DEFINITIONS

Osteokinematics is the branch of biomechanics concerned with
the description of bone movement when a bone swings through
a range of motion (ROM) around the axis in a joint (i.e., flexion,
extension, abduction, adduction, rotation). Arthrokinematics
is the manner in which adjoining joint surfaces move in relation
to each other during bone movements. Arthrokinematic move-
ments occur as glides, rolls, or spins and accessory motions such
as distraction, shear, and compression. A roll is a rotary movement
(one bone rolling on another); a spin is also a rotary movement
(one body spinning on another). A slide or glide is a translatory
movement (sliding of one joint surface over another). Sarcopenia
is a gradual loss of muscle mass as a result of aging. Proprioceptive
neuromuscular facilitation (PNF) uses the body’s proprioceptive
system to facilitate or inhibit muscle contraction. By stimulating
the distal segments, the proprioceptors in the more proximal
segments are stimulated. The purpose of PNF is to enhance and
create movement in areas where the neurologic system has been
compromised.

OVERVIEW OF REHABILITATION THERAPY

Human physiotherapy, or physical therapy, is a relatively new
medical discipline that began in Sweden in the early 1800s;
modern physical therapy was developed in Britain in the early
1900s. Physiotherapy was initially focused on the treatment of
polio victims, but after the outbreak of World War I, the field
concentrated on helping to restore mobility to injured soldiers.
The first school of physiotherapy was established at Walter Reed
Army Hospital in Washington, DC.'

Interest in the veterinary derivative of human physiotherapy
began initially in the 1970s with the publication of a book called
Physical Therapy for Animals: Selected Techniques by Ann Downer,
PT. Shortly thereafter, national presentations to such groups as
the American College of Veterinary Surgeons, American Physical
Therapy Association, and the American Veterinary Medical
Association led to increased interest in canine rehabilitation.
Interest in canine sports medicine began at about the same time
with publication of Canine Sports Medicine and Surgery and
with the formation of the International Racing Greyhound
Symposium, associated with what was then known as the Eastern
States Veterinary Conference (now the North American Veterinary
Conference). Rehabilitation was a frequent topic at this conference
and was expanded to include all sporting dogs.” Today, physical
rehabilitation is becoming common in small animal practices.
These exercises and modalities are used not only for recovery
from orthopedic and neurologic conditions, but also for wellness
care and preventive medicine in the form of weight management
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and maintenance of muscle strength and conditioning, particularly
for athletes and geriatric animals. Current practices combine
the knowledge and skills of veterinarians, veterinary technicians,
human physiotherapists, and physiotherapy assistants. Formal
training and accreditation are now available for veterinarians
and veterinary technicians, and advanced specialty training is
available through the American College of Veterinary Sports
Medicine and Rehabilitation.

With advances in surgery and with an increasing number of
owners who regard their pets as family members, demand for
rehabilitation for veterinary patients is increasing. Postoperative
care focusing on decreasing pain, inflammation, and joint stiffness
while improving mobility and quality of life may result in shorter
hospital stays and improved patient and client well-being.
Rehabilitation for the veterinary patient with orthopedic or
neurologic disease has as its overlying principle a return to normal
mobility and neuromuscular function. The goals of rehabilitation
are first and foremost to relieve pain and ameliorate discomfort
while ensuring that the patient’s condition does not worsen,
particularly in the light of spinal instability or surgical
repair. Once pain control has been adequately addressed (see
Chapter 13), therapists can focus on restoring normal muscular
function, minimizing muscular atrophy and other secondary
problems, and improving and restoring mobility.

Rehabilitation therapy emphasizes return to function and
maximum recovery from the disease process or surgical procedure,
as well as the improvement of overall well-being, rather than
the treatment of a specific disease or diagnosis. Postoperative
orthopedic or neurologic surgery patients are among the many
patients that benefit from physical rehabilitation (Box 11.1).
Other patients include those with chronic osteoarthritis, severely
debilitated patients, oncology patients, obese patients (to aid in
weight loss), canine athletes and working dogs (to enhance
condition or performance), and patients with orthopedic or
neurologic disease that require nonsurgical management. Improve-
ment in pain control, joint ROM, muscle strength and coordina-
tion, balance and proprioception, and decrease in contracture
and fibrosis are some of the objectives of physical rehabilitation.
Return to function and recovery are achieved through the use
of the many different modalities and techniques discussed in
this chapter.

ROLE OF EXERCISE PHYSIOLOGY IN
REHABILITATION

Exercising animals rely on skeletal muscles to perform; skeletal
muscle performance is dependent on muscle fiber type. Tradition-
ally, muscles are classified as type I (oxidative or slow twitch)
or type II (glycolytic or fast twitch).” Postural muscles (i.e.,
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BOX 11.1 Benefits of Rehabilitation

Therapy

Decreased pain

Increased rate of recovery following injury or surgery

Improvement in quality of movement and performance

Increased strength and endurance

Improvement in flexibility and biomechanics

Reduction in the incidence of future injury both due to restoration of
normal biomechanics and through client/owner education

e Positive psychological effect for both the pet and for the owner

* Minimally invasive approach

* Minimal complications if administered properly

e o o o o o

Data from Niebaum K. Rehabilitation physical modalities. In: Zink MC, Van Dyke JB,
eds. Canine Sports Medicine and Rehabilitation. Ames, |A: Wiley-Blackwell;
2013:115-131.

