8 times in order to collect the data. Swimming
times were measured over a 2 d period, 4 times each day. Each animal’s heart rate was measured
using a pulse watch (CHF-100-1VDR, Casio) every 1 min for 10 min.

Statistical analysis
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The heart rates of all animals at each swimming time were used to calculate mean and
standard deviation (SD). All data were analyzed using the Statistical Analysis System (SAS)
version 8.0 (SAS Institute, Inc.; Cary NC, USA) software package. Differences in mean values
between two or more experimental groups or developmental stages were tested using ANOVA
followed by multiple pairwise comparisons using a t-test. Differences of p < 0.05 were considered
to be significant. Moreover, a Pearson’s correlation (r) test between heart rate and swimming time

in dogs was also calculated.

Experiment 2
Animals

One hundred thirty-four healthy adult dogs (aged between 12—72 months) were categorized
by weight into three groups: small-breed (41 dogs), medium-breed (51 dogs) and large-breed (42
dogs), as shown in Table 1. Prior to admission to the study, health status was examined as
described above.
Measurements

An outdoor pool was used for this experiment, with a water temperature between 30-35 °C.
To prevent heart rate error from excitation, all animals were allowed to swim prior to collecting the
data. The data was collected at the 5th time swimming (result from experiment 1). The heart rate
was measured using a pulse watch (CHF-100-1VDR, Casio) every 1 min. for 30 min. Moreover, all
animals’ heart rates were measured three times, to serve as a normal heart rate for these
experimental groups.
Statistical analysis

The heart rates of samples at every minute, from the Oth—34th min, were expressed as
means. SPSS version 17 was used to analyze the model of mean heart rate of samples in
conjunction with swimming times, using the CURVEFIT command. The significance level was set at

p < 0.05.
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Results
Animal health
All dogs entered into the experiment were subjected to a complete health examination,
including a blood evaluation and overall physical examination. Blood results from all animals were
normal (data not shown). Physical examination — including body temperature, auscultation of lung

and heart, mucus membrane evaluation, and capillary refill time — found no signs of abnormality.

Experiment 1

The average heart rate at each minute was calculated for 21 dogs (Figure 1). From
observations during the experiment we found that most dogs had shown excitement and nervous
activity during their first 3—5 swimming times. Heart rates during 10 min of swimming at the 1St to
4th swimming time were significantly higher (P<0.05) than at the 5th to 8th swimming time. After the
5th time of swimming the heart rates showed a smooth increase (Figure 1). However, no significant
differences (P>0.05) were observed between the 1St—4th and the 5th—8th swimming times. Moreover,
the correlation between time during swimming (0—10 min) and heart rate at each time of swimming
(1St -8th time) were calculated, and are following 0.823, 0.688, 0.751, 0.729, 0.937, 0.935, 0.959

and 0.936, respectively.

Experiment 2

Common values were measured and compared between the three groups (small-, medium-
and large-size dogs). Weight and heart rate were significantly different (P<0.05) between groups,
while age showed no significant difference (P>0.05), as shown in Table 1. Comparison of the heart
rate between males and females in each group found a significant difference (P<0.05) for all sizes,
and showed higher values in female dogs (Table 2). No correlation was found between age and
heart rate, or weight and heart rate in all dog sizes, and overall as well (Table 2). To study the
effect of age on heart rate, all dogs were categorized into four groups: less than 24 months of age,

25-36, 3748, and over 48 months. The heart rates between groups were not significantly different
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(P<0.05). Moreover the correlation between age and heart rate in each group was calculated; a

correlation was found only in the group over 48 months of age (Table 3).

——1st
=i 2nd
== 3rd
4th
== 5th
=0 6th
—=Tth
110 ——8th

Heartrate (beat/min)

Omin lmin 2min 3mmn 4min Smn 6muin 7nun Smin 9min 10min

Swimming times

Figure 1: Mean heart rate change during 10 min swimming at each time (1St—8th time swimming).

Table 1: Dog profiles used in this study.

Total Sex Age Weight Heart rate
Size Female Male (months) (kg) (time/min)
Small 41 18 23 30 + 11 481+181° 162+ 15"
Medium 51 27 24 32 + 11 15.82 + 2.23" 123 £ 15"
Large 42 22 20 34 + 10 30.79 £ 4.96° 95 + 16

Different superscripts (a,b,c) in same column are significantly different (P<0.05)
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Table 2: Comparative heart rate between genders and Correlation between age, weight and heart

rate in each group.

Comparative heart rate between genders Correlation heart rate and

Male Female P-value Age Weight

Small-size 158 + 20 166 + 14 0.0095 0.2192 0.1694
Medium-size 118 £ 14 127 £ 15 0.0002 -0.2291 -0.0525
Large-size 92 + 13 100 + 21 0.0039 -0.0203 0.0213
All sizes 124 + 32 129 + 31 0.0687 -0.1015 -0.7631

Table 3: Comparative heart rate between dog ages.

Age (months)

<24 25-36 37-48 > 48
Heart rate 125 + 32 131 + 30 123 + 36 114 + 33
Correlation coefficient -0.1357 -0.2332 0.1547 0.5480

Scatter plots of mean heart rates of different sizes of dogs at every minute, from the 0th -
34th minute, are shown in Figures 2. The CURVEFIT command (SPSS software, version 17) was
used to determine the relationship between time and heart rate, after swimming. The model shown
was the result of analysis of various models. Linear, quadratic and cubic models were selected as
proposed models; the cubic model was found to best fit the data. The R-square in each group of
samples was close to 1, as shown in Table 4. The model built using the cubic model, and the
results, are shown in Table 5. The model of the relationship between heart rate and time in small-,
medium- and large-breed dogs are following; small breed; y = 163.426+1.085x-0.034x2+0.001x3,
medium breed; y = 124.640+1.518x—0.095x2+0.002x3 and large breed; y = 97.028+1.136x-

0.068x2+0.002x3, while x=time and y=heart rate.



Table 4: Results of R, R-square, adjusted R-square, and standard error of the estimate for each

size breed group.

Breed size R R-square Adjusted R-square Std. error of the estimate
Small 0.974 0.949 0.944 1.576
Medium 0.982 0.965 0.962 1.511
Large 0.988 0.977 0.975 1.178

Table 5: Coefficients, constant and significance level for each size breed group.

Unstandardized Standardized
Breed size coefficients coefficients t Sig.
B Std. error Beta
Small Time 1.085 0.248 1.677 4.372 <0.001
Time” -0.034 0.017 -1.823 1961 0.059
Time ° 0.001 0.000 1.156 1.968 0.058
Constant 163.426 0.961 170.109  <0.001
Medium Time 1.518 0.238 2.011 6.376 <0.001
Time2 -0.095 0.016 -4.423 -5.784 <0.001
Time ° 0.002 0.000 3.481 7.209  <0.001
Constant 124.640 0.921 135.269 <0.001
Large Time 1.136 0.186 1.577 6.122 <0.001
Time’ -0.068 0.013 -3.296 -5.277  <0.001
Time ° 0.002 0.000 2.780 7.051 <0.001

Constant 97.028 0.718 135.117  <0.001
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Figure 2: Scatter plot of mean heart rate of small-, medium and large size breed group.

