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PHYSIOTHERAPY IN DOGS WITH HIP
OSTEOARTHRITIS - EFFECTS ON PAIN, MUSCLE AND
LAMENESS: A RANDOMISED CONTROLLED TRIAL

ORIGINAL ARTICLE

ABSTRACT

Purpose: The aim of this study was to investigate the effectiveness of a physiotherapy programme
in dogs with hip osteoarthritis (OA).

Methods: 20 dogs with hip OA were included in the four-weeks study. The dogs were randomly
divided into two groups as physiotherapy group (PTG) and control group (CG). Hyaluronic acid
(HA) was injected into the hip joint of dogs in PTG and CG. The physiotherapy programme in PTG
consisted of massage, electrophysical modalities and exercises. Primer assessments were pain
intensity, muscle mass and lameness scores. Pain assessment was performed with Simple Pain
Rating Score (0-4). Muscle mass was measured by thigh circumference measurement and lameness
was measured by scoring system (0-5).

Results: At the end of the study, pain intensity (p=0.006) and lameness scores (p=0.005, p=0.006)
were decreased and muscle mass was increased in the PTG (p=0.012). In addition, between group
comparisons showed that all changes were statistically improved in the PTG compared to the CG
(p=0.042, p=0.010, p=0.028, p=0.015).

Conclusion: We think that the “HA + physiotherapy” programme used in our study is more
effective than “HA alone” in reducing pain and increasing muscle mass. Therefore, we can say that
physiotherapy programmes are beneficial and safe in the treatment of dogs with OA. Physiotherapy
programmes can be used to prevent the development of muscle atrophy and lameness, especially
from the early stages of the disease.

Keywords: Animal Physiotherapy, Dog, Muscle, Osteoarthritis, Pain

KALCA OSTEOARTRITLI KOPEKLERDE FiZYOTERAPI-
AGRI, KAS VE TOPALLIK UZERINE ETKILER:
RANDOMIZE KONTROLLU BiR CALISMA

ARASTIRMA MAKALESI

0z
Amag: Calismamizin amaci kalca osteoartriti (OA) olan képeklerde fizyoterapi programinin etkinligini
incelemekti.

Yontem: Kalca OA'si olan 20 kopek dort haftalik calismaya dahil edildi. Kopekler rastgele olarak
fizyoterapi grubu (PTG) ve kontrol grubu (CG) olarak iki gruba ayrildi. PTG ve CG'deki kopeklerin kalca
eklemine hyaluronik asit (HA) enjekte edildi. PTG'deki fizyoterapi programi masaj, elektrofiziksel
modaliteler ve egzersizlerden olusturuldu. Primer degerlendirmeler agri yogunlugu, kas kiitlesi ve
topallama skorlariydi. Agri degerlendirmesi Basit Agri Derecelendirme Skoru (0-4) ile yapildi. Kas
kiitlesi uyluk cevresi 6lctimleri kullanilarak, topallama ise 6zel bir skorlama sistemi (0-5) kullanilarak
olculda.

Sonuclar: Calismanin sonunda, PTG'de agri (p=0,006) ve topallik skorlari (p=0,005, p=0,006) azalmis
ve kas kiitlesi artmisti (p=0,012). Ayrica, gruplar arasi karsilastirmalar, tim degisikliklerin CG'ye
kiyasla PTG'de istatistiksel olarak daha fazla iyilestigini géstermistir (p=0,042, p=0,010, p=0,028,
p=0,015).

Tartisma: Calismamizda kullanilan «HA + fizyoterapi» programinin agriyi azaltmada ve kas kiitlesini
artirmada «tek basina HA'ya gore daha etkili oldugunu distiniyoruz. Bu nedenle, fizyoterapi
programlarinin OA'li kopeklerin tedavisinde faydali ve giivenli oldugunu sdyleyebiliriz. Fizyoterapi
programlari, 6zellikle hastaligin erken evrelerinden itibaren kas atrofisi ve topallik gelisimini énlemek
icin kullanilabilir.