quadriceps femoris) are capable of slow and sustained contraction
and contain more type I fibers than mobilizing muscles (i.e.,
gracilis muscle), which contain more type II fibers. Type I muscle
fibers may be considered the “endurance muscle fibers” and are
prominent in dogs that run long distances, such as sled dogs.
Type II fibers provide the power and speed muscles fibers
prominent in sprinting dogs, such as greyhounds. When compared
to humans, dogs have a high oxidative capacity in their muscles
because they are adapted for endurance activities’; nonetheless,
certain breeds (e.g., greyhounds) have more type II muscle fibers
than other dogs, making them better sprinters.

When muscles are immobilized, such as in casts or splints,
or following long periods of cage rest, muscle strength decreases
rapidly with as much as 50% of strength lost within the first
week. With disuse, postural muscles that contain more type I
fibers atrophy more than the mobilizing muscles containing type
I1 fibers. However, with geriatric sarcopenia the opposite is true;
more type II muscle fibers atrophy than type I fibers. This is an
important consideration in designing a rehabilitation program
for an athlete with muscle loss due to injury versus a geriatric
patient with age-related atrophy. Historically, veterinary ortho-
pedic postoperative care consisted of 6 to 12 weeks of cage rest
after surgery. This may be acceptable for fracture healing; however,
muscle physiology research has shown that the longer a muscle
is immobilized or not moved in a normal manner, the more
difficult it is to return that muscle to full strength and function.
All postoperative patients can benefit from a rehabilitation
program that starts as soon as possible after surgery to minimize
muscle atrophy and return the patient to full function as quickly
as possible.

Muscle contractions can be described as having two variables:
force and length. Force is either tension or load. Load is the force
exerted on the muscle by an object, and muscle tension is the
force the muscle exerts on an object. Isometric contractions occur
when muscle tension changes without a change in muscle length;
isotonic contractions occur when muscle tension remains the
same but muscle length changes. Canine rehabilitation is con-
cerned with isotonic contractions. Isotonic contractions occur
as either concentric or eccentric contraction. Concentric contrac-
tion occurs when the muscle contracts, tension in the muscle
increases, and shortening occurs. Eccentric contraction occurs
when the muscle contracts but lengthens because the tension
generated in the muscle is insufficient to overcome the load
pulling down on the muscle. The eccentric contraction is control-
ling the movement: it is the natural braking force that occurs

BOX 11.2 Modified Numerical Frankel

Scale for Dogs With Thoracolumbar
Intervertebral Disc Disease

Grade 0: Paraplegia with absent deep nociception

Grade 1: Paraplegia with absent superficial nociception

Grade 2: Paraplegia with intact nociception

Grade 3a: Nonambulatory paraparesis: ability to bear weight on pelvic
limbs without support

Grade 3b: Nonambulatory paraparesis: inability to bear weight on pelvic
limbs without support

Grade 4: Ambulatory paraparesis

Grade 5: Normal gait with paraspinal hyperesthesia

From Lee CS, Bently RT, Weng HY, Breur GJ. A preliminary evaluation of the
reliability of a modified functional scoring system for assessing neurologic function in
ambulatory thoracolumbar myelopathy dogs. BMC Vet Res. 2015;11:241.

during movement.’ Eccentric contractions tend to preferentially
strengthen type II muscle fibers, whereas concentric contractions
favor type I fibers. In general, in an exercise program concentric
exercises are performed first to help accustom the muscle to
movement. Eccentric exercises are added later because, although
they help develop strength, they have the potential to cause
muscle damage and delayed onset muscle soreness. A balanced
program between concentric and eccentric muscle contractions
is desirable.’

REHABILITATION EVALUATION

An ideal rehabilitation evaluation involves a thorough history,
physical examination, and a complete orthopedic and neurologic
examination, followed by a specific rehabilitation examination.
Historical data of interest to the rehabilitation professional include
onset and duration of the problem, body part involved, trauma
or activities associated with the injury, current pain score, lifestyle
and exercise habits, weight loss or gain, and type of surgery (if
any) performed. A general physical examination focusing on
any pathology affecting the cardiovascular, neuromuscular,
pulmonary, endocrine/metabolic, or integumentary system is
critical because all these systems can affect muscular performance.
It is also important to evaluate the patient’s psychological state
and willingness to perform any exercises, as well as the experience
of the owner or handler. Orthopedic and neurologic examinations
are discussed in Chapters 31 and 38, respectively; only the
rehabilitation examination is outlined here. A rehabilitation
examination is comprised of a thorough myofascial examination,
including muscle girth assessment, examination of each joint,
goniometric measurements, subjective and objective (force plate,
pressure mat, stance mat) lameness assessment, gait analysis,
pain score assessment, body condition score, muscle condition
score, modified Frankel score (Box 11.2), and—where available
and desired—dual energy x-ray absorptiometry assessment and
advanced imaging (i.e., computed tomography, magnetic reso-
nance imaging).’

