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KEY POINTS

� The etiology and location of neurologic injury or disease have a significant impact on the
design of the rehabilitation program as well as patient prognosis.

� Rehabilitation patients should be clinically stable with all immediate critical care and sur-
gical concerns addressed before starting a physiotherapy program.

� A variety of modalities are available to the rehabilitation therapist to aid in pain manage-
ment and support tissue healing.

� The exercise therapy component of the physiotherapy program assists in restoring core
strength and balance to facilitate transitional activities (sitting up, standing from sitting,
turns, etc).

� Client education is a critical part of the rehabilitation of neurologic patients; clients often
manage urination and assisted locomotion at home for extended periods of time.
INTRODUCTION

Neurologic patients are often severely compromised: They may be unable to move
limbs, urinate, defecate, or transition from lateral recumbency into a sternal position.
Rehabilitation therapy for the neurologic patient places a profound emphasis on
nursing and supportive care to protect the patient from complications and preserve
tissue strength and function during the recovery period. The role of the rehabilitation
practitioner therefore often extends beyond the performance of physiotherapy treat-
ments and includes nursing care, medical management of complications from recum-
bency, and client education and support. This role often lasts weeks to months. Key
aspects of a comprehensive rehabilitation program include pain management, phys-
iotherapy, careful patient monitoring, supportive care for the patient, and compas-
sionate client communication.
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INITIAL PATIENT ASSESSMENT

A thorough physical examination and diagnostic assessment is invaluable in devel-
oping an effective rehabilitation therapy program and setting realistic goals. The ther-
apist should perform complete neurologic and orthopedic examinations before
starting a rehabilitation therapy program. It is important to have an accurate record
of the patient’s condition at the start of therapy as well as documentation of specific
problems because the clinical status of patients with neurologic disease or injury can
change rapidly. For example, progressive myelomalacia can occur shortly after injury
or surgery and progresses rapidly.1 Furthermore, many neurologic patients present
with 1 or more comorbidities that may or may not be related to their neurologic diag-
nosis. Careful note should bemade of the presence of concurrent injuries from trauma,
developmental or degenerative orthopedic diseases, obesity, endocrinopathies, res-
piratory or cardiac dysfunction, and the presence of infection in any major body
system.
The assessment should seek to establish the neuroanatomic localization, level of

pain, and any secondary complications that have developed subsequent to the pri-
mary injury or disease process. Accurate neurolocalization aids in the formulation of
a differential diagnosis list and diagnostic plan and, once a primary diagnosis has
already been determined, helps to establish the prognosis and prioritize tests and
criteria that will be used to monitor a patient’s progress. For instance, establishing
and monitoring the presence or absence of deep pain perception is essential in deter-
mining the prognosis and following the progress of a patient with spinal cord injury.
Localization of neurologic injury has been covered extensively elsewhere.2

Standardized scoring systems have been developed to objectively and thoroughly
characterize the neurologic status of canine patients with acute spinal cord injury
secondary to intervertebral disc herniations.3 In daily practice, the use of an extensive
scoring system is not essential, but it is important for clinicians to develop a consis-
tent approach to describing and recording a patient’s neurologic function and pain
level so that the patient’s response to treatment can be accurately assessed over
time. Key indicators that should be recorded at the initial patient assessment and
when periodic reassessment is performed are listed in Box 1. Baseline objective
data such as thigh girth, goniometry, body weight, body condition scoring, stance
analysis, force plate, and kinematic analysis (when available) may also be collected
and recorded in the patient history during this initial assessment. For ambulatory pa-
tients, gait assessment is an invaluable tool for assessing the patient’s current status
and identifying specific problems to be addressed during the treatment sessions.
Written descriptions of gait should be as detailed as possible with the therapist
and assistant or assistants using a common set of descriptors consistently with
each assessment. A video record of the patient’s gait performing a standard set of
tasks (walking overground, on a treadmill or underwater treadmill, trotting, circling,
weaving, and stepping over obstacles) is often the most useful and accurate method
for recording gait abnormalities.4–6

Whenever possible, the client should be interviewed to determine an accurate list of
current medications or supplements, chronic or recurrent illnesses, and, most impor-
tant, the level of performance to which the animal is expected or needed to return. A
detailed description of the household or housing arrangement, including any unique
features of the environment and information about the pet’s daily routine, is helpful
in determining the necessary skill set for a particular patient. This description should
include types of flooring, presence of obstacles such as stairs or pet doors, feeding
and exercise schedules and any other relevant details.