Anahtar Kelimeler: Agri, Hayvanlarda Fizyoterapi, Kas, Kopek, Osteoartrit
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INTRODUCTION

Osteoarthritis (OA) is a common disease that
can significantly affect the welfare of dogs (1).
Clinical manifestations of OA in dogs include
reduced painless range of motion (ROM) in the
affected synovial joints, decreased muscle flexi-
bility, altered weight bearing of the affected limb
when standing or moving, reduced performance
in daily activities such as running, walking, jum-
ping and climbing. Behavioural and reactionary
changes are also seen in dogs with this disease.
OA occurs most commonly in the hip, knee and
elbow joints in dogs (2).

Pain and disability may not be associated with
structural joint changes (such as joint space nar-
rowing, osteophyte formation, bone sclerosis)
that can be seen on radiography (3). Pain in OA
may be caused by a variety of mechanisms. For
example, mechanical stress with movement may
cause pain in an OA joint. Recent studies sug-
gest that neuroinflammation in the peripheral
and central nervous systems plays a key role in
chronic pain (4). OA is recognised as one of the
leading causes of chronic pain in dogs, therefore
it is a threat to health-related quality of life and
animal welfare. Pain in dogs is defined as a sub-
jective, unpleasant sensory and emotional expe-
rience. However, the inability of dogs to express
their experiences in words makes it difficult to
use scales to directly assess pain (5).

It is difficult for dog owners to report pain levels
on a visual analogue scale (VAS). Pain associated
with OA can manifest as behavioural changes in
the dog. One of the most commonly used met-
hods of assessing pain in dogs is gait analysis.
In addition, visual assessment of movement and
determination of the lameness degree may be
used (6-7).

Another parameter closely related to pain is
muscle mass and therefore muscle strength. A
dog with hip pain cannot be expected to functi-
onally use the affected area. This immobilisation
will lead to loss of muscle mass and weakness
over time. One study (8) in humans with hip OA
analysed muscle strength and found strong evi-
dence of generalised muscle weakness in the
affected leg rather than localised hip muscle
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weakness. These differences in muscle strength
and muscle mass may also occur because people
with hip OA increase the load on the asympto-
matic side to reduce the load on the symptoma-
tic side. Cross-sectional studies have shown that
generalised muscle weakness in the affected leg
is present even in the early stages of OA (9), and
that muscle strength and power are very impor-
tant parameters in the diagnosis of OA. Based
on the results of studies, it is hypothesised that
an increase in muscle mass will lead to an inc-
rease in muscle strength, and stronger muscles
will lead to improved functional performance
(10). Therefore, exercise may be started early to
prevent muscle weakness in patients with OA.

One of the methods used for pain management
in the treatment of OA is HA application. It is
thought that HA applied intra-articularly increa-
ses joint lubrication and leads to more painless
movement (11).

Studies on the effectiveness of physiotherapy in
the treatment of osteoarthritis in dogs are ava-
ilable in the literature (1). Physiotherapy met-
hods are used in the treatment of OA in dogs,
however, there is still no established protocol on
this subject. Therefore, we aimed to investigate
the effect of physiotherapy in OA dogs with this
study.

We hypothesize that physiotherapy is effective in
increasing muscle mass and reducing pain, and
improvements in these parameters will lead to
further improvements in functional performan-
ce. The aim of our study was to show that phy-
siotherapy combined with HA provides more im-
provement than HA alone in dogs with OA.

METHODS
Design
The report follows the CONSORT guidelines for

randomised trials of treatments.