Discussion
This is the first report to show heart rate changes during aquatic exercise in dogs.
Nowadays, rehabilitation in small animal medicine has become a much-discussed issue. However,
the basic data in this field is still limited by the relatively low number of existing reports, which has
made this information difficult to apply in clinical practice. Compared with human studies, which can

measure all important data (Hall et al.,, 2004; Silvers et al.,, 2007), animal studies have been
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restricted due to the experimental materials used. The instruments for measuring respiration rate,
blood pressure and oxygen consumption cannot be put underwater. So, thus far, we have been
able to collect heart rate data only.

The results of this study show that canine body weight and age are not related to heart
rate. This result is similar to the findings of previous studies which showed no correlation between
heart rate and weight in normal healthy dogs (Ferasin et al., 2010; Lamb et al., 2010). However
when we compared heart rates between dog sizes we found a significant difference (P<0.05):
small-size dogs had the highest heart rate, while large-size dogs had the lowest. A study of the
effects of activity and heart rate change (Marosb et al., 2008) found that the heart rate increased
during periods of increased activity (walking) and was lowest during lying, while it did not differ
between sitting and standing. At the same time, no changes in heart rate variability were found in
the case of different body positions and walking. In contrast, heart rate variability significantly
increased when dogs were oriented toward their favorite toy. We found a distinct individual
characteristic heart rate change in this situation, compared to a similar body position without the
toy being shown. Interestingly, during separation from the owner, the heart rate did not increase;
but when a strange person was petting the dog, a significant increase was observed in the heart
rate. However, the heart rate variability increased only when the petting was discontinued.

Some important parameters can affect heart rate. This study found heart rate to be affected
by gender, with males showing a lower heart rate than female dogs. This result is similar to human
studies which have found heart rates in males to be lower than in females (Opthof, 2000; Villareal
et al., 2001). Human studies have determined that this difference is due to sexual hormones
(Villareal et al., 2001).

Another important factor regarding heart rate is the animal's age. In our study, no
significant difference was found between the heart rates of animals of 2, 3, 4, 5 and 6 years of
age; moreover there was no correlation between age and heart rate. However, this factor does
have an effect on heart rate in humans, especially young people (Opthof, 2000). Our study did not
observe heart rates in dogs younger than 1 year or older than 7 years. Compared to previous

studies (Ferasin et al., 2010), it was found that the age factor had an effect on heart rate only in
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younger dogs (less than 1 year old). This difference may result from changes in densities of
specific membranes, different activities of gap junctions, and tissue fibrosis (Opthof, 2000).

Water temperature is another factor affecting heart rate. Previous studies have shown
higher heart rates during swimming in water with a temperature of 33 °C versus 27 °C or lower
(Holmér et al.,, 1974; McArdle et al., 1976 ). Our study was done in water with a temperature
between 30-35 °C to avoid this affect from water temperature. Higher water temperatures result in
increased heart rate due to an increase in peripheral circulation from warmer water.

In the first period of swimming, dogs were excited, and fear of water activated their
sympathetic nerves, resulting in increasing heart rates, as shown in experiment 1. After 5 times
swimming, almost all animals could adapt to swimming, which reduced their excitement and
nervousness. Because of this, their sympathetic nerve activity was down-regulated, resulting in
smooth heart rate change. The results from experiment 1 were used in experiment 2, which
focused on the heart rate change during swimming from aquatic exercise, not from nervousness. In
experiment 2, all dogs were swiped 4 times before collecting data, which was done after the 5th
swimming time. However, in experiment 2 we also found that heart rates increased 1.0-1.5-fold
during the 1St—2nd minute of swimming, compared to the normal heart rhythms before the animals
got into the water. Based on the combined results of experiments 1 and 2, we believe that the
increase in heart rates during the first few minutes in the water is due to excitement and
nervousness of the animals in making the transition from land to water. After a few minutes, the
heart rate changed smoothly and only slightly increased.

Not only heart rate can be used as a tool for designing a swimming program; peak oxygen
uptake (VO,) is also important for use by training programmers to estimate the intensity of exercise
performed. While heart rate during exercise in humans has been studied on a population basis,
allowing calculations adjusted for age and gender, such information is not available in dogs. The
techniques and instruments used to measure VO, on land or during aquatic exercise in dogs are
restricted for other animals as well. However, at the present time the authors of the present study

are developing and testing additional techniques for measuring VO, in dogs.
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In humans, therapeutic exercise for cardiovascular and metabolic endurance should
continue for at least 20 min, 3-5 times per week, at submaximal exercise level. The target heart
rate should be maintained at 70% of the maximum heart rate (HRmax) (Micheal, 2002; Wallace,
2006). However among various breeds of dogs, different HRmax have been reported: for example
a typical mongrel dog has an HRmax of approximately 300 beats per min, while that of a racing
greyhound is 318 beats per min (Wagner et al., 1977). Moreover, in human studies communication
can occur between trainer and patient, allowing patients to reveal when they feel they have
reached their exercise limit, or are experiencing chest pain, high-frequency or difficulty in breathing,
hypertension, fatigue or headache (Maddox et al., 2008). In dogs, the trainer can only observe the
dog’s behavior: for example, if the dog stops swimming, is panting heavily or experiencing difficulty
in breathing, or showing signs of cyanosis. However, in this study dogs were not allowed to swim
until those signs became apparent because it seemed to be dangerous for the animals. Our study
found that 26 of the 134 dogs (19.4 %) could not swim for 34 min. The first dog stopped swimming
at 12 min, followed by 13, 14, 15, 16, 17, 18, 19, 20, 21 and 23 min by 2, 2, 3, 3, 2, 3, 2, 2, 3 and
2 animals, respectively. Based on our results, the dogs could swim for up to 34 min, and the
swimming time should continue for at least 15 min.

In this experiment, a predictable heart rate equation was formulated using data from each
group. This equation was based on heart rate changes during 34 min of swimming. We formulated
three models for three different sized dogs, because we found the heart rate between groups to be
significantly different. So this equation could be used as a tool for predicting heart rate changes in
dogs during swimming. However, future studies focusing on many additional aspects should be
conducted: for example, oxygen consumption and blood pressure during swimming, and the effect
of water temperature or water speed on changes of heart and respiration rates.

In conclusion, we believe that this study has important clinical applications. Clinicians could
use this data for making decisions regarding an effective training program. Based on the results we
recommend that each time for swimming should be 15-30 min, depending on the individual dog.