Understanding gait and canine locomotion is vital to diagnosing
many neurologic and orthopedic conditions. When possible the
lameness evaluation and gait analysis should take place before the
other physical examinations because palpation of the muscles,
limbs, and joints may alter subtle lamenesses. Subjective lameness
evaluation involves visualizing the patient from all angles at both
a walk and a trot. It is often easier to detect lameness when the
patient is walking because it is a slower gait; however, subtle




PART ONE General Surgical Principles

BOX 11.26 Clinical Tips for Patients

With Osteoarthritis

e Many of these patients are obese and calorie and protein requirements

should be calculated. A dietary consult should be included for all
patients with osteoarthritis.

e This is a waxing and waning disease that needs to be treated with

multimodal therapy. Therapeutic exercises, laser, acupuncture, massage,
heat therapy, and underwater treadmills are appropriate for these
patients.

e These patients benefit from a home exercise program to help to

manage their disease.
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Apply new cast padding, replace the halves, and secure them with
elastic bandage.

NOTE A bivalve cast is used to supplement internal fixation devices,
such as bone plate and screws in fractures of the carpus, tarsus,
metacarpal and metatarsal bones and digits, and carpal or tarsal
arthrodesis. Bivalve casts may also be applied in very young animals
where minimal stability is required and rapid growth in a solid cast
might lead to skin complications.

Postoperative Care

Specific written instructions outlining proper at-home cast care
should be provided for the client. Casts should be evaluated 24
hours after application and weekly thereafter. Clients should

be instructed to observe the toes daily for evidence of swelling
(spreading the exposed toenails), excessive chewing or licking
at the cast, or a foul odor. Any of these signs requires that the
animal be evaluated immediately. The cast should be kept
clean and free of moisture. Instruct the client to place a plastic
covering over the cast when the animal goes outside. In growing
animals, the cast may need to be changed every 2 weeks; in
adults, the cast may last 4 to 6 weeks. Physical rehabilitation may
be necessary after cast removal to restore range of motion and
encourage rapid return to normal function (see Table 32.7 and
Chapter 11).

NOTE Be sure to have the owners check the toes daily and call
immediately if they note any swelling or other abnormalities.

TABLE 32.7 Sample Rehabilitation Protocol for Patient With a Diaphyseal Fracture

(Internal Fixation or External Fixator)

starting exercises;
massage from toes
toward heart

Passive range of
motion

10 repetitions 3 times
daily, all joints and
affected limb—start
above and below knee

if dog is using leg
well, decrease

Laser therapy Daily or every other day for

first week

Every other day for
first week then
twice weekly

Treatments/
Modalities Day 1-7 Day 7-21 3-4 Weeks 5-7 Weeks 8-12 Weeks
Pain medications As directed As directed PRN PRN PRN
Cryotherapy 10-15 min 3 times daily Use after exercise for ~ PRN PRN PRN
before walks or 15 minutes
exercises; first session
immediately after surgery
Heat therapy Apply heat to the PRN PRN PRN
muscles before
exercise or if dog is
stiff
Massage 5 min 3 times daily before Continue twice daily Twice daily Twice daily Only if desired

Continue twice daily;

Walks

Neuromuscular
electrical
stimulation

Balancing

sit to stand
Weaving/circles
Hills

Swimming

Cavalettis/obstacles/

Underwater treadmill

5 min supported leash
walk 2-3 times daily

10 min twice daily

Increase each walk by
2-3 min each week

10 min twice daily

5 min twice daily

5 min twice daily

2-3 min once daily

10 min 3 times

weekly after sutures
are removed®

Discontinue if dog
is walking well
and range of
motion is normal

Twice weekly Twice weekly Discontinue

15-20 min walks 2-3
times daily

Increase by 5 min  Increase by 5 min each
each week week

Discontinue if dog
is doing well

5 min twice daily Unileg standing up to

5 min

Replace with hill walks

5 min twice daily 5 min twice daily 5 min twice daily

5 min twice daily 5 min twice daily 5 min twice daily

Increase to 10
minutes twice daily

Zigzag low slow hills 5
minutes up and down®

15-30 minutes twice
weekly until released
from rehab®

10 min 3 times 15-20 min twice weekly®

weekly”

8 wk post-internal
fixation for 5-10 min
if all healed®

*Wait until after 8 wk for external fixators.
°For external fixators, wait until device is removed at 14+ wk to start water therapy.
°For external fixators, wait 4 wk after device is removed.
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EXTERNAL FIXATORS

LINEAR EXTERNAL FIXATOR

Indications and Biomechanical Principles

External skeletal fixators are a versatile and affordable treatment
for long bone fractures, corrective osteotomies, joint arthrodesis,
and temporary joint immobilization. They are not indicated for
articular fractures and are rarely used for pelvic and spinal
fractures. External fixators are well suited for stabilization after
closed reduction of comminuted fractures. External fixators can
be adjusted during and after surgery to improve fracture align-
ment. The functional period for external fixators varies depending
on the frame constructed, but it is related to the onset of pin
loosening.

Fixation frames are classified by the number of planes occupied
by the frame and the number of sides of the limb from which
the fixator protrudes. Using this system, common frames are
unilateral-uniplanar (type Ia), unilateral-biplanar (type Ib),
bilateral-uniplanar (type II, further divided into maximal type
II frames filled with full pins and minimal type II frames con-
structed with a minimum of two full pins), and bilateral-biplanar
(type III) (Fig. 32.21).