Box 1

Key indicators of patient status at initial assessment and reassessments

Neurolocalization

Intracranial

� Forebrain

� Brainstem

� Cerebellum

Spinal

� C1–C5

� C6–T2

� T3–L3

� L4–S3

Peripheral or neuromuscular

Combination

Functional Status

Ambulatory/nonambulatory

With or without motor function

(Note limbs affected: tetra-, hemi-, para-, mono-)

With or without spinal reflexes

With or without postural reflexes

With or without nociception

With or without panniculus reflex

With or without bladder and bowel control

Pain score and location

0-No resentment; normal amount of movement

1-Mild withdrawal; mildly resists

2-Moderate withdrawal; body tenses; may orient to site; may vocalize

3-Orients to site; forcible withdrawal from manipulation; may vocalize or hiss or bite

4-Tries to escape/prevent manipulation; bite/hiss; marked guarding of area

Presence of comorbidities or complications

With or without obesity

With or without metabolic or endocrine dysfunction

With or without infectious disease

With or without orthopedic disease

With or without disruptions in skin integrity
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PHYSIOTHERAPY FOR SPINAL CORD DISEASE

Spinal cord injury is the most common neurologic disease treated by most veterinary
rehabilitation facilities. Early (ie, starting 1–2 weeks after injury) and intensive rehabil-
itation therapy for locomotion training after spinal cord trauma has been shown in
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experimental models and patients to accelerate the recovery of motor function and re-
turn to ambulation.7–9 Trauma to the spinal cord occurs as compression, contusion,
shearing, or distraction from external forces, such as acute intervertebral disc disease,
fibrocartilaginous embolism, falls, and vehicular accidents. During the peracute stage,
there is direct compression, hemorrhage, and tissue shearing, which cause immediate
cell death via disruption of cell membranes and dissociation of intercellular connec-
tions. The immediate damage interferes with transmission of nerve signals past the
point of injury and also triggers a cascade of retrograde signaling that identifies the
location of the lesion and recruits inflammatory mediators and cells to the area. After
the immediate injury, local swelling, ongoing hemorrhage, and persistent tissue debris
in the spinal canal may continue to exert compressive forces on the spinal cord itself,
resulting in ongoing neuronal stress. Even in the absence of persistent compression,
ischemia, or decreased perfusion, local edema and secondary oxidative damage play
a key role in the extent and severity of spinal cord injury. Of these, tissue perfusion may
be the most responsive to physiotherapeutic intervention; thus, physiotherapy tech-
niques and modalities that promote circulation are often central to the rehabilitation
program for patients with spinal cord injury.
Patients with spinal cord injuries such as fibrocartilaginous embolism, spinal frac-

ture/luxation, and Hansen type I intervertebral disc disease generally present with per-
acute or acute onset of neurologic deficits. Decompressive surgery is indicated in
some of these patients. Physiotherapy typically focuses on intensive pain manage-
ment and supportive care immediately after surgery, transitioning fairly quickly to an
emphasis on promoting mobility and supporting a return to function. Although recov-
ery times may vary greatly, the first 2 to 4 weeks of the recovery period are the most
illuminating with regard to the patient’s long-term prognosis.10 For most patients, ma-
jor milestones of recovery such as the restoration of deep pain sensation and return of
voluntary motor function occur during that early time period. Still, recovery is slower in
more severely affected patients. Time to return of motor function can be as long as
9 months after surgery or injury.10 For patients that do not regain the ability to walk
in the first month or two, supportive care and physiotherapy to manage the secondary
effects of their disease is of even greater importance; however, the costs of care may
dictate that a greater proportion of the therapy program be conducted by the client at
home. For these patients, a mobility aid such as an ambulation cart may significantly
improve quality of life and decrease the risk of secondary complications from
immobility.
Spinal cord diseases such as Hansen type II intervertebral disc disease and degen-

erative myelopathy are typically associated with more chronic, slowly progressive
neurologic deficits. These more chronic conditions warrant a different therapeutic
approach with less emphasis on aggressive management in the near term and a
greater focus on frequent repetition of low-impact and low-intensity activities to pre-
serve neuromuscular and musculoskeletal function, and long-term pain management
in some patients. Regular physiotherapy for patients with presumptive degenerative
myelopathy has been associated with longer survival times.11
PHYSIOTHERAPY FOR DISEASES OF THE PERIPHERAL NEUROMUSCULAR SYSTEM