This would require trainers to observe each dog to prevent over-exercise.
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NwITEA 2
Prospective Study: Side Effects in 412 Dogs from Swimming in a Chlorinated

Swimming Pool

Korakot Nganvongpanit

Abstract

This study reports on the side effects in dogs from swimming in a chlorinated swimming
pool. The data was collected from September 2008 until April 2012. A total of 412 dogs (male =
219 and female = 193), aged 38 + 30 months, served as the subjects. The dogs were divided into
four groups based on the aim of swimming: entertainment (n = 152), weight reduction (n = 53),
rehabilitation after orthopedic surgery (n = 81), and rehabilitation for muscle and joint disease (n =
126). The data was recorded for five separate swimming times. At first, some dogs (29.13%)
showed overexcitement and/or fear, but this percentage decreased with increased swimming
frequency. Some dogs (36.51%) were not able to swim, and required a trainer. The main side
effects from the 1" swimming time included dry hair (20.63%), dry skin (18.93%), and abrasion
wounds at the armpit (15.78%); these effects increased with increased frequency of swimming. The
other side effects were red eye (13.59%), otitis (6.31%), and a small number of respiratory
problems (0.49%). In conclusion, data from this study can be used by veterinarians to inform pet

owners about the potential side effects from swimming.

Keywords: chlorine; dog; side effects; swimming
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Introduction

Swimming has become an increasingly popular activity for small animals. The objectives of
swimming can be grouped into two general categories: for entertainment, and for physical
rehabilitation.

The advantages of swimming are similar for both small animals and humans. This activity
involves almost all major muscle groups, and places a vigorous demand on the heart and lungs. It
is superior to any training machine, which usually exercises only one group of muscles.

As in the case of human rehabilitation, application of aquatic exercise can result in reduced
weight, recovery of muscle mass and function, improved range of motion, and prevention of joint
stiffness. The buoyancy, hydrostatic pressure, viscosity, resistance, and surface tension of water
increase the efficacy of the exercise (Edlich et al., 1987). These properties of water have a positive
effect, resulting in increased muscle mass, strength and endurance, as well as decreased pain
during movement (Wang et al., 2007; Silva et al., 2008). Water buoyancy significantly decreases
contact force and stress on weight-bearing joints, bones and muscles, which in turn reduces pain
(Bartels et al., 2007). Water properties can not only improve muscle strength, but also prevent
hyperthermia during exercise (Nganvongpanit and Kongsawasdi, 2008).

Although several studies in dogs have demonstrated the advantages of swimming
(Weisgerber et al., 2003; Tanaka, 2009; Meredith-Jones et al., 2011), the side effects in dogs from
swimming in swimming pools have not yet been reported. The results of this study will assist
veterinarians in designing swimming programs for dogs and providing information to pet owners

about the potential side effects of swimming.

Materials and Methods
Animals
Data was collected over a four-year period, from September 2008 until April 2012. The
study involved a total of 412 dogs (male = 219 and female = 193) aged 38 + 30 months; 233 dogs
swam with a swimming suit, while the other 189 dogs swam without a swimming suit. Data

concerning dogs that participated in the study is shown in Table 1.
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Swimming pool
The swimming pool (2.5 x 6.0 x 1.5 m, W x L x H) in this study was a chlorine system
using calcium hypochlorite, a long-lasting chlorine (J.D. Pools, Thailand). During the day, water

temperature ranged between 30-35°C, pH between 7.2-8.4, and chlorine level 0.5-2.0 ppm.

Data collection

Data was recorded by veterinarians, and included whether the dog was able to swim the
first time (with or without a swimming suit), as well as physical signs: the presence of an abrasion
wound at the armpit (with or without a swimming suit), dry hair, dry skin, red eye, oftitis, or
respiratory disorder. The data included 1, 2, 3, 4 and 5 time continued swimming, with intervals of

no longer than 5 days. The number of animals in each category was calculated as a percentage.

Results

This study has verity of swimming; some animals were able to swim by themselves, but
some animals needed a trainer in the water or on land (Figure 1). The 412 dogs in this study could
be divided into four groups, based on the aim of swimming: for entertainment (n = 152), weight
reduction (n = 53), rehabilitation after orthopedic surgery (n = 81), and rehabilitation for muscle and
joint disease (n = 126).

From observation of the animals’ behavior during swimming, it was found that at the 1St
swimming time some dogs (29.13%) showed overexcitement and/or fear during swimming; however
when the dog swam for the 2nd, Srd, 4th and 5th times, this percentage steadily decreased: 26.77,
22.13, 12.82 and 6.80%, respectively (Table 2). Without a swimming suit, 36.51% of the dogs
could not swim by themselves at first; this number also steadily decreased: 26.97, 19.28, 13.46
and 12.41% for the 2™, 3°, 4" and 5" times, respectively (Table 2).

An abrasion wound at the armpit of the forelimb (Figure 2) was found in 15.78, 17.32,
16.12, 18.52 and 18.34% of dogs at the 1St, 2nd, Srd, 4th and 5th swimming times, respectively (Table

3). But when categorized as to whether or not the dog wore a swimming suit (Table 4), dogs with a
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swimming suit had a much higher percentage of abrasion wounds (23.77, 27.59, 24.00, 27.18 and
26.94%) than those without a swimming suit (6.35, 5.62, 6.63, 7.69 and 6.90%).

Dry hair and dry skin were the most common side effects found among the animals in this
study: in 20.63% and 18.93%, respectively, after the 1" swimming time. This number increased
with increased frequency of swimming (Table 3). Red eye was found in 13.59, 11.29, 9.84, 7.98
and 6.51% of dogs at the 1St, 2nd, 3rd, 4th and 5th swimming times, respectively; while otitis was
found in 6.31, 5.25, 4.1, 4.56 and 3.85%. Finally, only 0.49, 0.26 and 0.28%, at the 1St, 2nd and 4th
swimming times, respectively, had respiratory problems, with serous nasal discharge and sneezing;

however, no dogs showed signs of pneumonia.

Figure 1 Swimming in different conditions or patterns.

Discussion
This study is the first report on the side effects in dogs from swimming in a chlorinated
swimming pool. The results included dogs that swam from the 1St through the 5th time; the interval

between each session was no longer than 5 days. The number of animals participating in the study



34

gradually decreased from the 1St to the 5th swimming time (n = 412, 381, 366, 351, 338). This study
ended after the 5th swimming time for several reasons, primarily because the number of animals
very low when longer than this, because the interval of swimming time between each time longer

than 5 days.

Figure 2 Abrasion wound at armpit.

Most owners of dogs participating in the study believed that their dog would be able to
swim without training, using natural behavior. However, the results showed that many dogs needed
to be trained to swim. At the 1St swimming time, 36.51% of the dogs could not swim by themselves;
however the other 63.49% were able to swim without a trainer. The number of dogs that could not
swim alone decreased during the course of the study; by the 5th swimming time only 12.41% of
dogs were unable to swim unassisted.

Not all dogs were happy to swim; 29.13% were observed to be overly excited at the 1St
swimming time. However, this number steadily decreased, to only 6.80% at the 5th swimming time.
This indicates that animals need to become accustomed to swimming, and gain experience. The
results of this study show that at least 4-5 times swimming can decrease animal excitement in a

swimming pool.