Fixation frames can be created to meet initial mechanical
stabilization needs of the fracture and can subsequently be
modified or destabilized to provide optimal stabilization through-
out the healing period. Factors influencing the strength and
stiffness of the fixator and its ability to resist the axial loading,
bending, and rotation associated with weight bearing include
pins (type, size, number, location, and length), connecting bars
(number and material), frame configuration (unilateral, bilateral,
and biplanar), and fracture configuration (Box 32.7). Threaded
pins have an interlocking hold with the bone and resist pull-out

Type la Type Ib

Maximal Type Il

and loosening. Increasing pin diameter increases pin stiffness
exponentially, but pin diameter should not exceed 25% to 30%
of the bone diameter. Increasing the number of fixation pins in
the proximal and distal major fragments increases the fixator’s
stiffness and enhances the distribution of the physiologic loads
among pins. This is true for up to four pins per major proximal
and distal fragment; beyond this number the increase in mechani-
cal advantage is negligible. Locating pins both close to the fracture
and at the ends of the bone increases the stiffness of the fixation
and decreases the motion at the fracture site. Decreasing the
distance between the bone and the fixation clamp (decreasing
the working distance of the pin) by orienting the clamp so the
pin-clamping bolt is closest to the skin increases the fixator’s
stiffness.

Increasing the number of bars and pin planes increases
the strength and stiffness of the fixator. Types Ia, Ib, II, and
III external fixators are successively stronger and stiffer. The

BOX 32.7 Key Concepts for Increasing
the Strength and Stiffness of an
External Fixator

Predrill before inserting positive profile threaded pins.

Increase the pin numbers (up to four pins per bone segment).
Increase the pin size (up to 25% of bone diameter).

Locate pins near the joints and near the fracture.

Decrease the distance between the bone and the pin-clamp
interface.

Increase the connecting bar size or use augmentation plates.

e |ncrease the number and planes of connecting bars.

e Tie the intramedullary pin into the fixator frame.

Minimal Type Il Tie-in

FIG. 32.21 Position of external bars and nomenclature for common external fixator frames.
(Second and fourth images modified from Johnson AL, Dunning D. Atlas of Orthopedic Surgical
Procedures of the Dog and Cat. St. Louis: Elsevier; 2005.)
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they lie in the frontal plane of each segment. Place the pins per-
pendicular to the bone surface and parallel to the adjacent joint
line to facilitate restoring limb alignment. If necessary, use these
pins to apply traction to the limb to aid in fracture reduction.
Reduce the fracture, place the appropriate number of empty pin
grippers on each external bar to accommodate placement of the
preplaced pins and subsequent intermediate pins, and connect the
proximal and distal full pins to the medial and lateral connecting
bars. Insert intermediate pins as half pins or full pins. Determine
which pin type to use based on the fracture assessment score.
Commercial aiming devices help direct the fixation pins used
in maximal type II frames to the contralateral clamp. A guide
device can be constructed with an additional connecting bar
and clamp. Once all the intermediate pins are in place, tighten
the pin grippers and take a radiograph of the limb to assess fracture
reduction and pin placement. Trim the fixation pins to prevent
injury to the owners and immediate environment.

Bilateral-Biplanar (Type Ill) Fixator

Type III configurations cannot be applied to the femur or humerus
because of the position of the body wall. Type III frames are
only indicated in very large dogs with low fracture assessment
scores. To apply type I1I fixators to the radius or tibia, place a type
II in a frontal plane, then place a type Ia frame in the midsagittal
plane (a vertical plane that divides the limb into lateral and medial
sections).

External Skeletal Fixators With Intramedullary Pins

Humeral and femoral fractures are not usually stabilized with
external skeletal fixators alone because the most stable frames
(type I1 and type I1I) cannot be applied to these bones. To provide
the strength and stiffness desired with complicated humeral or
femoral fractures, a combination IM pin and type Ia or type Ib
external fixator is often used (see Fig. 32.21). The fixation pin
design and number of fixation pins are based on the fracture
assessment score, but normally the number of fixation pins is
limited to two or three pins placed above and below the fracture.
More fixation pins are not used because the greater the number
of pins, the more intense the discomfort associated with pins
placed through the large muscle groups. Begin by reducing the
fracture and inserting an IM pin that fills 30% to 40% of the
medullary canal. Use of an IM pin the same diameter as the pin
shank of the fixation pins used in the fixator facilitates attachment
of the IM pin to the fixation frame in tie-in configurations. Use
cerclage wire to support long oblique fractures or spiral fractures.
If multiple fragments are present, bridge the comminuted section
of bone with the IM pin and external fixator without disturbing
soft tissue attachments to bone fragments. Once the fracture is
reduced and the IM pin has been placed, add the external fixator.
Use the largest size fixation pin that does not exceed 25% of the
diameter of the bone and will pass adjacent to the IM pin. If unsure
about the track of the IM pin inside the bone relative to the chosen
site for insertion of a fixation pin, drill the proposed fixation pin
site with a small Kirschner wire. If the IM pin is encountered, select
an alternative location; otherwise insert the fixation pin at this
site. Insert the intermediate pins through preplaced pin grippers
as described earlier. Connect the fixation pins to an external bar
placed 1 cm from the skin surface. Increasing the number of fixation
pins strengthens the external fixator but also increases postopera-
tive discomfort. Two methods are used to strengthen external
fixators without increasing the number of pins. One method is
to add more external bars (the addition of a single external bar

doubles the strength of the system), or an augmentation plate
can be added with the Securos fixator. Additionally, the IM pin
may be left protruding above the skin surface at the exit point
proximal to the greater trochanter. The IM pin is then “tied”
into the external fixator by connecting the two with an additional
short segment of external bar (see Fig. 32.21).