There are awide variety of diseases that can affect theperipheral nervous system (PNS).
The main components of the PNS are muscle, the neuromuscular junction, and periph-
eral nerve. Neurologic examination findings in patients with PNS disease are variable,
depending on which component is affected and the underlying etiology; therefore, a
thorough diagnostic workup is necessary. Broad etiologic categories of PNS disease
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include degenerative, metabolic, inflammatory, neoplastic, and toxic. Although the
mainstay of management for many neuromuscular diseases is treatment of the primary
underlying condition (ie, diabetic neuropathy, paraneoplastic neuropathy), physio-
therapy should be considered an important adjunctive therapy. Patients with lower mo-
tor neuron tetraparesis/tetraplegia caused by diseases such as botulism and acute
canine polyradiculoneuritis often experience a prolonged recovery lasting weeks to
months, during which physical therapy and appropriate supportive care is essential.
Physiotherapy may also be incorporated into the treatment plan of those patients
affected by chronic, progressive, degenerative polyneuropathies to preserve muscle
mass and maintain strength. However, further investigation is necessary to determine
whether physical therapy truly slows the progression of disease. In humans, strength
and balance training is safe and effective for patients with peripheral neuropathy.12
PHYSIOTHERAPY OF INTRACRANIAL DISEASE

Although intracranial diseases are managed extensively with physical therapy in hu-
man medicine,13–15 this field remains essentially unexplored in veterinary rehabilita-
tion. Anecdotal successes have been achieved in various clinical scenarios;
however, clinical trials evaluating the use of physiotherapy for the management of
intracranial disease in dogs and cats have not been reported, to our knowledge.
CARE OF NEUROLOGIC PATIENTS
Supportive Care

Supportive care and nursing care are central to the physiotherapy plan of neurologic
patients. Many patients with neurologic illness are severely debilitated on initial pre-
sentation. Patients should be clinically stable before starting a physiotherapy program,
with all critical surgical and medical needs addressed. Although sometimes over-
looked, a key treatment objective is supportive care to prevent or mitigate secondary
complications. Appropriate nursing care, particularly of the urinary, dermatologic, and
pulmonary systems, is imperative for the prevention and management of decubitus ul-
cers, urine scalding, and infection. The likelihood of developing 1 or more of these
complications is increased by the presence of comorbidities such as obesity, an endo-
crinopathy, or physical trauma to other body systems, which must be identified and
appropriately managed. The role of the technical staff in management of a recumbent
patient is absolutely critical. It is therefore important that all staff tasked with the care
of neurologic patients have appropriate training and are aware of the potential delete-
rious effects of inadequate care.

Bedding and harnesses
Immobile and nonambulatory patients must be provided with adequate bedding.
Ideally, bedding should be smooth, stable, nonporous (or easily cleaned and
replaced), and deformable, yet also act to disburse the patient’s weight over a large
surface area. Patients should be monitored closely and checked frequently (some-
times as often as hourly) for soiling. Bedding that is wet with water, urine, feces, or se-
rous and purulent discharge needs to be replaced immediately. Because the patient’s
skin may require frequent cleaning, detergents and materials used for cleaning should
be gentle products that will not disrupt the protective epidermal layer. Patients that are
not yet able to hold themselves in a sternal position, or who lay preferentially on 1 side
or the other should be turned every 4 to 6 hours with adequate notations made in the
treatment notes. Bedding specifically intended to avoid decubitus ulcers is commer-
cially available (Kloud9, Vivorté, Louisville, KY, USA).
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Managing the large recumbent patient presents unique practical challenges. Larger
patients, whether they are obese or large breed dogs of appropriate body condition,
are at increased risk of pressure necrosis of the skin (also known as decubitus ulcers
or bed sores), compartment syndrome, and lung atelectasis simply owing to their
greater weight. Obese patients may be predisposed to infection owing to chronic
metabolic stress resulting from obesity and increased resistance to peripheral circu-
lation in proportion to the amount of adipose tissue present. These patients require
particularly close monitoring, and should be turned from side to side more frequently
to prevent these complications. Turning large, severely debilitated patients without
risk of injury to the patient or staff may require the use of assistive devices like a hoist
or a sling.
A variety of devices are available to assist in the support and mobilization of large

