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KEY POINTS

e Land-based exercises using minimal equipment can be used to maximize functional
outcome following cranial cruciate ligament repair in dogs.

e Exercises can be demonstrated to pet owners for at home therapy.

o Research evidence supports benefits for dogs receiving rehabilitation therapy following
cruciate ligament repair surgery.

e Goals of therapy exercises include improved joint range of motion, proprioception,
weight-bearing, muscle mass, strength, balance, and prevention of injury.

@ Video content accompanies this article at http://www.vetsmall.theclinics.com.

INTRODUCTION

Rehabilitation therapy for postsurgical orthopedic veterinary patients has gained
awareness for its benefits including improving range of motion, posture, propriocep-
tion, muscle mass, gait retraining, strengthening, and endurance. Rehabilitation ther-
apy has been regarded as necessary for the recovery of correct functionality of the
limb in a review of the biomechanics and etiopathogenetic factors concerning cranial
cruciate rupture in dogs." Surgery for cranial cruciate ligament (CCL) repair is one of
the most common orthopedic procedures in dogs. Supporting evidence exists for
benefits of rehabilitation in postoperative CLL surgery patients.>™ After tibial plateau
leveling osteotomy (TPLO) procedure, physiotherapy can enhance muscle mass and
strength, stifle range of motion and prevention of muscle atrophy.* Rehabilitation ther-
apy in early limb use has been suggested to improve range of motion, muscle mass
and strength, balance, reduce lameness, and help prevent further injury.® A survey
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of veterinarians performing surgical treatment of CCL disease found a high proportion
recommend postoperative rehabilitation therapy.®

Clients may not have access to these benefits because of lack of local rehabilitation
facilities or financial limitations. These patients are generally in veterinary contact dur-
ing the initial 8-week recovery period and then may be lost to follow-up. The early
postoperative period is the optimal time when therapy can improve outcome and
veterinary-patient contact is present.

The goals of this article are to review postoperative CCL rehabilitation therapy for
dogs during the first 8 weeks postoperative. The exercises reviewed are those which
can be done with minimal equipment such as balance discs, cushions, cavaletti rails,
stairs and low incline hills, making it easy to incorporate in home care. The exercises
described in this article should first be demonstrated in the clinic for client education.
These exercises are practical for most CCL surgeries such as TPLO, tibial tuberosity
advancement, and extracapsular techniques. Nonsurgical or medical management
cases of CCL injury can also follow a similar protocol but the initial rest and inflamma-
tory reduction phase may need to be prolonged an additional week or more. In the
case of nonsurgical medical management, it should be kept in mind that there may
be instability and exercises that cause discomfort should be discontinued.

When possible, a full service rehabilitation facility should be recommended because
they can provide guidance, more options, and a tailored program. In cases where
additional surgery was done, such as patella luxation correction, care should be noted
on exercises that may cause stretch of the patella tendon early on, such as sit to stand
exercise. This exercise may be delayed an additional week or more. Communication
with the orthopedic surgeon is essential to be aware of any changes or concerns for
each patient.

Programs for home exercise should be kept simple to not overwhelm pet owners,
improve compliance, and reduce risks of complications. Suggested frequency is daily
the first 2 weeks and 4 to 6 days per week for 15 to 20 minutes of time weeks 3 to 8.
Weaker animals may require a reduced duration of time and repetitions. When patients
have limited physical capability, even simple techniques such as massage, range of
motion, and isometric standing exercises can be recommended that will have an influ-
ence on improving recovery. The physical ability of the pet owner should also be a
consideration when choosing home exercises to ensure the ability to carry through.

THE FIRST 72 HOURS

During the acute inflammatory phase of recovery, which is generally the first 72 hours,
treatments may be done in the hospital and continued at home for those discharged.
This time period is focused on reducing inflammation, pain control, beginning range of
motion and stimulation of vascularization and healing.” Therapy may include cryo-
therapy, passive range of motion (PROM), massage, weight shifting and supported
walking.