Acrylic Splints

Application of acrylic splints involves a one-stage or two-stage
technique. The advantage of two-stage techniques is that pin
placement and fracture reduction can be assessed before hardening
of the acrylic. If the single-stage technique is used and if post-
operative radiographs show fracture reduction or fixation pin
placement to be unsatisfactory, a small section of the acrylic
column must be removed before corrective measures can be
taken. With either technique, insert the fixation pins in the bone
fragments following the same principles and guidelines described
for construction of standard external fixator frames. Place acrylic
column-molding tubes over the ends of the fixation pins 2 cm from
the skin surface. If using a single-stage technique, reduce the fracture
and pour the acrylic into the columns. Place saline-moistened sponges
or use a saline drip on the fixation pins to dissipate heat generated
by the acrylic. Allow the acrylic to cure for 5 to 10 minutes. If using
a two-stage technique, place the tubes over the ends of the fixation
pins, but do not add the acrylic. Instead, reduce the fracture and
apply a temporary alignment frame. Take radiographs to assess
pin placement and fracture reduction; if satisfactory, pour acrylic
into the columns and allow it to cure. If alignment needs to be
changed after the acrylic has hardened, cut the acrylic column(s)
at the fracture line with a saw. Once the appropriate adjustments
are made, patch the acrylic column by adding new acrylic to fill
the gap. Peel the plastic molding back from each end at the gap,
and drill several holes in the remaining acrylic to provide a site of
attachment for the old and new acrylic. Mold a small amount of
new acrylic by hand and place it into the gap, then allow the acrylic
to cure.

Postoperative Care

Postoperative analgesia should be provided (see Boxes 32.1 and
32.2 and Table 32.4). Immediately after surgery, the pin-skin
interface should be cleaned with antiseptic solution using cotton
swabs. Incisions around the pins should be released or extended
if there is skin tension around a pin during limb flexion and
extension. Sterile gauze sponges are opened, crumpled, and placed
around and between fixation pins and the limb wrapped with
an elastic bandage material. After surgery, the pin-skin interface
should be cleaned and the bandage changed daily. After approxi-
mately 1 week, gauze packing may be discontinued. A bandage
may be applied to the fixator bars and pins to protect the frame
and the animal’s environment. The pin-skin interface should be
cleaned daily until little or no serosanguineous transudate is
noted at the surface. Once the interface seals, the daily observations
should continue. Activity should be restricted to leash walking
and physical rehabilitation until the fracture has healed. Physical
rehabilitation encourages controlled limb use and optimal limb
function after fracture healing (see Table 32.7 and Chapter 11).
After the animal has been released from the hospital, postoperative
examinations should be done at 2 and 6 weeks after surgery,
then every 6 weeks. The pin-skin interface should be carefully
examined and the clamp and skin observed for separation. If
irritation or drainage is present, the involved skin surface should
be cleaned and the area around the pins packed with gauze.
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Positioning

Clip the limb from the dorsal midline to the tarsus, and position
the patient in lateral recumbency. A hanging-leg preparation
facilitates manipulation of the limb during surgery.

SURGICAL TECHNIQUE

Expose the stifle joint and the distal femur through a liberal cra-
niolateral incision (see Fig. 34.113). Elevate and release adhesions
between the quadriceps muscle group and the femur with sharp
dissection. Release adhesions between the fibrous joint capsule and
the femoral condyles. Luxate the patella medially, and flex the joint
to its full extent. If a functional range of motion (greater than 40
degrees) is not achieved after the adhesions are released, perform
a quadriceps muscle-tendon unit lengthening procedure.

Z-Plasty

Make a longitudinal incision through the center of the muscle-
tendon unit beginning 8 to 10 cm proximal to the patella. Extend
the incision distally to a point 3 cm proximal to the patella. At
the proximal extent of the longitudinal incision, make a trans-
verse incision laterally through the muscle and fibrous tissue. At
the distal extent of the longitudinal incision, make a transverse
incision medially through the muscle and fibrous tissue. Flex the
stifle, and allow the cut edges of the longitudinal incision to slide
on each other. When a functional range of flexion is achieved,
place interrupted sutures across the longitudinal incision to
maintain the desired length of the quadriceps muscle-tendon
unit.

Muscle Release

Extend the lateral incision to expose the proximal femur. At the
level of the third trochanter, elevate the quadriceps from the medial,
lateral, and caudal surfaces of the femur. Incise through the origins
of each muscle group to release the quadriceps, and allow distal
sliding of the muscle group. Release the vastus intermedius near
its point of origin on the ilium. Close the surgical wound using
standard methods.

