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ABSTRACT
The aim of this study was to determine the effectiveness of a rehabilitation program during recovery from surgery
in a dog with patellar dislocation and rupture of the cranial cruciate ligament. Manual techniques, active and passive
kinesitherapy and hydrotherapy were used in the study. Parametric methods were used to evaluate the effectiveness
of physiotherapy: goniometric measurements, lameness severity analysis, pelvic limb circumference measurements,
and a non-parametric method: a questionnaire. The results of our study showed that physiotherapy had a positive
effect on restoring normal gait and increasing muscle mass in the operated limb. The study confirmed the great
usefulness of rehabilitation in the recovery process after surgical stabilization of knee joint structures. Beginning
physiotherapy as soon as possible after the surgery is crucial to prevent the negative effects of limb immobilization.
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INTRODUCTION

The cranial cruciate ligament is the most impor-
tant anatomical structure stabilizing the knee joint
[Aleksiewicz et al. 2011, Millis et al. 2016]. Its damage
occurs due to degeneration developing with the age of the
dog and as a result of trauma, the destructive forces of
which significantly exceed the strength of the ligament.
Other causes of damage to this structure are metabolic,
nutritional, genetic diseases and abnormal anatomical
structure related to the tibial plane angle (TPA). The only
valid solution for ligament rupture is surgical treatment
[Millis et al. 2016]. Many surgical techniques have been
developed for stabilizing the ligament, which have been
assigned to the following groups: intra-articular, extra-
articular, and methods related to altering biomechanics
in the knee joint through tibial tuberosity grafting.

The second leading cause of lameness in dogs is dis-
location of the patella. This disorder leads to the devel-
opment of a severe pain response, lameness, and degen-
erative disease of the knee joint [Johnson et al. 2001].
There are two types of patella dislocation: medial and

lateral. Patellar dislocation to the medial side occurs in
small and miniature breed dogs as opposed to lateral, af-
fecting large and giant breed dogs [Di Dona et al. 2018].
The causes leading to destabilization of this patella are
related to nutritional, environmental, traumatic or genetic
factors. Untreated dislocation of the patella is the cause
of tearing or rupture of the medial collateral ligament,
the occurrence of cartilage degeneration and the appear-
ance of inflammation in the knee joint [Nganvongpanit
et al. 2017]. Conservative treatment is associated with
the administration of supplements and anti-inflammatory
drugs and rehabilitation. Surgical treatment involves sta-
bilization of the patella and includes several surgical ap-
proaches.

The yorkshire terrier is a breed that is particularly
predisposed to patella dislocation and rupture of the cra-
nial cruciate ligament [Taylor-Brown et al. 2015, O’Neill
et al. 2016]. Both conditions can occur simultaneously
and lead to instability of the knee joint, muscle atrophy,
pain, inflammation and stiffness of the joint resulting in
limited range of motion. A number of diagnostic meth-
ods have been developed to allow early diagnosis of knee
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joint pathology. This allows for immediate surgical treat-
ment to minimize the occurrence of severe musculoskele-
tal dysfunction. Surgical treatment seems to be the only
correct method leading to a permanent stabilization of
these anatomical structures.

Rehabilitation in both conditions is essential to re-
store motor function to the pelvic limb. Physiotherapy af-
ter surgical treatment of the damaged cruciate ligament
and patella dislocation focuses primarily on postopera-
tive pain relief, reduction of inflammation, restoration
of full range of motion of the knee joint, re-education
of active muscle stabilization and shaping propriocep-
tion in the knee joint. A key goal of rehabilitation is
also to achieve loading of the limb, thereby restoring
muscle mass [Chanoit and Sawaya 2007, Wąsiatycz and
Wąsiatycz 2012].

The aim of this study was to evaluate the effect of
a rehabilitation program on the degree of lameness and
changes in muscle mass and range of motion in the knee
joint in a Yorkshire terrier dog after surgical stabilization
of the patella and medial collateral ligament. The effect
of physiotherapy was assessed on the basis of measure-
ments of pelvic limb muscle circumference, range of mo-
tion in the knee joints, a lameness assessment card and a
questionnaire.