Our study was conducted at the Near East Uni-
versity Animal Hospital between 2018-2020.
This study was completed with two groups of
dogs with OA randomly assigned (basic compu-
ter method) to receive four weeks of physiothe-
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rapy or not. The person who did the randomizati-
on and the people who performed the evaluation
and treatments were different. The applications
were performed by a physiotherapist with a cer-
tificate in animal physiotherapy. In the 20-sub-
ject study, pain intensity, muscle mass and la-
meness of dogs were evaluated at baseline and
after 4 weeks. Since exercise programs in ani-
mals are generally revised at the end of 4 weeks
in clinical practice, the program was planned for
4 weeks. The flow chart is given in Figure 1. Ap-
proval for this study was obtained from the Near
East University Animal Experiments Local Ethi-
c¢s Committee (dated 26/09/2018 and decision
number 2018/24-52). Written informed consent
was obtained from the dog owners.

Participants

The severity of joint damage was evaluated
by the veterinarian using the Kellgren-Lawren-
ce scoring system (12). All dogs included were
stage 2 or 3. The inclusion criteria for the study
were diagnosis of hip OA on X-Ray by a veteri-
nary surgeon, being older than 1 year and con-
sent given by the volunteer dog owner.

Exclusion criteria; developed an acute health
problem during the study, had undergone ortho-
paedic surgery in the previous 3 months and fa-
iled to comply with study/commands.

Clinical assessment

Pain severity was calculated using the Millis and
Levine Simple Pain Rating Score (13). According
to this scale (0-4), dogs were scored as follows:
“0- no pain when the affected limb is palpated”,
“4- the affected limb cannot be palpated, the
dog does not allow movement or physical touch”.

Muscle mass was measured using an inflexible
tape measure according to anthropometric pro-
tocols. The reference point (13) taken was % of
the proximal distance between the greater troc-
hanter and the patella.

Lameness was scored using Millis and Levine’s
(0-5) scoring system. In the scoring system, ‘0’
represents normal ambulation and ‘5’ represents
ambulation with any weight on the limb (13).

200 TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2024; 35(2)

Interventions

The dogs were divided into physiotherapy group
PTG (n=10) and control group CG (n=10). Dogs
in the CG were injected with HA (Ostenil Plus 20
mg/ml) under sedation by the veterinarian on the
first day. A dose of 5 mg was used in dogs we-
ighing 10 kg or less, and a dose of 10 mg was
used once in dogs weighing 11 kg or more. The
dogs in the PTG in addition to the intra-articu-
lar application of HA, received a physiotherapy
programme.

The physiotherapy programme consisted of
massage, electrophysical modalities and exerci-
ses. At the beginning of the treatment, all dogs
received 5 min of massage (stroking and kne-
ading). Ultrasound (US) was applied for 5 min
at an intensity of 1 watt/cm? and a frequency
of 3.3 mHz, with the patient in the lateral re-
cumbent position. After US, 70 Hz, 300 psec,
20 min NMES and 15 min TENS at 100 Hz, 100
psec duration were applied. All electrophysical
applications were performed using Intelect® Vet
Chattanooga.

After massage and electrical stimulation, exer-
cises were performed by the physiotherapist
(Table 1). Dogs in the PTG were treated 3 days a
week for 4 weeks.

Statistical analysis and data reduction

The power analysis (G-power 3.1) was based on
a similar study (14). It is based on the estimation
that the study performed on 20 dogs with OA
(10 dogs per group) will work at 95% confidence
level and reach 85% power. Data were analysed
with SPSS-21 package programme. Continuous
variables were expressed as mean * standard
deviation and categorical variables were exp-
ressed as number and percentage. The indepen-
dent samples t-test was used to compare two
sample means, and Chi-square test was used for
testing relationships on categorical variables.
Mann Whitney U test was used for intergroup
comparison of variables determined by counting.
Wilcoxon test was used to compare independent
group differences. In all analyses, p<0.05 was
considered statistically significant.