Transarticular Fixator

Insert a half-pin just below the third trochanter of the femur using
an end-threaded transfixation pin, and insert a full pin through
the tibia 4 cm above the tarsus, using a centrally threaded trans-
fixation pin. Maximally flex the stifle joint, and maintain this
position with a heavy rubber band connecting the proximal and
distal transfixation pins. Fashion a bandage around the paw, and
connect it to the distal transfixation pin to maintain a functional
angle of the tarsus.

SUTURE MATERIALS AND SPECIAL INSTRUMENTS

Self-retaining retractors and a periosteal elevator assist tissue
retraction and reflection. Instruments for placement of pins are
necessary if a transarticular fixator is placed postoperatively.

POSTOPERATIVE CARE AND ASSESSMENT

After application of a transarticular fixator for quadriceps muscle
contracture, pin-to-skin interfaces must be cleaned daily (see p.
1002). Passive flexion and extension of the stifle joint and tarsus
should begin as soon as the patient allows limb manipulation

(see Table 32.7). Joint movement should be repeated 20 to 30
times and at least three times daily; increased frequency of
manipulation improves rehabilitation. The external fixator should
be maintained for 3 to 5 weeks. Physical rehabilitation should
be continued for an additional 5 weeks after it is removed. If a
90/90 flexion bandage is applied, it should be maintained for 3
weeks. After bandage removal, passive flexion and extension of
the joint should be performed as described previously.

PROGNOSIS

The prognosis after surgery for quadriceps muscle contracture
is guarded and depends on the degree of degenerative joint
changes present and on whether a functional range of motion
is obtained at surgery.* The prognosis is fair for functional limb
use, but contracture may recur following surgery. A normal range
of motion is seldom achieved, and most animals are able to flex
the stifle only 45 to 90 degrees.

GRACILIS AND SEMITENDINOSUS
FIBROTIC MYOPATHY

DEFINITIONS

Muscle contracture or fibrosis may occur when normal muscle-
tendon unit architecture is replaced with fibrous tissue, resulting
in functional shortening of the muscle or tendon. This shortening
may cause abnormal motion in adjacent joints. Synonyms include
hamstring contracture, gracilis or semitendinosus contracture, and
gracilis or semitendinosus myopathy. Myopathy is a general term
used to describe disease of the musculature.

GENERAL CONSIDERATIONS AND CLINICALLY
RELEVANT PATHOPHYSIOLOGY

Gracilis or semitendinosus fibrotic myopathy occurs most often
in German shepherd dogs or Belgian shepherds. Fibrotic myopathy
of the iliopsoas and the sartorius muscles has also been reported.”
The cause of fibrotic myopathy is unknown but is hypothesized
to be trauma, immune-mediated disease, or neuropathy. The
musculotendinous junction is consistently thickened and fibrotic.
A fibrous band is associated with the caudolateral border of the
gracilis muscle. The muscle fibers are replaced with dense fibrous
connective tissue, causing a nonpainful lameness. Approximately
50% of dogs have bilateral limb involvement.

DIAGNOSIS

Clinical Presentation

Signalment

Gracilis or semitendinosus myopathy occurs in young adult,
male German shepherds and in Belgian shepherds. Traumatic
gracilis muscle injuries occur in greyhounds.

History

Usually a history of insidious onset of rear limb lameness is
characterized by an altered gait associated with gracilis or semi-
tendinosus myopathy.

Physical Examination Findings

Dogs with gracilis or semitendinosus myopathy have a shortened
stride, rapid elastic medial rotation of the paw, external rotation
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Performing and interpreting a neurologic examination in dogs
and cats requires a working knowledge of functional and dys-
functional neuroanatomy; an in-depth understanding of neu-
roanatomy is not necessary for proficiency in localizing their
neurologic lesions. A neurologic examination is performed in a
systematic fashion and can, in most cases, be done within 10 to
15 minutes. The two important questions to be answered by the
neurologic examination are (1) Does the patient have neurologic
disease? and (2) If so, where is the lesion? A number of principles
should be followed when localizing lesions in small animals.
Although fairly specific neurologic localization should be
attempted, all lesions will be in one of three general locations:
brain, spinal cord, or peripheral nervous system. The anatomic
subdivisions within each of these locations are provided in
Box 38.1. The order chosen for the various tests performed during
the neurologic examination is not important, but the order of
the examination should be consistent so that nothing is forgotten.
Manipulations that may result in a painful patient response
should be done at the end of the neurologic examination. The
neurologic examination may need to be modified in certain
situations (e.g., hemiwalking would not be advised in a suspected
thoracolumbar fracture/luxation patient). Performing abbreviated
neurologic examinations or “quick looks” should be avoided;
the responsibility for incorrect localization of a lesion will fall
upon the examiner, and having performed an incomplete
neurologic examination will not be a viable excuse for an error.
Ambulatory patients should be allowed to navigate the examina-
tion room before the “hands on” part of the neurologic examina-
tion. This allows the surgeon to evaluate for circling behavior,
visual deficits (e.g., bumping into objects), and gait abnormalities.
Palpation of the entire animal is recommended to evaluate for
areas of muscle atrophy, particularly in thick-haired patients in
which atrophy is less visible. The components of a standard
neurologic examination include evaluation of mental status,
cranial nerves, attitude/posture, gait, postural reactions (pro-
prioception), spinal reflexes, and nociception (normal and
abnormal pain responses).