Hypothesis: The use of massage, kinesitherapy and
hydrotherapy after surgical treatment of patella disloca-
tion and rupture of the cranial cruciate ligament allows to
achieve the full range of motion at the knee joint, to in-
crease the muscle mass of the pelvic limbs and to restore
the normal gait pattern.

MATERIAL AND METHODS

A Yorkshire terrier dog, aged 9 years, patient of the
Centrum Veterinary Clinic in Bydgoszcz participated in
the study. Patient was admitted to the clinic with lame-
ness of the right pelvic limb and suspected rupture of
the anterior cruciate ligament of the right knee joint.
Clinical examination revealed decreased muscular con-
tour of the right leg in comparison with the left pelvic
limb. Observation of the dog’s gait revealed unilateral
grade 2/5 lameness of the right pelvic limb with toe rest
and external rotation of the knee. During manipulation of
the right knee, a partial intracranial drawer motion with
a soft endpoint was noted. Additionally, a medial patellar
dislocation of the fourth degree was noted on orthope-
dic examination. X-rays of the right knee joint taken in
medial-lateral and horizontal projections showed a tear
of the medial collateral ligament and a medial dislocation
of the patella. Based on the clinical and orthopedic exam-
ination, a provisional diagnosis of patella dislocation and
right anterior cruciate ligament rupture was established.

Due to postoperative complications the patient under-
went 3 surgical procedures for stabilization of the rup-

tured cranial cruciate ligament of the right pelvic limb.
Extracapsular stabilization (side-to-side suture), intra-
capsular stabilization (synthetic implant), and a method
to prevent tibial slippage in the intracapsular direc-
tion (TTA-Rapid) were performed. Additionally, surgi-
cal repositioning of the patella was performed using the
femoral block deepening technique. Four weeks after the
last surgical procedure, the patient was referred to the
rehabilitation due to lameness and significant muscle at-
rophy. During the rehabilitation program measures were
taken to improve muscles in the operated pelvic limb, to
relax tight muscles in both pelvic limbs and to improve
the range of motion in the pelvic limb after stabilization
of the cruciate ligament and patella.

Fig. 1. X-ray picture of the patient before the procedure
(Own material)

Manual therapy consisting of massage was used to
begin each therapeutic session. Stroking was used to ini-
tiate and intertwine the various massage modalities and to
conclude the manual therapy. The second massage tech-
nique was shallow and deep rubbing. It was followed
by shallow and deep kneading, and circular compression
and broomstick. The next step was shaking the muscle
parts and limbs. The manual therapy lasted 20 minutes.
After the massage, passive range of motion (PROM) ex-
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ercises were performed in the joints of the pelvic limbs
with stretching elements. 30 repetitions were performed
in each joint of the pelvic limbs. The following types of
passive movements were used: flexion, extension, inver-
sion, adduction and rotation.

The next form of rehabilitation was active kinesither-
apy. The training plan included balancing, snoppy ex-
ercise, sit-stand, manual limb relief in standing posi-
tion, walking on an uneven surface, active stretching, and
dancing. The exercises included were tailored to the ani-
mal’s fitness level and modified over time. Sensory discs,
Donut and Peanut balls, Cavaletti obstacles, uneven sur-
face mat, inclined surface, steps and slalom were used
during the course.

Hydrotherapy was an important element of the reha-
bilitation procedure, which contributed to the develop-
ment of muscle mass and improved the range of motion
of the right knee joint. It was carried out with the use
of a HYCON water treadmill type MACBD. The work-
outs lasted 20 minutes. Exercises in the water treadmill
were introduced from the first rehabilitation classes al-
ways after the massage. The water temperature during
the session was 24°C and the water level reached the pa-
tient’s shoulder joint. No countercurrent was used during
the rehabilitation procedure. The speed of the treadmill
belt movement was adjusted to the animal’s capabilities
and constantly controlled.