Table 1. Exercise Program
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Exercise Procedure 0-2 weeks 2-4 weeks
ROM exercises Hip joint, stifle joint, 10 reps X
Standing exercises With 4 limbs, 3 min X
Weight-bearing Dancing, three-leg standing, 3 min X X
Foam mattress walk 10 reps X X
Sit to stand exercises 20 reps X
Exercise ball, wobble board 5 min X
Gait training Leash walking, 5 min X
Stair activities 5 min X
Table 2. Comparison of Demographic and Clinical Findings at the Beginning of Treatment
Variable Physiotherapy Group Control Group p-value
Age (XtSD) 8.90+4.15 8.40+2.67 0.752*
BCS (X) 6 5 0.695**
Sex (%) B Y 0,650

‘Independent Sample T-Test, **“Mann Whitney U testi, ***Chi Square test, BCS: body condition score, X:mean, SD: standart deviation, p<0.05

RESULTS

Initially, 23 dogs were screened to identify 20
dogs for randomisation. Based on owner con-
sent, all 10 dogs in the PTG received physiot-
herapy for 4 weeks and all assessments were
completed on the first and last day of treatment.
All dogs were fully compliant with the protocol
and therefore data from all 20 dogs were inclu-
ded in the analysis.

The 10 dogs in the CG consisted of 5 females and
5 males. The dogs were aged between 5 and 13
years (median 8.40+2.67 years) and body con-
dition scores (BCS) median was 5. The 10 dogs
in PTG consisted of 3 females and 7 males. The
dogs were aged between 2 and 14 years (medi-
an 8.90+4.15) and BCS median was 6 (Table 2).

Table 3. Changes in the Pain Scores of the Groups

Change in pain severity score

A comparison of the change in pain scores
between the post-treatment groups is shown in
Table-3.

According to this table, although the pain sco-
res of both the PTG and CG decreased compared
to baseline (p=0.006, p=0.083), the decrease in
pain scores of the PTG compared to the CG was
found to be statistically more significant in the
between-group comparison (p=0.042).

Change in muscle mass

The comparison of the change in thigh circum-
ference measurement between the groups after
the programme is shown in Table 4. According to
this table, the thigh circumference measurement
increased in the PTG compared to the baseline

Pain (0-4) Physiotherapy group Control group Mann Whitney U
Test
Baseline 4 weeks Wilcoxon test Baseline 4 weeks Wilcoxon test
Median  Median z p Median  Median z p z p
(min- (min- (min- (min-
max) max) max) max)
Pain 3(1-3)  1(1-2) -2739 0.006* 2(1-3) 2(1-3) -1.732 0083 -2.032 0.042*

Min: minimum, max: maximum, X: mean, SD: standard deviation, p<0.05: statistical error level, *Significant differences
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Enrollment ‘ Assessed for eligibility (n=23) ‘

Excluded (n=3)
Less then | years (n=1)
— Chronic disease (n=1)

= Imcompatible commands (n=1)
Randomized (n=20)
l { Allocation ]I l
Allocated to physiotherapy intervention (n=10) Allocated to control (n=10)
Received allocated intervention (n=10) _ Received allocated intervention (n=10)
~ Did not receive allocated intervention (n=0) ~ Did not receive allocated intervention (n=0)
Follow-Up
\8 J
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
Analysis
Analysed (n=10) Analysed (n=10)
~ Excluded from analysis (n=0) ~ Excluded from analysis (n=0)

Figure 1. Flow Chart of the Study

results (p=0.012), whereas no change was ob- Change in lameness scores
served in the CG (p=0.102). When comparing the
groups, the thigh circumference measurements
of the PTG were found to be statistically more
significant than those of the CG (p=0.015).