MENTAL STATUS

A patient’s mental status reflects the integrity of the cerebrum,
as well as parts of the brainstem (ascending reticular activating
system). Anatomically, the diencephalon is the rostralmost aspect
of the brainstem. Because diencephalic lesions cause clinical signs
that are often indistinguishable from cerebral lesions, the term
forebrain (cerebrum/diencephalon) is often used clinically to
distinguish this part of the brain from the remainder of the
brainstem. The major subdivisions of the brain are displayed

The Neurologic Examination and

Relevant Neuroanatomy

graphically in Fig. 38.1. In dogs and cats with altered mentation,
it is sometimes necessary to describe both the quality and the
content of mental status. The quality of mentation refers to the
level of alertness; this ranges from a normal level of alertness to
coma. Between these two extremes are obtundation and stupor
(Table 38.1). Obtunded animals tend to appear depressed, listless,
and disinterested in spontaneous activity. Although these patients
often appear drowsy, they are easily aroused with a minor stimulus
(vocal cues, other noises). Unlike other forms of depression (e.g.,
those due to metabolic disease), obtunded patients are often
described as appearing “out of it.” Stupor describes a dog or cat
that is not conscious but can be aroused with a strong stimulus
(e.g., toe pinch). Coma refers to a state of unconsciousness that
persists even after the application of a strong stimulus. Although
not absolute, stupor and coma are often indicative of brainstem
lesions (i.e., midbrain through medulla), whereas obtunded
mental status is often associated with forebrain disease (i.e.,
cerebrum/diencephalon). Some patients, particularly those with
forebrain dysfunction, will display an alert (but abnormal) quality
or level of mental status with abnormal content of consciousness
(e.g., dementia associated with cognitive dysfunction). Behavioral
abnormalities are separate from mental status changes, although
a fine line may be present between these two assessments. Subtle
behavioral changes may not be apparent to the examiner; in
such situations, the owner’s assessment of their pet’s behavioral
status is crucial.

CRANIAL NERVES

The twelve cranial nerves and their associated functions are
summarized in Table 38.2. The locations of these nerves in relation
to the brain subdivisions from which they originate are shown
in Fig. 38.2. Cranial nerve examination is straightforward and
easily performed. It is customary and appropriate for the clinician
to think of each cranial nerve in terms of its region or origin in
the brain because dysfunction of a cranial nerve may represent
damage to the neurons in a nucleus comprising that nerve (brain
lesion) or to the nerve itself. It should be kept in mind that these
nerves must travel a variable distance to their respective foramina,
so there are clinical situations in which a specific cranial nerve
is compromised at some distance from its associated brain
subdivision (e.g., cavernous sinus syndrome). The cranial nerves
and their respective brain origins are as follows: cranial nerves
(CNs) I and II—forebrain (cerebrum/diencephalon); CNs III
and IV—midbrain (mesencephalon); CN V (motor only)—pons
(ventral metencephalon); and CNs VI through XII—medulla
(myelencephalon). The sensory nucleus and the tract of CN'V
is very extensive and is found from the midbrain rostrally to the
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FIG. 38.2 Ventral aspect of the feline brain, showing relative
anatomic positions of the cranial nerves.

FIG. 38.3 The menace response is elicited by making a threaten-
ing gesture at the eye, which should induce a blink.

<—Retina— SP

Ciliary 7
ganglion

——Optic nerve (CN II)

—— Optic chiasm
~— Optic tract

Oculomotor
nerve (CN III)

« PTN

«PN3 LGN—

\MN3

FIG. 38.4 Neuroanatomic pathways for vision and papillary
constriction. LGN, Lateral geniculate nucleus; MN3, motor nucleus
of cranial nerve lIll; PN3, parasympathetic nucleus of cranial
nerve lll; PTN, pretectal nucleus; SP, sphincter pupillae muscle.
(Modified from Dewey CW. A Practical Guide to Canine and
Feline Neurology. 2nd ed. Hoboken, NJ: Wiley-Blackwell; 2008.)

FIG. 38.5 Dog with severe masticatory muscle atrophy.
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Wobbler syndrome (Continued)
intramedullary pins in, 1385, 1386f
Steinmann pins and