Table 1 Data for all animals used in the study.

Breed Number Male Female Age (months) Weight (kg)
Shih Tzu 34 14 20 45 + 34 7.74 £ 2.86
Poodle 28 8 20 44 + 32 2,95+ 0.94
Chihuahua 34 21 13 53 + 25 245 + 0.86
Pomeranian 31 19 12 42 + 31 4.03 £0.92
Yorkshire Terrier 11 5 6 57 + 38 2.18 £ 0.63
Jack Russell Terrier 19 11 8 50 + 30 8.84 £ 1.70
Pug 35 14 21 45 £ 22 9.77 £ 1.67
Beagle 4 1 3 38 + 22 8.78 + 1.47
Golden Retriever 53 32 21 42 £ 27 4112 £ 7.52
Labrador Retriever 39 17 22 36 + 29 32.33 £ 43.00
Siberian Husky 22 15 7 46 £ 27 26.26 + 6.53
St. Bernard 2 1 1 9+4 49.00 £+ 4.24
German Shepherd 18 6 12 42 + 32 34.14 £ 5.93
Bull Terrier 1 1 - 7 16
Samoyed 1 - 1 5 21
American Pit Bull 25 20 5 51 %29 39.00 + 8.60
Terrier

French Bulldog 4 3 1 10 £ 1 9.30 £ 0.71
Thai Bangkaew 5 4 1 27+ 8 19.00 + 1.59
Miniature Pinscher 19 10 9 50 £ 25 2.86 £ 0.86
Cocker Spaniel 4 3 1 32+9 22.38 £ 2.14
Crossbreed 33 18 15 44 + 37 21.39 £ 6.65
Total 412 219 193 36 + 30 -

35



Table 2 Swimming behavior.

36

Behavior Swimming time
st 2nd 3rd 4th 5th
Overly excited while 120/412 102/381 81/366 45/351 23/338

swimming
Not able to swim by

themselves

(29.13%)  (26.77%)  (22.13%)  (12.82%)  (6.80%)
69/189 48/178 32/166 21/156 18/145

(36.51%)  (26.97%)  (19.28%)  (13.46%)  (12.41%)

Table 3 Side effects at different swimming times.

Side effect

Swimming time

st

(n = 412)

nd rd th th

2 3 4 5

(n = 381) (n = 366) (n = 351) (n = 338)

Abrasion wound 65 (15.78%)

Dry hair 85 (20.63%)
Dry skin 78 (18.93%)
Red eye 56 (13.59%)
Otitis 26 (6.31%)
Respiratory 2 (0.49%)

problem

66 (17.32%) 59 (16.12%) 65 (18.52%) 62 (18.34%)
98 (25.72%) 123 (33.61%) 206 (58.69%) 265 (78.40%)
67 (17.59%) 98 (29.78%) 169 (48.15%) 192 (56.80%)
43 (11.29%) 36 (9.84%) 28 (7.98%) 22 (6.51%)
20 (5.25%) 15 (4.1%) 16 (4.56%) 13 (3.85%)

1 (0.26%) 0 (0%) 1 (0.28%) 0 (0%)

Table 4 Number of animals with abrasion wound at armpit.

Swimming time

st nd rd th th

2 3 4 5

With swimming suit

Without swimming suit

53/233 56/203 48/200 53/195 52/193
(23.77%)  (27.59%)  (24.00%)  (27.18%)  (26.94%)
12/189 10/178 11/166 12/156 10/145

(6.35%) (5.62%) (6.63%) (7.69%)  (6.90%)
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A high number of abrasion wounds were found, in dogs both with and without a swimming
suit. There was no significant difference in the percentage of dogs with abrasion wounds from the
1St to the 5th swimming time; but the occurrence was much higher in dogs wearing a swimming suit
(Table 4). In dogs with a swimming suit, the border of the swimming suit scraped or rubbed the
armpit; but in dogs without a swimming suit, it was found that the skin surfaces on either side of
the armpit rubbed against each other. This problem was observed more often among dogs which
continue swimming (i.e. for rehabilitation), both with and without swimming suit, because this group
of animals swam continuously for at least 20 min at a time, and this was repeated at least 3 times
per day. To decrease the number of abrasion wounds at the armpit, we recommend: 1) dogs
should not wear a swimming suit, especially one that is too small a size for the dog; 2) do not allow
the animal to continue swimming for too long a period (more than 30 min without rest); and 3) train
the dog so it feels comfortable and not excited during swimming; if the dog is overly excited, too
much use and/or too strong movements of the leg can cause an abrasion wound at the armpit.

The most common side effect found in this study was dry hair (20.63% at the 1St swimming
time), while the second most common was dry skin (18.93% at the 13t swimming time). Both side
effects dramatically increased: to 78.40% and 58.60%, respectively, at the 5th swimming time. This
is a direct effect of chlorine, which is used to control the water quality in a swimming pool. A
previous study showed that chlorine can destroy the lipid layer coating the hair and skin, resulting
in decreased moisture on the hair and skin surface, and leading ultimately to the death of epithelial
cells (Florentin et al., 2011).

Red eye was found in 13.59% of dogs at the 1St swimming time; this decreased to 6.51% at
the 5th swimming time. Red eye is caused by water irritation; and all animals showing symptoms of
red eye were among those categorized as “overly excited”. However, recovery from this ailment
can occur naturally in 1-2 days without any treatment. In addition to red eye, otitis was more
prevalent in the overly excited group as well. The eyes and ears of an excited animal are more
exposed to the chlorinated water, which can result in irritation. A previous study found that
chlorinated water is more irritating to the eyes and ears than non-chlorinated water (Rylander et al.,

1973).
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A study by Voisin et al. (2010) showed that infant swimming is associated with a dose-
dependent increase in the risk of bronchiolitis. Exposure to chlorinated pools during infancy also
interacts with bronchiolitis to increase the risks of asthma and respiratory allergies later during
childhood, which suggests that infant swimming practices may have a more long-standing impact
on the respiratory health of children. Another study concluded that chlorinated pool exposure exerts
an adjuvant effect on atopy that seems to contribute significantly to the burden of asthma and
respiratory allergies among adolescents (Bernard et al., 2009). However, in our study only 0.49%
of animals showed signs of respiratory problems at the 1" swimming time, and 0.26% and 0.28%
at the 2nd and 4th swimming times, respectively. Moreover, we did not observe dogs coughing water
during swimming, even though the dog may have shown a high level of excitement. This could be
the reason for the low number of animals with respiratory problems after swimming.