patients. A hoist (Hoyer lift) can be adapted for veterinary patients with an appropri-
ately designed harness (Fig. 1). Hoyer lifts are manual (hydraulic) or battery powered.
Hydraulic lifts do not require charging before use and are more tolerant of extended
storage periods. Electric or battery-powered models require less effort to operate
than manual models; however, they are more expensive to purchase and maintain.
Care should be taken that the harness used with a Hoyer lift distributes the patient’s
weight evenly and does not place undue stress over a particular region, particularly the
urinary bladder. Most Hoyer lifts have wheels, although they can be awkward to ma-
neuver over long distances. Several companies commercialize adjustable wheeled
“quad” carts that can be used in the hospital setting to facilitate patient mobility
and allow the patient to eat or walk in a standing position (Fig. 2). A quad cart is
Fig. 1. A 7-year-old neutered male German shepherd dog with nonambulatory paraparesis
after intervertebral disc herniation and hemilaminectomy is standing with his weight sup-
ported by a hoist and an exercise ball. The therapist places his pelvic limb in a weight-
bearing position and performs a gentle weight-shifting exercise.



Fig. 2. A 3.5-year-old castrated male Mastiff with nonambulatory tetraparesis 7 days after
multilevel dorsal laminectomy to correct cervical spondylomyelopathy is standing in an
Eddie’s Wheels Adjustable clinic quad cart (Eddie’s Wheels, Shelburne Falls, MA; with
permission.) The cart’s width, length, and height have been adjusted to fit the patient.
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generally more maneuverable than a Hoyer lift; however, many have a maximum
weight limit of 70 to 90 kg (150–200 lbs) and are not suitable for the largest dogs, or
for species other than dogs.
Harnesses are available to assist in lifting heavy patients and to support mobility un-

til the patient regains sufficient strength and coordination to be independently ambu-
latory (Help’Em Up, Blue Dog Designs, Denver, CO, USA). Because the majority of
neurologically impaired patients in the rehabilitation setting are affected primarily or
only in the rear legs, harnesses that provide pelvic support are essential for neurologic
rehabilitation. The harness should be constructed of durable yet soft, lightweight, and
breathable material with smooth or padded edges to prevent rubbing or pinching of
the skin and catching of the fur. When the patient’s weight is fully supported, there
should not be any focal areas of pressure or restriction that limit circulation or cause
tissue injury. Seams and attachments such as handles or metal rings should be secure
and sturdy enough to withstand significant and repeated strains. Harnesses will
become soiled and need to be tolerant of frequent hand or machine washing with sani-
tizing detergents. It is helpful to have a supply of harnesses available for clients to rent
or purchase for use at home as well. Clients should be advised on how to clean and
maintain the harness and to monitor the pet closely for signs of abrasion or infection
at points of contact with the skin.

Pressure sores, abrasions, and decubitus ulcers
Skin lesions are common complications of recumbency. They range from erythema to
full-thickness skin necrosis (Fig. 3). Areas of pressure necrosis or decubital ulceration
must be managed aggressively to prevent infection and enlargement of the primary
lesion. Decubital ulcers can develop rapidly, especially when early signs of devitaliza-
tion are overlooked. As a precaution, any areas of hair loss, erythema, contusion, or
abrasion should be assumed to be incipient pressure necrosis. Additional padding
should be applied around these areas to limit direct contact with bedding or pressure
points, and lesions should be monitored daily for evidence of progression. Similarly,
patients should be monitored regularly for signs of emergent infection. Treatment
for any developing infection is implemented as soon as is practical. Although not al-
ways possible, antibiotic therapy should be guided by culture and susceptibility of
an appropriate tissue or fluid sample. For tissue necrosis with or without tissue slough-
ing, bandaging these areas with several layers of pliable, absorbent material may help
to prevent further trauma. Bandages should be replaced at least once daily, and more