Progress monitoring during rehabilitation was per-
formed using the following research tools: measurement
of pelvic limb circumferences, measurement of the range
of motion in the knee joint of both pelvic limbs, lame-
ness rating scale and questionnaire. The first parameter
measured was the circumference of the muscle mass of
the pelvic limbs. It was performed in two places on both
pelvic limbs using a measure, indicating the result with an
accuracy of 1 mm. During the measurements, the dog was
in a recumbent position. The first measurement was taken
above the knee joint at mid-thigh, while the second mea-
surement was taken below the knee joint at mid-shank.
Measurements were taken three times at each location to
obtain a reliable result.

The next step was to measure the range of motion
of the knee joint of the right and left pelvic limb. A
SAEHAN goniometer was used to measure this parame-
ter. The passive range of motion of the joint during max-
imal extension and flexion of the limb in the knee joint
was measured. Each test was repeated three times to ob-
tain a reliable result. The measurements obtained were
compared with normative values based on literature data,
which assume 40–45° for flexion at the knee joint and
160–170° for extension [Millis et al. 2016, Levine et al.
2017]. Measurements were taken before and after the re-
habilitation session.

The severity of lameness was assessed by observing
the way the animal moved at trot and trot, at the first and

last rehabilitation session. The results of the gait anal-
ysis were then compared with Table 1, which includes
lameness scores. At the end of rehabilitation, the owner
completed a questionnaire collecting information on the
effectiveness of the rehabilitation program applied, relat-
ing to the animal’s daily functioning and activity. Sixteen
rehabilitation encounters were implemented. They took
place three times a week.

Fig. 2. X-ray picture of the patient after using the TTA-
Rapid technique (Own material)

To evaluate the results obtained from the pelvic
limb circumference and goniometric measurements of the
knee joint of both limbs, the collected results were com-
piled in Excel, where the arithmetic mean of the three
measurements taken at each rehabilitation session was
calculated. Then, after completing the physiotherapy pro-
gram, Student’s t-test was performed for samples with
the dependent variable using Statistica 13.1. PL program.
Significance of the differences in the mean values of the
measurements before and after therapy session were de-
termined at for P ≤ 0.05. The statistical analysis of mus-
cle measurements and range of motion in the joints con-
cerned the same part of the limb, for example the left
and right sides before rehabilitation and the left and right
sides after rehabilitation.
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Table 1. Degrees of severity of lameness [Milis et al. 2014]

Lameness score Description

0 Unchanged state

1 Slight, intermittent lameness

2 Marked lameness with pelvic limb loading

3 Severe lameness with pelvic limb strain

4 Intermittent lameness without weight on the pelvic limb

5 Continued lameness without putting weight on the pelvic limb

RESULTS

Table 2. shows the results of the measurements of the
right and left pelvic limb circumferences. The circum-
ferences within each pelvic limb differed statistically sig-
nificantly before and after the physiotherapeutic manage-
ment. This is due to the positive effect of rehabilitation
management on the increase of muscle mass. Comparing
the final values of the measurements of the right pelvic
limb affected by the injury in relation to the values of the
left pelvic limb, uneven muscle development is found.
The left pelvic limb was characterized by significantly
greater gains in muscle mass. In the operated limb, the
perimeters took a lower value and muscle growth was
slower compared to the non-injured limb. During the
physiotherapy program, equal values were not achieved
in both pelvic limbs.

Table 3. shows the results of goniometric measure-
ments of the knee joint in the healthy and surgically
treated pelvic limb. Extension and flexion in the left knee
joint before rehabilitation were within normal values. On
the other hand, in the right pelvic limb, a significant re-
striction of movement was observed, which was related
to the stiffness of the joint during both straightening and
bending, caused by long-term disuse of the limb. The re-
habilitation management applied contributed to statisti-
cally significant changes in the mobility of the right and
left knee joint. The techniques used resulted in an in-
crease in the angle during extension and flexion in the
right limb to normative values.

The measurement results in Table 4. showing the two
phases of the patient’s movement (walk and trot) were
for the right pelvic limb affected by the injury and sub-
jected to surgical interventions. It shows that the rehabil-
itation program applied allowed the complete abolition
of lameness in tarsus. However, a significant reduction to
light and intermittent lameness was achieved at the trot.
Before the physiotherapy treatment, the lameness in the
dog’s basic gait was intermittent with the limb not being
loaded. At the trot, there was continuous lameness asso-
ciated with not loading the limb.