Another effect of chlorinated swimming pools on human health is tooth erosion. Previous
studies found 31.4% tooth erosion from loss of enamel and dentine as a result of tooth contact with
water with pH lower than 5.5 (Gabai et al., 1988; Geurtsen, 2000; Dawes and Boroditsky, 2008).
This side effect was most frequently found in swimmers who are in contact with chlorinated water
for long periods. However, in our study we did not observe this side effect. To determine whether
this effect will be found in dogs, a long-term study should be performed. In the meantime, based on
human studies, the pH of swimming pool water should not be lower than 5.5, and a pH level of
7.2-8.4 is recommended to prevent tooth erosion.

In conclusion, the main side effects in dogs from swimming in a chlorinated swimming pool
are dry skin and hair, which are caused by chlorine in the water. The other major side effect is
abrasion wounds at the armpit, which are found more frequently in dogs wearing a swimming suit,
or in dogs that continued to swim for a long period of time. The findings of this study can be used
by veterinarians to inform pet owners about the potential adverse side effects which could occur

from swimming.
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Effect of 8 weeks swimming on serum biomarker change in canine hip osteoarthritis

Korakot Nganvongpanit a’b, Sikhrin Tanvisut®, Terdsak Yano °, Prachya Kong’[avvelertd

ABSTRACT

This study aimed to determine whether swimming could improve the pathology of osteoarthritic
joints in canine hip OA. Fifty-five dogs (3 groups); 22 dogs were assigned to the OA with swimming
group (OA-SW). The second group (18 dogs) was classified as the healthy (non-OA) with swimming
group (H-SW). A third group (15 dogs) which was designated as the healthy (non-OA) without
swimming group (H-NSW). All animals were allowed to swim for a total of 8 weeks. Swimming times
were measured each week over a 2 d period. The daily protocol consisted of three cycles of
swimming for 20 min followed by 5 min rest. The blood was collected every 2 weeks for evaluation
of the levels of chondroitin sulfate epitope WF6 (CS-WF6) and hyaluronan (HA). The relative level of
serum CS-WF6 in the OA-SW group was dramatically decreased beginning at week 4, and was
found to be significantly different (P<0.01) at weeks 6 and 8 compared with the pre-exercise level.
The levels of serum HA of the H-SW group in weeks 2-8 were significantly (P<0.01) higher than pre-
exercise. This study demonstrates that it is possible to evaluate the effects of exercise on articular
cartilage.

Keywords: Biomarker, Dog, Osteoarthritis, Swimming
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Introduction

One of the most prevalent musculoskeletal disorders in canines is osteoarthritis (OA). Dogs
with OA show clinical signs including lameness, increasing immobility and muscle weakness, which
can lead to a reduction in quality of life. Although OA cannot be cured, long-term management of
the disease can be very rewarding for the veterinarian and pet owner. Managing pain with pain
medications is an essential first step, including nonsteroidal anti-inflammatory drugs and
chondroprotective drugs (McLaughlin, 2000). There are also physical modalities available for pain
reduction (Escalante et al.,, 2010). Weight management and nutritional joint support are also
important aspects of managing OA. Moreover, physical rehabilitation is a great way to improve
mobility and keep dogs active as they age (Rychel, 2010). And finally there is surgical
management: for example, chondrocyte transplantation, arthrodesis and arthroplasty
(Nganvongpanit et al., 2009b; Sanderson et al., 2009).

Rehabilitation protocols in the veterinary field are modeled after those proven to be
beneficial in people. Although much research has been published on the use of swimming as
physical therapy for humans, there have been few controlled studies on swimming as a treatment
protocol for dogs. However, many reports have shown the advantages of rehabilitation programs
for dogs (Lifschitz & Horwitz, 1975; Hess & Bache, 1980; Guth et al., 1990; Halseth et al., 1998;
Canapp et al, 2009; Drum, 2010; Chauvet et al, 2011). Current guidelines recommend
rehabilitation methods as a first-line option for OA management. This includes swimming (aquatic
exercise), walking or massage. Aquatic exercise is suitable for OA patients — dogs and humans as
well. The buoyancy, hydrostatic pressure, viscosity, resistance, and surface tension of water
increase the efficacy of the exercise (Edlich et al., 1987). These properties of water have a positive
effect, resulting in increased muscle mass, strength and endurance, as well as decreased pain

during movement (Wang et al., 2007; Silva et al., 2008). Water buoyancy significantly decreases
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contact force and stress on weight-bearing joints, bones and muscles, which in turn reduces pain
(Bartels et al., 2007).

Due to the lack of effective monitoring methods of joint homeostasis during swimming in OA
dogs, this study aimed to determine if swimming could improve the pathology of OA in canine hip
joints. Two serum biomarkers, chondroitin sulfate epitope WF6 (CS-WF6) and hyaluronan (HA) were

used to monitor joint homeostasis during the 8-week swimming program.

Materials and methods
Animals

The experimental protocol was approved by the Faculty of Veterinary Medicine and the
Ethics Committee, Chiang Mai University, Thailand. Fifty-five dogs with a body condition score
(Michel et al., 2004; Warren et al., 2011) between 3-6 out of 9 were categorized into three groups.
The dogs included German shepherd (n = 3), golden retriever (n = 12), Labrador retriever (n = 18),
beagle (n = 2), pug (n = 5), shih tzu (n = 4), French bulldog (n = 2), American pit bull terrier (n = 5)
and Bangkaew (n = 4). Twenty-two dogs were in the OA with swimming group (OA-SW), consisting
of 9 males and 13 females, 47.62 £ 23.21 months old and weight 25.52 £ 10.82 kg. The healthy
with swimming group (H-SW), had 18 non-OA dogs consisting of 8 males and 10 females, 48.33 &
21.26 months old and weight 26.00 t9.14 kg. The third group, the healthy without swimming group
(H-NSW), had 15 non-OA dogs consisting of 8 males and 7 females, 38.69 & 20.73 months old and

weight 19.85 & 13.20 kg.

Inclusion/exclusion criteria for canine osteoarthritis
Dogs with clinical signs of chronic lameness, stiffness and joint pain and radiological
evidence of OA of the hip were eligible. All OA dogs were categorized into grades 1-3 according to

Table 1. Animals which were grade-4 OA dogs, pregnant, receiving medication, or had hepatic,
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cardiovascular, gastrointestinal or neurological disease were excluded. Dogs with lameness due to
lumbosacral instability, infection, immune disease or fractures, and dogs which had previously
received drug or dietary supplements for OA treatment were also excluded. Moreover, animals
were not allowed to have received non-steroidal anti-inflammatory drugs (NSAIDs) or

chondroprotective drugs for 1 month pre-experiment, as well as during the experimental period.

Table 1 Radiographic scoring system for assessing dogs with osteoarthritis.

Grade Radiographic evaluation

0 Normal Not affected

1 Mild Doubtful narrowing of joint space and possible osteophytic
lipping

2 Moderate Definite osteophytes and possible narrowing of joint space

3 Severe Moderate multiple osteophytes, definite narrowing of joints

space, some sclerosis and possible deformity of bone
contour
4 Very severe Large osteophytes, marked narrowing of joint space, severe

sclerosis and definite deformity of bone contour

Swimming protocol

An outdoor pool was used for aquatic exercise, with a water temperature between 30-35
°C. All dogs were allowed to swim for a total of 8 weeks in order to collect the data. Swimming times
were measured each week over a 2 d period. The daily protocol consisted of three cycles of

swimming for 20 min followed by 5 min rest (Nganvongpanit et al., 2011).