Cryotherapy is known to produce vasoconstriction; decreasing local blood flow, in-
flammatory response and edema, thereby reducing pain. Skin and underlying tissue
temperatures can be decreased to a depth of 2 to 4 cm, decreasing conduction veloc-
ity of pain nerve signals.® Cold therapy using gel-filled or grain-filled ice packs can be
applied 2 to 4 times daily for 10 to 20 minutes for the first 3 to 5 days after surgery.

PROM is a technique that allows for the diffusion of nutrients from synovial fluid to
cartilage, improves circulation and flexibility, and reduces tension of periarticular mus-
cles. The technique involves moving all limb joints through their range of flexion and
extension in a sagittal plane, working with each joint individually from distal to
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proximal. Patients should be laying in lateral recumbency and calm. Surgical joints can
be painful and have limited range of motion that will require slow, careful motion to
apply PROM safely. The limb should be supported above and below the joint and
then place the joint slowly into flexion and then into extension. This should only be
done to a degree that does not cause pain or tissue trauma and is not pushed beyond
what feels natural (Video 1). End range of motion will be more limited in the acute post-
operative joint due to inflammation and swelling. Treatments should comprise 10 to 15
repetitions every 6 to 8 hours.

Massage aids in myofascial release, enhances circulation, reduces edema, mini-
mizes muscle contraction and scarring, and reduces painful muscle spasms. Tech-
niques commonly used for animal patients are stroking, effleurage, and petrissage.
Stroking is slow gliding movements over the body using the palm of the hand in the
direction of fur growth, cranial to caudal, and proximal to distal. This helps in relaxation
and increase blood flow to the areas applied. Effleurage helps with fluid mobilization
and lymphatic drainage; the palms of the whole hand are used for long strokes with
light-to-moderate pressure distal to proximal and along the direction of muscle fibers
toward the flow of lymphatic and drainage back to the heart. Petrissage uses knead-
ing, compression, tissue squeezing, and skin rolling with moderate pressure. This
technique helps restore tissue mobility and assist with lymphatic return. It is important
to assure that massage is not uncomfortable to the patient and not used over areas of
tissue trauma such as directly over a healing surgical area. Areas commonly focused
on after hind limb surgery are the shoulders and hip flexors. These are areas that often
take on compensatory muscle tension due to altered weight-bearing distribution and
gait patterns.

Therapy exercises during this time period should be limited to standing weight shift-
ing and supported walking. Slings or harnesses can be used to help support the pa-
tient. Flooring should have good footing and covered with yoga mats or traction mats if
the surface is slick. Patients are usually non-weight-bearing to toe touching at this
phase. Standing weight shifting should be gentle and limited to causing mild unbal-
ance to elicit toe touching to the floor. This can be done for 1 minute 3 to 4 times
per day. Supported walking should be slow and controlled is limited to short time pe-
riods of less than 5 minutes to eliminate.

FIRST 72 HOURS TO 2 WEEKS

Patients are generally in home recovery and clients will need direction for therapy. This
time period is focused on improving the range of motion, isometric weight-bearing and
reducing compensatory problems in other muscle areas. PROM should be continued
and cryotherapy as needed. Slow leash walks to eliminate are generally still limited to
5 minutes, 3 to 4 times per day. Exercises commonly introduced to patients at this time
include weight shifting on a soft foam pad and stretches. During this phase of recov-
ery, stress on the patellar tendon should be avoided to prevent patellar tendinopathy.
Excessive flexion during weight-bearing is avoided and activities such as jumping,
running, stairs, and crouched walking position are not advised.®