The questionnaire completed by the caregiver indi-
cated that the rehabilitation techniques used increased
the animal’s activity. The owner observed a reduction in
lameness, which was associated with an improvement in

the dog’s comfort of living and willingness to undertake
daily activities such as walks, playing with household
members, going up and down stairs, and jumping on the
couch.

DISCUSSION

Degenerative changes leading to ligament rupture are
slower in small dog breeds than in large or giant breeds.
Therefore, this condition occurs in older dogs. The av-
erage age for small breed dogs in the work conducted by
Dyall and Schmökel [2017] was about 8 years. Wąsiatycz
[2010] describes as consequences of damage to the in-
tracranial cruciate ligament the occurrence of instabil-
ity in the knee joint, which contributes to the develop-
ment of osteoarthritis. In addition, pain is noticed, as well
as atrophy of the thigh muscles and weakening of the
strength of these muscles. The second main cause caus-
ing pelvic limb lameness is patella dislocation. Sterna et
al. [2017] in his work emphasizes that in small and minia-
ture breeds, dislocation of the patella to the medial side
occurs. In contrast, one of the main types of patients with
patellar dislocation are older dogs. Often within this pa-
tient group, destabilization of the patella is accompanied
by rupture of the intracranial cruciate ligament [Sterna et
al. 2017]. Yorkshire terrier dogs are predisposed to patella
dislocation due to, among other things, shallowing of the
femoral groove. This condition is accompanied by lame-
ness and reduced range of motion in the knee joint [Lik
2016]. This is confirmed by the case of a patient who un-
derwent rehabilitation treatment.

Wąsiatycz and Wąsiatycz [2012] emphasize the role
of physiotherapy in the recovery of the operated limb and
intensive rehabilitation procedures applied in a short in-
terval after surgery result in a faster and much more ef-
fective recovery of motor function of the injured limb.
Moreover, recommendations applied a few years ago,
consisting in limiting the animal’s activity and immo-
bilizing the limb for a few weeks, contributed to per-
manent pathological changes within the operated joint.
They prevented the animal from returning to full fitness.
Berte et al. [2012] indicated that rehabilitation should
start from the first day after surgery. This makes it possi-
ble to prevent contractures and thus muscle atrophy. Also,
Marsolais et al. [2002] studying the effect of early reha-
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Table 2. Measurement of the circumference of the healthy and operated pelvic limb, cm

Left side Right side

before after before after

Thigh 12.0 18.0* 10.3 12.0*

Shank 7.0 10.5* 4.4 7.7*

*means in the rows within one limb differed significantly (P < 0.05) before and after therapy.

Table 3. Measurement of the range of motion in the knee joint of the healthy and operated limb

Left side Right side

before after before after

Straighten 163 168* 138 169*

Bend 42 35* 51 41*

*means in the rows within one limb differed significantly (P < 0.05) before and after therapy.

Table 4. Evaluation of lameness before and after therapy

Lameness score

before after

Walk 4 0

Trot 5 1

bilitation on the restoration of functional limb function
after surgery for ruptured intracranial cruciate ligament
concluded that physiotherapy should be an indispensable
part of postoperative management. Their study showed
that the difference between the function of the healthy
limb and the operated limb in animals that had limited
exercise after surgery was significant. This relationship
can also be seen in the case of an individual who came
to the Zoophysiotherapy Laboratory nearly 4 weeks after
his last surgery. At the end of rehabilitation in our study,
muscle mass gains were observed in both pelvic limbs,
but the circumferences of the operated limb were smaller
compared to the healthy limb. Berte et al. [2012] and
Millis and Ciuperca [2015] also emphasize the important
impact of early application of rehabilitation, whereby it
is possible to limit the worsening of muscle atrophy in
the thigh and lower leg while rapidly rebuilding muscle
mass and strength. In addition, such action allows for
rapid achievement of full range of motion in the joints
and prevents muscle contractures.