Assessment protocol
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Two veterinarians recorded the severity of clinical signs every 2 weeks using an ordinal
scoring system (Table 2) (McCarthy et al., 2007; Nganvongpanit et al., 2009a); all veterinarians
were blinded. Radiographs of the hip joints were taken prior to the study and at the end of the study
period at week 8, and were interpreted by the two veterinarians using the scoring system described
in Table 1 (Takahashi et al., 2006; Nganvongpanit et al., 2009a). Three ml of blood was collected
from each dog’s cephalic vein every 2 weeks for evaluation of the level of biomarkers for OA

(Nganvongpanit et al., 2008; Nganvongpanit et al., 2009b; Nganvongpanit et al., 2009a).

Clinical score

Efficacy of the treatment was assessed by means of a clinical scoring system (McCarthy et
al., 2007; Nganvongpanit et al., 2009a) which assessed a specific animal’'s lameness, joint mobility,
pain on palpation, weight-bearing, and overall score of clinical condition. The dogs walked and
trotted 6 meters, 3 times each, for evaluation of lameness by two veterinarians. This was followed
by palpation of the hip joint for joint mobility and pain evaluation; the palpation was performed by

two veterinarians 30 min apart.



45

Table 2 Clinical scoring system for assessing dogs with osteoarthritis.

Criterion

Grade

Clinical evaluation

Lameness

1

o~ W N

Walks normally

Slightly lame when walking
Moderately lame when walking
Severely lame when walking

Reluctant to rise and will not walk more than five paces

Joint mobility

A WD

)]

Full range of motion

Mild limitation (10-20%) in range of motion; no crepitus
Mild limitation (10-20%) in range of motion; crepitus
Moderate limitation (20-50%) in range of motion; T crepitus

Severe limitation (>50%) in range of motion; = crepitus

Pain on palpation

—_

o A~ W N

None

Mild signs; dog turns head in recognition

Moderate signs; dog pulls limb away

Severe signs; dog vocalizes or becomes aggressive

Dog will not allow palpation

Weight bearing

o A~ W N

Equal on all limbs standing and walking

Normal standing; favors affected limb when walking

Partial weight-bearing standing and walking

Partial weight-bearing standing; non-weight-bearing walking

Non-weight-bearing standing and walking

Overall score of

clinical condition

o B~ W N

Not affected

Mildly affected
Moderately affected
Severely affected

Very severely affected
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Radiographs

Joint structural changes were assessed from serial radiographs performed according to a
standardized technique recommended by previous publications (Takahashi et al.,, 2006;
Nganvongpanit et al., 2009a). Radiographs were taken for each animal, at enroliment and after 8
weeks of treatment, by the same technician using a standard X-ray machine. Ventrodorsal
radiographs were obtained with the dog’s hip and leg in the full extension position. Repositioning of
the dog for subsequent radiography was guided by the original film, and the same radiographic
settings (i.e. kV, mA and ms) were used. All radiographs in a set (2 films) for each dog were
evaluated concurrently by two veterinarians using the criteria in Table 1. Only dogs with hip joint OA

of grades 1-3 were used as subjects of this study.

Blood collection

Three ml blood samples were collected from the cephalic vein of each dog. All blood
samples were taken in the morning before feeding the dogs. One ml blood samples from each dog
were kept in anticoagulant (100 IU/ml heparin) for a complete blood count (CBC). Two ml blood
samples were centrifuged at 10,000 x g for 15 min to obtain the serum; this was kept frozen at —20

°C until blood chemical tests and biomarker assay were performed.

Hematology and biochemistry

CBCs, blood chemistry tests and biochemical analyses were conducted at the Small Animal
Hospital, Faculty of Veterinary Medicine, Chiang Mai University, Chiang Mai, Thailand. The blood
samples were analyzed for CBC, including hematocrit and hemoglobin levels, red blood cell count,
white blood cell count (WBC), and platelet count. Two ml of serum were analyzed for blood
chemicals, including aspartate aminotransferase (AST), alanine aminotransferase (ALT), blood urea

nitrogen (BUN) and creatinine.



47

Biomarker assay

ELISA (enzyme-linked immunosorbent assay) was used as a biomarker assay, following
previous studies performed by our research group (Pothacharoen et al., 2006; Nganvongpanit et

al., 2008; Nganvongpanit et al., 2009a; Nganvongpanit et al., 2009b).

ELISA-based assay for the chondroitin sulfate WF6 epitope

A quantitative two-step ELISA was developed based on the results from an initial study that
characterised the epitopes recognized by the monoclonal antibody WF6. Diluted human serum
samples, 1:5 in 6% BSA-TE (bovine serum albumin-tris/EDTA) buffer, were added to 1.5 ml plastic
tubes containing an equal volume of monoclonal antibody WF6 (cell culture supernatant, 1:200
dilution in TE buffer). The standard used was embryonic shark skeletal cartilage aggrecan (the
A1D1 fraction) at different concentrations (19-10,000 ng/ml) in 6% BSA-TE buffer. After incubation
at 37 °C for 1 h, the samples (or standard) mixed with WF6 were added to a microtiter plate
previously coated with shark skeletal aggrecan (the A1 fraction) (100 /well at 10 Lg/ml); the
samples were blocked with 1% BSA. The plates were incubated at 37 °C for 1 h, and the wells then
washed with TE buffer. Peroxidase-conjugated anti-mouse IgM antibody (Sigma-Aldrich, St. Louis
MO, USA) was then added (100 ml/well; 1:2,000 dilution in TE buffer). After incubation at 37 °C for a
further 1 h, the amount of bound peroxidase was determined using OPD (o-phenylenediamine
dihydrochloride) substrate (Sigma-Aldrich). The plates were read at 492-690 nm. The WF6 epitope

concentration in the samples was calculated from the standard curve.

ELISA-based assay for hyaluronan

An ELISA assay was developed for determining hyaluronan (HA) in serum, based on
previous work with HA-binding proteins. Human serum samples or standard HA (Healon®) at

various concentrations (19-10,000 ng/ml in 6% BSA-PBS, pH 7.4) were mixed with an equal volume
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of biotinylated HABPs (hyaluronan binding proteins) derived from bovine articular cartilage (1:200
in 0.05 M Tris-HCI buffer, pH 8.6). After incubation at room temperature for 1 h, the samples (100
L) were added to microplate wells previously coated with human umbilical cord HA (Sigma-
Aldrich) (100 W/well at 10 Klg/ml); they were then blocked with 1% BSA (150 [Ui/well). After further
incubation at room temperature for 1 h, the wells were washed with PBS-Tween buffer. Peroxidase-
conjugated anti-biotin antibody (Zymed, South San Francisco CA, USA) (1:2,000 dilution, 100
L/well in PBS) was added next. The plate was incubated at room temperature for a further 1 h, and
the bound peroxidase was determined using OPD substrate. The plates were read at 492-690 nm.