Weight shifting exercises can be started on the ground level if the patient has min-
imal to no weight-bearing on the surgical limb. For animals that are already bearing
some weight, the challenge can be increased by having their front paws or all 4 limbs
on a low-balance pad or cushion (Fig. 1). Their body weight is shifted with gentle
nudges to elicit limb lowering and weight placement onto the affected limb. Move-
ments should be gentle enough to not cause stumbling but to obtain the desired ef-
fect. For some animals, this exercise will work better by directing head motion up
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Fig. 1. Weight shifting (A) Forelimbs on balance pad (B) All 4 limbs on balance pads.

and down and side to side in response for a food reward or toy. The head movements
will cause mild weight shifting and can be directed for a specific limb. For example,
head motion upward will shift weight to the hind limbs and to the right will shift
more weight to the right side. Weight shifting can be done for 30 to 60 seconds for
1 to 3 repetitions.

Stretching can help to reduce compensatory problems including muscle tension in
areas of the body taking extraload during recovery. Some stretches will also help in
improving weight-bearing onto the desired limb. Two stretches that patients can often
do during this phase of recovery are side bends and low step-up stretches. Side
bends are also commonly referred to as cookie stretches. Because the pet is standing,
the head is guiding to the right and then to left shoulder region in response to a food
reward or toy. The head should be held for 5 to 10 seconds in the right and left posi-
tion. The stretch can be taken first to shoulder then chest; if the patient is able to main-
tain form and balance, the stretch can then be continued to the hip (Fig. 2). This
exercise will stretch through the neck and shoulders, which are common areas of ten-
sion following hind limb lameness. Because the head turns to the right and left, mild
weight shifting is also elicited to the hind limbs on the same side, and paraspinal
and cervical muscles are stretched on the opposite side.

Step-up stretch involves having the patient place their front limbs up on a low eleva-
tion (Fig. 3). The height of forelimb elevation will be dependent on the size of the animal
and their comfort in hip extension. This exercise will aid in increasing weight-bearing to

Fig. 2. Side bend stretches (A) to shoulder level (B) to chest level (C) to hip level.
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Fig. 3. Step-up stretch for hip and stifle extension. (A) The step can be set lower for patients
unable to fully extend their joints comfortably (B) At a higher level for more hip extension.

the hind limbs and in improving hip extension. Following hind limb surgery, the iliop-
soas muscle is commonly tight or sore from compensation after lameness. This
stretch will help relieve hip flexor muscle tension, which will in turn improve limb
lowering and weight-bearing. The height of forelimb elevation should start low and
then increase to the level that is comfortable and maintain hind paws to the ground.
If the elevation is too high for the patient, they may be painful or lift the surgical leg
and not benefit from this stretch. The object used for forelimb elevation can include
a balance pad, exercise platform, low stair step, or other sturdy objects. Good traction
is important to avoid slipping, and a yoga mat can be used over the surface.

WEEKS 2 TO 4

At this phase in recovery, goals are to improve weight-bearing, proprioception, and
gaiting. Exercises in this phase include cavaletti rails, paw lifts, and figure eights.
Range of motion transitions from PROM to more active range of motion . We can begin
to increase slow-controlled leash walks to 10 to 15 minutes, with a harness or sling if
needed. Stretches should be continued and can be advanced to side bend stretching
to the hip level for patients agile enough. Height can be increased for step-up
stretches to allow more hip extension.

Cavaletti exercises have many benefits and can easily be done using makeshift ma-
terials. A curtain tension rod can be placed in a hallway at desired height. Alternative
objects that could be used include, broomstick handles, plastic pipes, or garden hose.
The objects should be placed a distance of one stride length of the patient apart. The
height should ideally start slightly above the dog’s carpus.'® The patient should be
directed to walk slowly over the objects placing one paw at a time without hopping
(Fig. 4). This will help with limb proprioception, improving stride length, joint range
of motion, limb weight distribution, and balance. Low cavaletti exercise studied in ki-
nematic motion analysis and found significant increase of flexion in elbow, carpal, sti-
fle and tarsal joints, and extension in carpal and stifle joints."” This makes it an ideal
exercise following stifle surgeries to improve the range of motion. Start this exercise
with 10-15 repetitiions once daily.