The comparison of the change in lameness sco-
re between the groups after the programme is
shown in Table 5. According to this table, lame-
ness decreased in the PTG compared to baseline

Table 4. Changes in Thigh Circumference Measurement of the Groups

Mann
Physiotherapy group Control group Whitney U
Circumference Test
measurement Baseline 4 weeks Wilcoxon test Baseline 4 weeks W'L:‘;)t(on
X +SD X +SD z p X +SD X +SD z p z p

Thigh
circumference 29.70+9.38 32.73+9.74 -2.510 0.012* 27.70+6.20 28.10+6.38 -1.633 0.102 -2.327 0.015*
(cm)

Wilcoxon test, Mann Whitney U test, min: minimum, max: maximum, X: mean, SD: standard deviation, p<0.05: statistical error level, *Significant differences

Table 5. Comparison of Group Lameness Scores within and between Groups

Mann
Physiotherapy group Control group Whitney U
Lamenes Test
(0-5) Baseline 4 weeks Wilcoxon test Baseline 4 weeks Wilcoxon test
Median Median 7 Median Median 7z
(min-max) (min-max) P (min-max) (min-max) P p
Walk 3 (2-4) 2 (1-3) -2.810 0.005* 3(1-4) 2 (1-4) -1.732 0.083 -2.646 0.010*
Trot 3 (3-4) 2 (1-3) -2.739 0.006* 3 (2-4) 3 (2-4) -1.732 0.083 -2.202 0.028*

Wilcoxon test, Mann Whitney U test, min: minimum, max: maximum, X: mean, SD: standard deviation, p<0.05: statistical error level, *Significant differences
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(p=0.005, p=0.006), whereas no change was ob-
served in the control group (p=0.083, p=0.083).
When comparing the groups, the lameness sco-
res of the treatment group were statistically
more significant than those of the CG (p=0.010,
p=0.028).

DISCUSSION

Several studies have shown that intra-articular
administration of HA is effective in modulating
pain in dogs with OA (14-15). The general aim of
physiotherapy in dogs with OA is to reduce pain,
increase joint ROM and muscle strength to aid
recovery. The aim of our study was to demons-
trate the efficacy of physiotherapy combined
with HA. And this trial showed that dogs with OA
who received physiotherapy had greater reducti-
ons in pain and lameness and greater increases
in muscle mass.

In our study, the average pain in dogs in the PTG
was 3/4 at baseline, but decreased to 1/4 at the
end of treatment. OA is the most common cause
of chronic pain in dogs. The goal of pain mana-
gement in OA is to provide adequate analgesia
so that dogs can use their affected joints nor-
mally (16). This will minimise stiffness and musc-
le loss in the arthritic joint. In our study, in addi-
tion to HA, massage, TENS and US were used in
the PTG to reduce pain. We hypothesise that the
reduction in physical activity due to pain in dogs
in the PTG was blocked by the analgesic effect
of US therapy and TENS. Thus, US contributed to
the reduction of pain in the dogs and thus to an
increase in muscle mass.

Many studies in the literature emphasise the
need to use exercise programmes to develop
pain modulation and functional skills (17-18). A
recent review (19) on the pain-relieving mecha-
nism of exercise examined exercises of different
duration, type, frequency and intensity. Researc-
hers suggest that exercise regulates electrophy-
siological responses in the spinal cord, macrop-
hage levels in the painful area and reduces pain
by increasing anti-inflammatory cytokine synt-
hesis (19). We believe that the exercises used
in our treatment programme contribute to the
modulation of pain. The exercises used reduced
pain in the dogs both by regulating physiological
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responses and by increasing the dogs’ physical
activity and well-being. Vaz et al. (20) found in
their study of patients with OA that NMES incre-
ased the thickness of the vastus lateralis muscle
and the length of the fascicle, resulting in im-
proved functional status. Electrical stimulation
helps to increase muscle strength by inducing
beneficial changes in muscle fibres and the ca-
pillary system. In this way, it allows the recovery
of muscular atrophy due to inactivity. Melo Mde
et al. (21) found that NMES statistically increa-
sed muscle fibre thickness and pennation angle
values more than low-level laser treatment in
patients with OA. Therefore, more force is relea-
sed as a result of muscle contraction. The results
of the study confirm that NMES administration
is an effective strategy for improving OA-rela-
ted muscle wasting. Increasing muscle mass and
thus muscle strength will improve the functiona-
lity of the dogs.