polymethylmethacrylate in,
1385, 1386f
undercutting of ventral slot in,
1384-1385, 1385f
Wound breaking strength, 61
Wound cleansers, 184, 184¢, 188—189
acetic acid as, 189
chlorhexidine diacetate as, 184t, 188
commercial, 184¢, 188
Dakin’s solution as, 189
hydrogen peroxide as, 189
lactated Ringer’s solution as, 184, 184t
normal saline as, 1841, 185f
Normosol-R as, 184t
povidone-iodine as, 184t, 188189
tap water as, 184, 184¢, 188
tris-EDTA, 184t, 189
Wound closure, 193-194
bandages in, 194-204
bandaging techniques for, 203-204
materials for, 195-201
types of, 201-203
drains in, 191-192, 191/~192f, 192b
factors affecting decision of, 193
primary, 193
delayed, 193
secondary, 193-194
staples in, 190-191, 190f
sutures in, 190
tissue adhesives in, 191
tourniquets in, 192-193, 193f
Wound contraction, 181
factors that may affect, 195, 1950
Wound dressing(s). see also Bandage(s).
activated charcoal, 197t198¢, 200
adherent, 195, 1971198t
dry, 195
dry-dry, 1971-198¢
wet, 195
wet-dry, 197-198¢
adhesive, 197t-198¢
skin-protectant film or skin sealant,
195-196, 1971198t
transparent vapor-permeable film, 200
antimicrobial
other, 197198t 200
polyhexamethylene biguanide,
197t-198t, 199-200
bioactive, 197t-198t, 200
biologic, 197198t
characteristics of, 194, 194b
foam, 197t-198t¢, 199
impregnated with iodine, 200
interactive, 196
maltodextrin, 197t-198¢
miscellaneous, 197t-198¢
nonadherent, 196, 196b
calcium/calcium-sodium alginate,
197t-198t, 199
hydrocolloids, 197t-198t, 199
hydrogel, 197198, 198-199
hypertonic saline, 196-198, 197t-198¢
occlusive, 196, 197t-198¢

Wound dressing(s) (Continued)
paraffin-impregnated, 196,
197t-198¢
perforated polyester film with cotton,
1971198t
petroleum-impregnated, 196,
1971198t
polyurethane films, 196, 197t-198¢
rayon/polyethylene glycol, 1971198t
semiocclusive, 196, 197198t
types of, 1971—198t¢
selection of
based on purpose, 195, 196¢
based on wound characteristics, 195,
197t
silver-impregnated, 1971981, 200
Wound healing, 179-183
complications, 194
external factors affecting, 183
growth factors in, 179, 1800
host factors affecting, 182
moist, 182
phases of, 179182
débridement, 180
inflammatory, 179-180, 1800
maturation, 181-182
repair, 180-181
primary, 193
by secondary intention, 193-194
wound characteristics affecting,
182—-183
Wound infection, with animal bite wounds,
243-244, 244b
Wound lavage, 184, 185f
Wound management, 179-194
assessment of skin viability in, 189-190
burn, 239-240, 240f
fundamentals of, 183, 183b
initial, 184, 184t, 185f
for open or superficial wounds, 183-186
antibiotics in, 186
debridement in, 185-186
autolytic, 182, 185
bandage (mechanical), 185
biosurgical, 186
enzymatic, 185-186
surgical, 185
hyperbaric oxygen therapy in, 189
low-level laser therapy in, 189
pulsed electromagnetic field in, 189
topical wound medications in,
186188
topical wound-healing in, 187-188
wound cleansers in, 184, 184f,
188-189
wound lavage in, 184, 185f
postoperative, 194
surgical anatomy and, 179
wound closure. see Wound closure.
wound healing and. see Wound healing.
Wound-healing enhancers, topical,
187-188
Woun’Dres Collagen Hydrogel (hydrolyzed
bovine collagen), 188
Wrapping materials, for surgical packs, 12,
12t

W-type forceps, 161, 162f
WW (window width), 170

X
Xanthochromia, 13211322
X-Banders (skin stretcher), 208, 209f
Xenogeneic stem cell, 971
Xenografts, 232-233
Xenon lamps, for arthroscopy, 167
Xeroform (petroleum-impregnated with
bismuth tribromophenate), 196,
197t-198t
Xiphoid process, 888—889, 889f
X-shaped suture line, for square and
rectangular skin defects, 215, 216f
Xylazine (Rompun)
for brain surgery, 1342
for induction of vomiting, for gastric
foreign bodies, 418, 418D
for premedication, 127t-131t, 134135
Xylenol orange stain, to assess skin viability,
189-190
Xylocaine. see Lidocaine.

Y

Y-fractures of elbow, stabilization of, 1065,
1066f

Yohimbine, to reverse alpha-2 agonists,
127t-131¢, 132

Yorkshire terrier encephalitis, 1453

Y-shaped suture line, for triangular skin
defects, 215, 215/

Y-U pyloroplasty, 405-406, 406b, 407f

Z
Zefazone (cefmetazole), for perineal, rectal,
or colonic surgery, 467—468, 468b
Zelapar (selegiline), for cognitive
dysfunction syndrome, 1445-1447
Zepp procedure, 306, 306f
Zestril (lisinopril), for cardiac disease, 789b
Zithromax (azithromycin), 81t
for lyme disease, 11500
Zofran (ondansetron), for vomiting after
removal of gastric foreign body, 419,
419b
Zolazepam, for premedication, 127t-131t,
131
Zollinger-Ellison syndrome, 427
defined, 599-600, 612
gastric ulceration and erosion due to, 428
Zone of calcified cartilage, 1141-1142,
1142f
Zonisamide, for brain surgery, 1339-1340,
1339t
Z-plasty, 210-211, 212f
for quadriceps contracture, 1291
Zubrin (tepoxalin), 1481-149¢, 150
Zygomatic mucocele, 358
Zygomatic salivary gland, 361, 361D, 361f
excision of, 363
Zyloprim (allopurinol), for urinary calculi,
705b
Zyvox (linezolid), as drug of last resort,
82-83