Single leg paw lift exercise involves gently lifting one limb off the ground to shift
more weight onto the desired limb. To shift more weight to the left hind limb, alternate
between lifting the right hind limb and then the right forelimb (Fig. 5). The opposite can
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Fig. 4. Cavaletti rail exercise using cones and poles.

be done if the surgical limb is the right hind limb. Lifting a forelimb will shift weight to
the diagonal hind limb. The limb should be gently lifted only 1 to 2 inches off the ground
without over abduction or adduction. Each limb can be lifted for 5 to 15 seconds and 3
to 10 repetitions, 1 to 2 times daily.

Figure eight exercises can be added, which is easy to have clients perform at home
by guiding the dog in a figure eight pattern around 2 marker objects. This exercise
helps improve spine lateral flexion, proprioception, use of hind limb abductors and ad-
ductors and stability in directional transitions. Starting with cones farther apart for
wide-based turns is ideal for smooth transitions and moving them closer as the dog
progresses for 3 to 8 repetitions (Fig. 6).

WEEKS 4 TO 6

Goals are to improve strength, stability, and endurance. Exercise challenge is added in
this phase with balance disc work, low incline walking, and sit to stands. Leash walk
time can generally be increased to 15 to 20 minutes. The patient’s ability and preinjury
routine walking endurance should be considered.

Fig. 5. Paw lift exercise (A)lifting right hind limb shifting to the left hind limb (B) Lifting
right forelimb shifting weight to left hind limb (The opposite can be done if the right
hind limb is the focus).
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Fig. 6. Figure eight exercise allows alternate limb weight-bearing, lateral spine flexion, co-
ordination, and balance work.

Weight shifting exercise can be advanced to stepping front limbs on a balance disc
and holding a stand for 10 to 60 second sets (Fig. 7). The mild elevation of the front
limbs will shift weight to the hind limbs and the balance challenge to the front limbs
will elicit muscle contractions for stabilization in the hind limbs. This exercise may start
by introducing the patient to the disc and reward them for placing a paw on the disc,
gradually working up to both front paws on and holding the stand position. For some
patients, a 10 to 20-second hold of this posture will be challenging enough to start,
and for others, 60 seconds may easily be obtained; 1 to 4 repetitions.

Gentle low-incline walking can be included in outdoor excursions where available.
Incline walking will increase hind limb weight-bearing and strength. Walking up the
incline surface shifts the patient’s center of gravity back increasing hind limb weight
load. Walking up hill can be assumed to be helpful in strengthening the muscles involved
in forward propulsion: biceps femoris, semitendinosus, and semimembranosus.’’

Fig. 7. Balance disc stand with forelimbs on shifting weight to hind limbs. The hind limbs
should be centered squarely under the pelvis and forelimbs under the shoulders, whereas
the head is directed slightly up.
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Alternatively, side walking along a hill side with the surgical limb on the up side of the hill
will engage more weight-bearing to this limb. Hill or side incline walking should be
started slowly with a few minutes per walk session. If this is difficult or causes increase
discomfort, it should be discontinued for the time being.

Sitting posture has often changed due to the reduced range of motion in the stifle,
limb off loading, and compensatory muscular tension or discomfort. Patients may side
sit onto one hip, rolling their pelvis under and extending hind limbs forward. This
posture will place strain on the low back and reduce hind limb engagement when ris-
ing, relying more on front limbs to pull up to stand. Start with sitting posture work when
safe and comfortable. For most patients that falls in week 4 of recovery. Dogs with
advanced joint disease may be uncomfortable and limited in stifle flexion. Sitting to
the ground may not be possible or comfortable. If they are able to partially lower to
a sit a towel roll or bolster may be placed under the pelvis to allow the dog to sit
with decreased stifle flexion in a more normal square sitting position. The elevated
sitting posture is also good for dogs not fully able to sit to the ground for sit to stand
exercises. In a square sit position, the tarsi are under the hips and the lumbar spine is
extended. Generally, manual assistance is needed to achieve this because it is not a
natural feeling for a dog to sit on objects. For dogs that are able to sit fully to the
ground but are placing the surgical limb lateral, a wall can be used as a guide. By hav-
ing the patient sit with the affected limb against a wall or between 2 objects, a square
sitting posture is reinforced. Reinforcement of this posture can simply be started by
just having the pet sit in this position for a few minutes at a time.