According to the results of our study, we can say
that the reduction in lameness scores is rela-
ted to the reduction in pain and the increase in
muscle strength achieved through exercise. The
reduction in pain has an effect on the dog’s gait
and activity level.

There are articles showing that pain may be dire-
ctly related to lameness (22). In his study, Brown
et al. (23) showed that pain and lameness were
directly related. Although there was no correlati-
on between pain and lameness in the correlation
analysis of our study (p>0.05), we believe that
the reduction of pain is a parameter that will se-
condarily reduce lameness. Pain caused by sti-
mulation of nociceptors (24) causes lameness. In
a clinical setting, it is clear that most dogs with
lameness experience pain. A study by Drygas et
al. (25) showed that pain, lameness, swelling and
joint restriction were all reduced within 24 hours
in dogs treated with ice after TPLO surgery.

Similarly, the increase in muscle mass-strength
will increase proprioception and receptor activity
in affected limb. Therefore, it can be said that
the amount of time the dog presses on the limb
will increase and therefore the amount of lame-
ness will decrease. Pellegrino et al. (26) investi-
gated the effect of the 30 minutes of treadmill
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exercise on physical fitness and found that the
dogs’ thigh circumference measurements incre-
ased significantly at the end of 12 weeks. Thigh
circumference measurements have a high corre-
lation with muscle mass and have been used in
studies to indirectly measure muscle mass (27).
In our study, we found that there was a statisti-
cally significant increase in thigh circumference
measurements in the PTG compared to the CG
as a result of four weeks of NMES application
and exercise training. No increase in thigh musc-
le mass was observed in the CG.

In the hip joint, all the stabilisers work to ma-
intain joint kinematics. We know that stability
is not normal kinematics and that kinematics is
the key to normal joint health and function. Whi-
le failure of any one stabiliser can lead to loss
of normal kinematics and joint organ failure, fa-
ilure of one stabiliser can be compensated for
by others so that functional kinematics can be
maintained (28). Muscle atrophy can be used as
a clinical indicator to measure limb use. As the
dog begins to use the limb normally, the strength
of the thigh muscles increases (29,30). In their
study, Fischer et al. (31), who investigated the
relationship between muscle activity and gait,
stated that kinetic and kinematic analyses that
muscle activity produces more tissue response
and joint loading increases muscle activity, joint
stabilisation and muscle co-contraction.

The limitations of the study are that gait analysis
could not be performed with objective methods
and long-term effects of the treatment were not
presented. We assume that the difference in the
breeds of dogs does not affect the results of the
study. Because all dogs were compatible with
the exercises. However, in order to say anything
clearly on this issue, the same study needs to be
conducted on a single breed of dogs.

We think that the “HA + physiotherapy” prog-
ramme used in our study was more effective
than “HA alone” in reducing pain and increasing
muscle mass. Therefore, we can say that phy-
siotherapy programmes are beneficial and safe
in the treatment of dogs with hip OA. Physiot-
herapy programmes can be used to prevent the
development of muscle atrophy and lameness,
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especially from the early stages of the disease.

The results of this study are in line with other
studies in the literature. And has shown that
animal physiotherapy is an open and multidis-
ciplinary field of science for clinicians and aca-
demicians working in both physiotherapy and
veterinary medicine.

Sources of Support: None

Conflict of Interest: The authors declare no
conflict of interest.

Author Contributions: Concept — NA, EK; De-
sign - NA, EK; Supervision - EK, FEO; Materials -
NA; Data Collection and/or Processing — NA, SC;
Analysis and/or Interpretation — NA, EK, FEO, SC;
Literature Research — NA, EK; Writing Manusc-
ript — NA, EK; Critical Review - EK, FEO.

Acknowledgements: None.

Explanation: None.