Wąsiatycz and Wąsiatycz [2012] as methods used in
rehabilitation after surgical treatment of the cruciate cra-
nial ligament indicate: kinesitherapy (PROM, slow walk-
ing, walking on an inclined surface and steps, water tread-
mill, sit-stand exercise, Cavaletti obstacles, dance, walk-
ing on sand), massage, heat therapy, cryotherapy, electri-
cal stimulation, ultrasound. Chanoit and Sawaya [2007]
also recommends the use of massage, passive joint mo-
tion exercises, electrostimulation, cryotherapy, heat ther-
apy, ultrasound, hydrotherapy, stretching, slow walking
on a flat and uneven surface, manual limb decompres-
sion, exercises referred to as dancing and sit-ups, in-

clined surfaces and walking steps, and exercises using
sensory cushions. Lemos et al. [2009] emphasize that
there are differences in rehabilitation programs for pa-
tients depending on the degree of patellar dislocation.
They mention the following methods as helpful in the
elimination of limb dysfunction caused by this condi-
tion: passive joint range of motion exercises, stretching,
cryotherapy, electrostimulation, laser therapy, ultrasound
and active kinesitherapy, acupuncture, hydrotherapy. The
use of specific techniques depends primarily on the time
that has passed since the operation. In the initial stage,
the aim is to reduce pain, eliminate swelling, maintain
the range of motion in the joint, eliminate tension in
the muscles of the pelvic limbs, chest, back and neck.
The elimination of swelling within the operated joint, re-
duction of inflammation, and acceleration of tissue heal-
ing are achieved through the use of: massage, lymphatic
drainage, PROM passive exercises, cryotherapy, TENS,
laser therapy, sonotherapy, acupuncture, thermotherapy,
hydrotherapy, bicycle, stretching, and retraction reflex
stimulation [Lemos et al. 2009, Berte et al. 2012, Lik
2016, Levine et al. 2017]. In the final stage of surgical
care, elements of active kinesitherapy, passive kinesither-
apy, and hydrotherapy are used [Levine et al. 2017]. The
work performed included active and passive exercises,
manual techniques, and hydrotherapy using a water tread-
mill at each session.

In our study, the patient showed significant atrophy
of muscle mass in the operated right pelvic limb. The re-
habilitation management performed allowed the patient
to expand his muscle mass. However, the muscle growth
was not uniform; a significantly slower development was
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observed in the injured limb. This was indicative of ad-
vanced atrophy and significant limitation of the range of
motion and muscle tensions, which had to be eliminated.
The development of muscle mass was mainly influenced
by the applied active kinesiotherapy with the use of phys-
iotherapy equipment and a water treadmill. Hydrotherapy
resulted in a statistically significant increase in thigh and
shin circumference values in the pelvic limb undergoing
surgical intervention. Levine et al. [2017] highlight that
water characteristics such as viscosity and resistance sig-
nificantly contribute to muscle mass development.

Goniometric measurements prior to the rehabilitation
procedure, confirmed normal values were found during
extension and flexion of the left knee joint. However, in
the right pelvic limb, a significant restriction of move-
ment was noted due to stiffness of the joint during the
extension and flexion phases. This was caused by long-
term disuse of the limb due to postoperative complica-
tions. The application of physiotherapy treatments was
effective and contributed to the improvement of flexion
and extension angles in the right knee joint. According
to Monk et al. [2006], Wąsiatycz and Wąsiatycz [2012],
and Zink and van Dyke [2013], the following physio-
therapeutic methods have a beneficial effect on improv-
ing joint range of motion: passive joint motion exercises
combined with stretching, overcoming Cavaletti obsta-
cles, hydrotherapy, walking on an inclined surface and
steps, and active stretching using physiotherapy balls. In
addition, Mikail [2006] confirms the positive effect of hy-
drotherapy on the range of motion in the knee joints, as
well as the way the animal moves. Another study whose
results correlate with our own regarding the positive ef-
fect of aquatic treadmill on goniometric measurements
was the work of Preston and Wills [2018].