The amount of HA in the samples was calculated from the standard curve.

Statistical analysis

The radiographic and clinical sign scores were calculated as mean + SD. Non-parametric
2-sample Mann-Whitney procedure was used to test for differences before and after treatment. The
results of serum CS-WF6 and HA analysis are presented as mean of relative change. Non-
parametric 2-sample Mann-Whitney procedure was also used to test for differences between weeks
0, 2, 4, 6 and 8. Relative data were analyzed using the SAS version 8.0 software package; P < 0.01

was considered to be significant.

Results

All dogs enrolled in the trial had hemogram and biochemical profile results within the
reference range throughout the trial (data not shown). Twenty-two out of 77 dogs withdrew from the
study due to various reasons: 10 dogs left because of illness, 5 dogs moved to another province, 2
dogs died from car accidents, and 12 dogs were unable to swim with sufficient frequency.

Ultimately, 55 dogs served as subjects in this study.
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Clinical evaluation of the OA-SW group found that nearly all parameters (lameness, joint
mobility, weight bearing and overall score) showed significant improvement (P<0.01) at week 8
compared to pre-treatment, while pain on palpation was significantly improved (P<0.01) at week 6.
For range of motion (ROM) evaluation, both extension and flexion of the hip joint were found to be
significantly improved (P<0.01) in the OA-SW and H-SW groups at week 8 compared to pre-
treatment, while the control group (H-NSW) showed no difference.

All 22 dogs in the OA-SW group had been diagnosed with OA of the hip joint and were
classified as grade 1.95 + 0.67 via a radiographic scoring system. Two biomarkers (CS-WF6 and
HA) were also used to confirm OA by comparing OA and non-OA groups (Fig. 1). The OA group
showed significantly (P<0.01) lower HA and higher CS-WF6 levels compared to the non-OA group.
The relative level of serum CS-WF6 in the OA-SW group was dramatically decreased beginning at
week 4 (90.52 + 31.02), but was found to be significantly different (P<0.01) compared with pre-
exercise (100 + 0.00) at weeks 6 (64.44 + 23.16) and 8 (40.68 + 19.71). n the other hand, the
relative expression of serum CS-WF6 in the other two groups (H-SW and H-NSW) showed no
significant change over the 8-week exercise period (Fig. 2). The relative level of serum HA in the
OA-SW group increased beginning at week 2 (137.50 + 39.39), and then continued to rise steadily:
at week 4, 166.60 £ 69.09; week 6, 257.75 £ 94.83; and at the end of week 8, 470.88 + 286.96.
Moreover, the levels of serum HA of the H-SW group were significantly (P<0.01) higher than pre-
exercise: at week 2, 169.44 + 102.44; week 4, 165.06 = 55.87; week 6, 164.39 £ 75.28; and at the

end of week 8, 164.39 + 29.68 (Fig. 3).
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Table 3 Comparison of clinical scores for the osteoarthritis-swimming (OA-SW) group before and

during the experiment.

Parameter Weeks

0 2 4 6 8
Lameness 3.00£084 295%X080 295k080 2861+085 248%0.75*
Joint mobility 176 £ 083 1.76+t083 1.71%X078 1.67X073 148X 0.60*
Pain on palpation 200055 205%X059 1.90%x0.62 1.67%058 1.48F0.51*
Weight bearing 205*067 200%X063 195+059 190F%062 1.48X0.51*
Overall score 1.62%X059 1.62%X059 157060 1.48%060 1.19%0.40*

Data are expressed as mean X SD.

* = significant difference compared to week 0 for the same parameter.

Fig. 1. Mean (SD) serum levels of biomarkers hyaluronan (HA) and chondroitin sulfate epitope

(CS-WF®).

* = indicates a significant difference for the same biomarker between groups (P <0.01).



Table 4 Comparison of the range of motion before and during the experiment.

Weeks group Right hip joint Left hip joint
Extension Flexion Extension Flexion

0 OA-SW 1282411490 4114t 6.98 128.52 + 15.37 40.81+6.38
H-SW 137.00k 1249 4127t 8.46 137.33 £ 12.71 41.40 £ 8.40
H-NSW  133.00 = 7.49 38.77 £ 6.00 133.92+ 7.68 39.46 = 5.55

2 OA-SW 1281911524  40.95% 7.04 128.57 £ 15.13 40.71+6.47
H-SW 136.73 1 12.74  41.13%8.33 137.07 £ 12.07 41.27 £ 8.51
H-NSW  133.08 = 7.40 38.38 = 5.92 133.77 £ 7.61 39.31 = 5.69

4 OA-SW 128621+ 14.86  40.86 X 7.09 129.05 % 15.31 40.52 £ 6.65
H-SW 137.331£12.43  41.00x8.18 137.60 £ 12.14 40.93 +8.50
H-NSW 132.77£75 38.69 = 5.94 133.92+ 7.53 39.54 584

6 OA-SW 128951+ 1505  40.62t6.57 129.14 £ 15.63 40.48 £ 6.71
H-SW 137.731£12.69  40.80 £ 8.42 138.07 £ 12.33 40.80 + 8.41
H-NSW 132.93+7.26 39.00+6.18 134.00 £ 7.87 39.42 £ 5.64

8 OA-SW 13048+ 15.96* 40.00X6.63*  130.43+16.04*  39.38 £ 5.75*
H-SW 139.53+12.96*  40.33X8.15*  140.02k12.44*  40.27 £ 7.91*
H-NSW 133.00 £ 7.57 38.62 1 6.09 133.77 £ 7.61 39.85 1t 5.64

The data are expressed as mean =t SD.

* = significant difference compared to week 0 in the same group.
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Fig. 2. Mean (SD) scores of radiographic images. The values were not significantly different

between 0 and 8 weeks (P >0.05).

Fig. 3. Mean of relative change (%) of serum chondroitin sulfate epitope WF6 (CS-WF6) and
hyaluronan (HA). The symbols *, # signify a significant difference within groups compared to week

0 (P <0.01).
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Discussion

The study design had several limitations. First, because this was a clinical study the animals
could not be controlled by using the same breed, sex and/or age. Moreover, not all dogs in the
study had the same OA grade. However, we tried maximize the number of animals (22) included in
the OA with swimming group. Second, this study did not include an OA with non-swimming group.
This is because all dogs in this study were pets with OA hip problems, and had been brought to a
small animal hospital by their concerned owners; for ethical reasons, it was felt that these animals
should not be deprived of treatment to relieve pain. Third, since this study used an outdoor
swimming pool, we were unable to do a long-term study (4 to 6 months or more) because the rainy
season in the north of Thailand would overlap with the study period. Some animals swam for longer
than 2 months, but only a small number which was insufficient for statistical analysis. So we
established a 2-month cutoff period for studying the effects of the swimming program. (However,
we have recently constructed an indoor swimming pool for future studies on the long-term effects of
swimming on OA dogs.) Fourth, the total number of animals in this study was not large, particularly
because many dogs (n = 22) withdrew from the study due to various problems: illness (10 dogs),
moving out of the study area (5), death (2), and inability to swim frequently (12). Another possible
limitation of the study is that we measured only the hip and not other joints.