REFERENCES

1. Mille MA, McClement J, Lauer S. Physiotherapeutic Strategies
and Their Current Evidence for Canine Osteoarthritis. Vet. Sci.
2023; 10(1):2. https://doi.org/10.3390/vetsci10010002

2. Meeson RL, Todhunter RJ, Blunn G, Nuki G, Pitsillides AA. Sponta-
neous dog osteoarthritis -a One Medicine vision. Nat Rev Rheu-
matol. 2019;15(5):273-287. doi:10.1038/s41584-019-0202

3. Clark N, Comerford E. An update on mobility assessment of dogs
with musculoskeletal disease. ) Small Anim Pract. 2023;10.1111/
jsap.13650. doi:10.1111/jsap.13650

4. Moore SA. Managing Neuropathic Pain in Dogs. Front Vet Sci.
2016;3:12. Published 2016 Feb 22.

5. Mathews K, Kronen PW, Lascelles D, et al. Guidelines for recog-
nition, assessment and treatment of pain: WSAVA Global Pain
Council members and co-authors of this document:. ) Small Anim
Pract. 2014;55(6):E10-E68.

6. Hielm-Bjérkman AK, Kapatkin AS, Rita HJ. Reliability and validity
of a visual analogue scale used by owners to measure chronic
pain attributable to osteoarthritis in their dogs. Am J Vet Res.
2011;72(5):601-607.

7. Quinn MM, Keuler NS, Lu Y, Faria ML, Muir P, Markel MD. Eva-
luation of agreement between numerical rating scales, visual
analogue scoring scales, and force plate gait analysis in dogs.
Vet Surg. 2007;36(4):360-367.

8. Loureiro A, Constantinou M, Diamond LE, Beck B, Barrett R. Indi-
viduals with mild-to-moderate hip osteoarthritis have lower limb
muscle strength and volume deficits. BMC Musculoskelet Disord.
2018;19(1):303.

9. Bieler T, Magnusson SP, Christensen HE, Kjaer M, Beyer N. Musc-
le power is an important measure to detect deficits in muscle
function in hip osteoarthritis: a cross-sectional study. Disabil
Rehabil. 2017;39(14):1414-1421.

10. Buckner SL, Jessee MB, Dankel S), Mattocks KT, Abe T, Loen-
neke JP. Resistance exercise and sports performance: The mi-
nority report. Med Hypotheses. 2018;113:1-5. doi:10.1016/j.
mehy.2018.02.006



20.

21.

Gupta RC, Lall R, Srivastava A, Sinha A. Hyaluronic Acid: Mo-
lecular Mechanisms and Therapeutic Trajectory. Front Vet Sci.
2019;6:192. Published 2019 Jun 25.

Turhan AU, Agll S, Gil O, Oner K, Okutan AE, Ayas MS. Treat-
ment of knee osteochondritis dissecans with autologous tendon
transplantation: Clinical and radiological results. World ) Orthop.
2021;12(11):867-876. doi:10.5312/wjo.v12.i11.867

Millis DL and Levine D, 2014. Assessing and Measuring Out-
comes. In Canine Rehabilitation And Physical Therapy, 2nd Ed,
Elsevier, pp:220-242.

Carapeba GO, Cavaleti P, Nicacio GM, Brinholi RB, Giuffrida R,
Cassu RN. Intra-Articular Hyaluronic Acid Compared to Traditio-
nal Conservative Treatment in Dogs with Osteoarthritis Associ-
ated with Hip Dysplasia. Evid Based Complement Alternat Med.
2016;2016:2076921.

Lee MI, Kim JH, Kwak HH, et al. A placebo-controlled study
comparing the efficacy of intra-articular injections of hyaluro-
nic acid and a novel hyaluronic acid-platelet-rich plasma con-
jugate in a canine model of osteoarthritis. ] Orthop Surg Res.
2019;14(1):314

Verrico CD, Wesson S, Konduri V, et al. A randomized, doub-
le-blind, placebo-controlled study of daily cannabidiol for the
treatment of canine osteoarthritis pain. Pain. 2020;161(9):2191-
2202. doi:10.1097/j.pain.0000000000001896

Taglietti M, Facci LM, Trelha CS, et al. Effectiveness of aquatic
exercises compared to patient-education on health status in in-
dividuals with knee osteoarthritis: a randomized controlled trial.
Clin Rehabil. 2018;32(6):766-776.