The study proved that rehabilitation using manual
techniques, passive and active kinesiotherapy helped to
reduce the degree of lameness. The physiotherapy ap-
plied allowed to completely eliminate lameness in the tar-
sus. A significant reduction to light and intermittent lame-
ness was achieved in the trot. Scientific reports by Lik
[2016], Millis et al. [2016] and Levine et al. [2017] ad-
dress rehabilitation programs that contribute to the elimi-
nation of lameness. These methods include slow walking,
forcing weight on the affected limb, balancing on therapy
balls, water treadmill, dance, Cavaletti obstacles, slalom,
and walking on an uneven surface. The results of a study
conducted by Innes et al. [2000] confirm that properly
conducted therapy in animals with damage to the medial
collateral ligament has a positive effect on limp reduction.
Monk et al. [2006] in their study found that active and
passive kinesitherapy contributes to a reduction in lame-
ness in dogs after surgical stabilization of the ligament.

Butterworth and Kydd [2017] used a questionnaire to
owners to verify the effectiveness of the physiotherapy
performed and its impact on the comfort of the animal.

Through it, they obtained independent results confirm-
ing the effectiveness of the subject of their study. The
non-parametric evaluation conducted in the framework
of our own work after the application of the rehabilita-
tion program had the same assumption. The questionnaire
completed by the caregiver indicated that the rehabilita-
tion techniques used increased the animal’s activity. The
owner observed a reduction in lameness, which was as-
sociated with an improvement in the animal’s comfort of
living and willingness to undertake daily activities such
as walks, playing with household members, climbing and
descending stairs, and jumping on the couch. This proves
that the rehabilitation procedure allowed the animal to re-
cover without any discomfort related to pain and lame-
ness.

CONCLUSIONS

The combination of manual techniques and kinesither-
apy improved the range of motion in the injured knee
joint. The rehabilitation methods applied allowed for the
development of muscle mass and the rehabilitation pro-
gram enabled the injured limb to be loaded again. The ap-
plied rehabilitation management significantly contributed
to the reduction of lameness caused by the patella and
the medial collateral ligament injury. Physiotherapy in-
creased the patient’s activity related to minimizing lame-
ness, which contributed to a significant improvement in
quality of life. It is justified to continue the research on
the role of rehabilitation in the elimination of limb dys-
function after complicated surgical treatment of patella
dislocation and cruciate ligament rupture.
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POSTĘPOWANIE REHABILITACYJNE PO OPERACYJNYM USTABILIZOWANIU RZEPKI
ORAZ WIĘZADŁA KRZYŻOWEGO DOCZASZKOWEGO U PSA – STUDIUM PRZYPADKU

STRESZCZENIE
Celem pracy było określenie skuteczności programu rehabilitacyjnego podczas rekonwalescencji po zabiegu chirur-
gicznym psa ze zwichnięciem rzepki oraz zerwaniem więzadła krzyżowego doczaszkowego. W badaniach wyko-
rzystano techniki manualne, kinezyterapię czynną i bierną oraz hydroterapię. Do oceny skuteczności fizjoterapii
zastosowano metody parametryczne: pomiary goniometryczne, analizę stopnia nasilenia kulawizny, pomiary ob-
wodów kończyn miednicznych oraz metodę nieparametryczną: ankietę. Wyniki badań własnych wykazały, że
fizjoterapia miała pozytywny wpływ na przywrócenie prawidłowego chodu oraz zwiększenia masy mięśniowej
w kończynie operowanej. Przeprowadzone badania potwierdziły dużą przydatność rehabilitacji w procesie rekon-
walescencji po operacyjnym ustabilizowaniu struktur stawu kolanowego. Rozpoczęcie fizjoterapii w jak najkrót-
szym czasie po wykonanym zabiegu jest kluczowe, aby zapobiec negatywnym skutkom unieruchomienia kończyny.

Słowa kluczowe: zoofizjoterapia, zwichnięcie rzepki, zerwanie więzadła krzyżowego doczaszkowego, hydrote-
rapia, pies
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