Starting from a sitting position in good form, sit to stand exercises can done for 3 to
10 repetitions (Fig. 8). This allows the sit to stand to be an effective exercise because
the pets are placed in a position where they can engage their hind limbs to push up to
stand. This is particularly helpful for weakened quadriceps muscles and also engages
biceps femoris, semitendinosus, semimembranosus, gastrocnemius, and gluteal
muscles. Sit to stand exercises can start after the subacute phase; however, waiting
until 4 weeks postoperative for patients recovering from a TPLO or patella luxation
correction is advised because this exercise could potentially cause patella tendon
strain if started too soon.

Once the patient is able to sit and stand readily and with ease, the challenge can be
increased by placing the forelimbs on low elevation to put more workload on the hind
limbs. Initially start with forelimbs on a low firm cushion and advance to forelimbs on a
balance disc or low platform such as an aerobics stepper. A bolster can again be used
under the pelvis for those dogs that have limited stifle flexion. Repetitions can increase
to 5 to 15 depending on the patient’s ability.

Fig. 8. (A) The dog is unable to fully sit due to reduced stifle flexion. (B) Improved sitting
position with a bolster under the pelvis. From this position, the hocks can be seated under
the hips. (C) The dog can then rise to a stand with effective hind limb push off.
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WEEKS 6 TO 8

During this time in recovery, patients are usually rechecking with the surgeon and ra-
diographs are repeated as recommended. More dynamic exercises can usually be
started past this point if the healing progress is going well. Goals are to continue to
regain muscle mass in the surgical limb, core strength for stability and prevention of
injury. Exercises that may be added in this phase include side and backwards step-
ping, diagonal paw lifts, all limbs on balance surfaces and stair steps. Leash walks
can continue to increase by an additional 5 minutes per week to reach their goal
walk time.

This is a good time to reevaluate any areas that are lagging in recovery such as mus-
cle mass, range of motion, weight-bearing distribution, or compensatory issues in
areas that took additional workload during recovery. Addressing this now is advisable
before moving on to full recovery and return to normal activity to avoid further injury.
Areas identified that need further work can guide the exercise program during these
weeks of recovery. Continue restriction of off leash play and running but the intensity
and duration of exercises and walks can be increased for those cases progressing as
expected.

Backwards and side stepping can be instituted to engage different muscle groups.
Backwards stepping will engage semitendinosus, semimembranosus, and gluteal
muscles.'? These can be done by standing on the side of the pet for side stepping
(Fig. 9) or in front guiding them back for backwards, taking several steps in each di-
rection. Start with 10 steps in each direction for 1 to 5 repetitions. For those patients
that are able, side stepping can be advanced to placing forelimbs on a balance disc
and pivoting to side step their hind limbs around the disc. The additional balance chal-
lenge will increase weight-bearing and stability in the hind limbs.

Core strength exercises can be added to the routine to help with injury prevention as
the patient prepares for return to activity. Paw lift exercises can be advanced to diag-
onal forelimb and hind limb lifts (2-leg stands) for those dogs who are ready to advance
from the single leg paw lift to 2-leg paw lifts (3-leg stands). Forelimbs on a balance disc
and hind limbs on a cushion, or another balance disc, can also be used as a core
strength exercise (Fig. 10).