Dycus DL, Levine D, Marcellin-Little DJ. Physical Rehabilitation
for the Management of Canine Hip Dysplasia. Vet Clin North Am
Small Anim Pract. 2017;47(4):823-850.

Lesnak JB, Sluka KA. Mechanism of exercise-induced analgesia:
what we can learn from physically active animals. Pain Rep.
2020;5(5):e850

Vaz MA, Baroni BM, Geremia JM, et al. Neuromuscular electrical
stimulation (NMES) reduces structural and functional losses of
quadriceps muscle and improves health status in patients with
knee osteoarthritis. ) Orthop Res. 2013;31(4):511-516.

Melo Mde O, Pompeo KD, Brodt GA, Baroni BM, da Silva Junior
DP, Vaz MA. Effects of neuromuscular electrical stimulation and
low-level laser therapy on the muscle architecture and functio-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2024; 35(2)

Altinkaya N., Kavlak E., Ozgencil FE., Cagatay S.

nal capacity in elderly patients with knee osteoarthritis: a ran-
domized controlled trial. Clin Rehabil. 2015;29(6):570-580.
Mélsa SH, Hyytidinen HK, Hielm-Bjorkman AK, Laitinen-Vapa-
avuori OM. Long-term functional outcome after surgical repa-
ir of cranial cruciate ligament disease in dogs. BMC Vet Res.
2014;10:266.

Brown DC, Boston RC, Farrar JT. Comparison of force plate gait
analysis and owner assessment of pain using the Canine Brief
Pain Inventory in dogs with osteoarthritis. J Vet Intern Med.
2013;27(1):22-30.

Obeidat AM, Wood MJ, Adamczyk NS, et al. Piezo2 expressing
nociceptors mediate mechanical sensitization in experimental
osteoarthritis. Nat Commun. 2023;14(1):2479. doi:10.1038/
s41467-023-38241-x

Drygas KA, McClure SR, Goring RL, Pozzi A, Robertson SA,
Wang C. Effect of cold compression therapy on postopera-
tive pain, swelling, range of motion, and lameness after tibi-
al plateau leveling osteotomy in dogs. ] Am Vet Med Assoc.
2011;238(10):1284-1291.

Pellegrino FJ, Risso A, Relling AE, Corrada Y. Physical response
of dogs supplemented with fish oil during a treadmill training
programme. ) Anim Physiol Anim Nutr (Berl). 2019;103(2):653-
660.

Kim AY, Elam LH, Lambrechts NE, Salman MD, Duerr FM. Ap-
pendicular skeletal muscle mass assessment in dogs: a scoping
literature review. BMC Vet Res. 2022;18(1):280. doi:10.1186/
s12917-022-03367-5

Millis D, Janas K. Forelimb Examination, Lameness Assess-
ment, and Kinetic and Kinematic Gait Analysis. Vet Clin North
Am Small Anim Pract. 2021;51(2):235-251. doi:10.1016/j.
cvsm.2020.10.001

Tomlinson J, Nelson M. Conditioning Dogs for an Active Lifesty-
le. Vet Clin North Am Small Anim Pract. 2022;52(4):1043-1058.
doi:10.1016/j.cvsm.2022.03.008

Monk ML, Preston CA, McGowan CM. Effects of early intensive
postoperative physiotherapy on limb function after tibial pla-
teau leveling osteotomy in dogs with deficiency of the cranial
cruciate ligament. Am J Vet Res. 2006;67(3):529-536.

Fischer S, Nolte I, Schilling N. Adaptations in muscle activity to
induced, short-term hindlimb lameness in trotting dogs. PLoS
One. 2013;8(11):e80987.

205