Human studies have found that water temperature is another factor affecting physiology
during aquatic exercise: for example, heart rate or blood pressure. Previous human studies showed
higher heart rates during swimming in water with a temperature of 33 °C versus 27 °C or lower
(Holmér et al., 1974; McArdle et al., 1976). (This is due to an increase in peripheral circulation from
warmer water.) Although there are no existing reports on the effect of water temperature on canine
physiology during swimming, our study was performed in water with a temperature between 30—

35°C to avoid this effect of water temperature.



54

Another of the limitations in this study is that we did not have a force plate analysis
instrument. Evaluation of clinical signs and range of motion of the hip joint were performed by two
veterinarians via blind technique. Our trial found that the swimming program had a slow effect on
clinical signs (lameness, joint mobility, weight bearing and overall score), with improvement at week
8; only the pain on palpation score showed significant improvement earlier, at week 6. To evaluate
the motion of the hip joint, passive ROM was measured every 2 weeks by two independent
veterinarians. Swimming was found to improve the ROM of the hip joint not only in OA dogs but in
healthy dogs as well, with a significant improvement shown at week 8.

A previous study in humans also indicated that hydrotherapy can improve functional gains
(Foley et al., 2003). However, some research reports have had a different result. In 2003, (Takken et
al., 2003) reported no significant effect of a 20-week aquatic training program on children with
juvenile idiopathic arthritis. But that research had several limitations: for example, a limited number
of patients, low intensity and frequency of exercise, and in-home assessment. Another advantage
of swimming, from a recent study using a mouse model, is increased muscle mass, function and
metabolic profile (Matsakas et al., 2012).

Based on the present results, it can be concluded that swimming 2 to 3 times per week for
8 weeks continuously can improve the ROM of the hip joint by about 5%, not only in OA dogs but in
normal dogs as well. A human study found that aquatic exercise for 6 weeks can improve the ROM
of the hip joint by 10.9% (Suomi & Lindauer, 1997). A study comparing the therapeutic benefits of
treadmill walking and swimming found that dogs that swam had significantly greater stifle ROM
compared with dogs that exercised by walking on a treadmill (Marsolais et al., 2003).

Moreover, we used radiographic images to compare the pathology of OA joints between
pre- and post-exercise. Radiographic findings between weeks 0 and 8 in the OA-SW group showed
no significant change. However, radiographic images cannot provide as much information as an

MRI or CT, but we did not have these facilities for animal use at our institute.
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When the levels of serum biomarkers were compared between the OA and non-OA groups,
a significantly lower level of serum HA and a higher level of serum CS-WF6 was found in OA dogs
compared with non-OA dogs. This result was similar to our previous study on dogs with hip
dysplasia (Nganvongpanit et al., 2008), which showed that the serum levels of CS-WF6 increased,
while HA levels decreased. Taken together with other reports (Nganvongpanit et al., 2009b;
Nganvongpanit et al., 2009a), this demonstrates the usefulness of these biomarkers to predict the
progress of OA. An increase in the WF6 epitope may reflect a catabolic response, while a decrease
may reflect a blockage of the catabolic pathways; this may be helpful for the diagnosis or prognosis
of disease. The HA concentration in the joint fluid and serum of animals with diseased joints has
been reported to be lower than normal because of a decrease in the synthesis mechanism via
synoviocytes and chondrocytes (Bastow et al., 2008; Nganvongpanit et al., 2008).

Hip joints are diarthrodial joints, which are freely moveable joints containing synovial fluid
within a connective tissue joint capsule that allows for low-friction and low-wear articulation of the
cartilaginous ends of long bones. The articular cartilage is a structure without blood vessels or
nerve supply. Chondrocytes receive all nutrients and release waste products via the synovial fluid.
Joint movement is very important for homeostasis in the joint environment because it helps articular
cartilage absorb synovial fluid. In OA animals, joint movement is restricted because of pain, which
in turn decreases the absorption of synovial fluid by articular cartilage. This will lead to decreased
nutrients and an accumulation of waste products in cartilage. Shortly after exercise, an elevation of
serum levels of cartilage oligomeric matrix protein (COMP) was found in patients with OA,
suggesting an effect on cartilage metabolism (Andersson et al., 2006). A recent study found an
exercise-induced increase in interleukin-10 levels in the (peri-)synovial fluid of patients with knee
OA, to which anti-inflammatory and chondroprotective properties are ascribed (Helmark et al.,

2010).
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A novel monoclonal antibody, WF6, which recognizes an epitope in native CS chains
(Pothacharoen et al., 2006), was decreased after swimming. The finding of decreased levels of
serum CS-WF6 after exercise reflects an alteration in the metabolism of the cartilage. In chronic OA,
the level of CS-WF6 is higher than normal because the native CS chain in cartilage is degraded and
released into the blood stream (Pothacharoen et al.,, 2006; Nganvongpanit et al., 2008). The
decrease of CS-WF6 in this study indicated that swimming could increase the anabolism and
decreased the catabolism in OA joints. It is also possible that swimming could increase the blood
supply to the joint, thus increasing the metabolism in cartilage and surrounding tissue. This is
supported by the serum HA results in the present study; HA levels increased in both swimming
groups, but to a greater extent in OA dogs than in normal dogs. HA is mainly produced by
fibroblasts and other specialized connective tissue cells. Although HA is widely distributed
throughout the body (umbilical cord, nasal cartilage, vitreum, cutis, and lymph nodes in the thorax),
the highest concentration is found in synovial fluid and also in connective tissue such as the
synovial membrane. Our results found that after 8 weeks of a swimming regimen, the rate of HA
synthesis was higher in OA dogs than in normal dogs. It is possible that swimming induced HA
synthesis by synoviocytes and chondrocytes from increased blood supply to the joint. In human
studies, blood flow during maximal exercise compared to resting conditions has been found to
increase up to 20-fold on average; and in predominantly white muscles increases up to 80-fold
have been reported (Boushel et al., 2000).

One disadvantage of this study was that we could not measure biomarker levels in synovial
fluid during swimming, which could provide useful information for further research, e.g. on the
levels of other serum biomarkers or gene expression.

The present study demonstrates that it is possible to evaluate the effects of exercise on
articular cartilage. We discovered a significant change in serum biomarker levels in the group that

performed swimming compared to the non-swimming group. This might explain the beneficial effect
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that exercise has on patients with OA. Aquatic exercise appears to be a useful strategy for

regaining movement and function loss associated with osteoarthritis.
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