Stair exercise can be a beneficial exercise in hind limb strengthening, range of mo-
tion and proprioception. Quadriceps and gluteal muscles are strengthened during
push off.’® Kinematic analysis comparing stair ascent to level land trotting found all
hind limb joints had a greater joint motion on stairs. Greater extension of the hip

Fig. 9. Side stepping exercise to engage adductor and abductor muscles. Start by facing a
lateral side of the dog and walking toward them to guide side stepping.
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Fig. 10. Core strength. (A) alternate paw lifts (B) advanced balance stands with all 4 limbs on
balance equipment.

and stifle and maximum flexion of the stifle and tarsal joints were also noted in stair
ascent.'* Stair reintroduction should be included in those cases where taking stairs
was a preinjury activity and when appropriate for the animal. Considering any other
concurrent orthopedic or neurologic concerns where this exercise should not be
advised. Stairs that have good traction, such as carpet, rubber mats or outdoor con-
crete should be used to avoid slipping during the recovery phase. The pet should be
guided on leash to take one stair at a time without leaping and bounding. If the dog is
comfortable with this, start with 1 to 3 repetitions of a short stair set (8-12 steps) during
their exercises.

BEYOND 8 WEEKS

The final phase of recovery is usually after 8 weeks when a slow return to normal ac-
tivity is granted. This decision should involve the surgeon to ensure that healing is
adequate to resume these activities. Osteotomies may not be fully healed until 8 to
12 weeks and for these patients, caution should be continued avoiding high-level ac-
tivities. Healing must be fully complete and strength gained before resuming sporting
activities. The slow return should take 4 to 8 weeks or longer for those animals who
previously had a higher level of activity. Exercises during this phase will be directed
based on the patient’s preinjury normal activity and goals.

Warming up before activity can help reduce injury. This can include a 5-minute walk,
some stretches, or cavaletti exercises. Trotting and running should only be started in
slow controlled increments before short sets of off leash activity are allowed. It is
advisable to choose a small confined area without other dogs initially. If increasing
the activity causes discomfort or soreness, it should be reduced to the tolerated level
and worked back up more slowly.

ADDITIONAL CONSIDERATIONS

Periodic assessments should be done to ensure healing and progression is at an
appropriate level before advancing to the next stage of exercise. A review of available
evidence for rehabilitation following CCL repair surgery recommended that rehabilita-
tion programs should be based on patient progress, individual assessment, and on
fundamental principles of tissue healing.’® Concurrent conditions that may cause
pain or limit the patient’s ability should always be considered. Pain control should
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be assessed throughout recovery using medications and pain-relieving modalities as
needed. Modalities commonly used in rehabilitation therapy may be incorporated
when available to provide adjunctive pain control such as laser, pulsed electromag-
netic therapy, electrical stimulation, and acupuncture. Weight management should
be included as part of the recovery process, particularly if the patient is over ideal
weight. Obesity will place additional stress on the joints and decrease the patient’s
ability to exercise. Advising on supportive devices and home modifications should
be included when needed. This may include slings, harnesses, ramps, traction run-
ners, or gripping paw covers to help avoid slipping injury.

SUMMARY

Therapy exercises can provide improved functional outcome for dogs following CCL
repair surgery. Benefits include improved range of motion, proprioception, muscle
mass, strength, balance, endurance, and prevention of injury. Even basic exercises
can provide benefits, and these can often be done in the home setting with instruction
given to clients. Exercises should be based appropriately for the phase of recovery,
the ability of the patient, and any concurrent medical problems.

CLINICS CARE POINTS

e Communication with the surgeon is important to be aware of any special patient concerns
and progress.

e Dog and pet owner’s ability and mobility should be considered when choosing appropriate
home exercises.

Frequency and repetitions should be tailored for the individual patient; start with one set of
a low number of repetitions and gradually work up.

Keeping the time commitment short will increase compliance for home exercises, such as 15
to 20 minutes per session.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found online at https://doi.org/10.
1016/j.cvsm.2023.02.013.
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