Fig. 3. A 13-year-old German Shepherd dog was nonambulatory paraparetic with multifocal
type II intervertebral disc disease. The dog developed skin lesions associated with his pro-
longed recumbency. A full-thickness ulcer is present over the greater trochanter. The skin
is edematous and erythematous proximal to the ulcer.
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often when there is significant exudate from the wound or soiling from external sour-
ces. In areas where bandaging is not feasible or practical, providing additional
padding around the wound margins with a central area of noncontact (as with a
“doughnut” ring) can relieve the pressure on the wound and also allow increased air
flow. When the lesions are asymmetrical, patients should be encouraged to spend
more time resting on the unaffected side. Exposed wounds can be soaked or washed
gently with an antiseptic solution (ie, 0.05% chlorhexidine diacetate; Nolvasan, Zoetis,
Florham Park, NJ, USA) every few hours to prevent contamination and aid with
debridement; however, these areas should be allowed to dry completely between
treatments. Because ensuring timely resolution of wounds is particularly important
in the hospital setting, it is worthwhile to consider the use of additional modalities to
speed the healing process and prevent indolence. The use of therapeutic ultrasonog-
raphy to speed wound healing is well established.16 Similarly, low-level laser therapy
may be useful, although this technology seems to be less substantiated.
Patients with diminished or absent proprioception and sensory capacity are prone

to the development of skin lesions ranging from hair loss and abrasions to full-
thickness wounds on the digits and bony prominences of the lower limbs owing to
pressure necrosis, to scuffing on the ground, or to self-mutilation (Fig. 4). As with pres-
sure necrosis lesions, abrasions on the extremities can quickly progress to full-
thickness lesions and may develop infection from bacterial contamination. The toes
and distal limbs can be protected from trauma with the use of bandages or commer-
cial booties (Walkaboots, Thera-Paw, Lebanon, NJ, USA; or Summit Trex, Ruffwear,
Bend, OR, USA). The bootie should also fit securely but not constrict the thin, soft tis-
sue layers of the extremities. The use of booties can be problematic because those
that provide adequate protection to the skin may limit sensory input to the distal
limb, potentially hindering any emerging proprioceptive signaling. Also, the weight
of the bootie may complicate locomotion in dogs with weak hock flexion secondary
to sciatic neuropathy or weak carpal extension secondary to radial nerve palsy.
Many patients will object to the feel of the booties or be inclined to chew at the unfa-
miliar article. Bootie selection should be made with an understanding of these
considerations.



Fig. 4. Dogs with sciatic neuropathy are vulnerable to skin abrasions over phalanges (left)
and the metatarsal region (right). The dog on the left has a full-thickness wound on the
third digit and a superficial abrasion of the fifth digit. The dog on the right has partial thick-
ness wounds on the lateral aspect of the fifth metatarsal bone.
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For patients with some motor function that still require assistance with traction and
proprioception, alternatives to a heavy protective bootie may be more appropriate.
Devices that lift the hock or digits or both to prevent wear (Fig. 5) can be quite useful
for short periods to help facilitate therapeutic exercises or make leash walking at home
feasible (Anti-Knuckling Device, Canine Mobility, Seattle, WA, USA; or Biko Mobility,
Raleigh, NC, USA). Similarly, thin rubber coverings for the paw or rubber grips placed
on the toenails may allow greater sensory input while still providing traction (Toe Grips,
Fig. 5. A 4-year-old Beagle recovering from hemilaminectomy for intervertebral disc herni-
ation at T13–L1 and L1–L2 is wearing elastic bands to correct a residual proprioceptive
deficit. The elastic bands connect the phalanges and metatarsus to a chest harness. Tension
in the bands promotes extension of the digits and eliminates scuffing at a walk and trot.
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Dr Buzby’s ToeGrips for Dogs, Beaufort, SC, USA). Nonporous coverings (Pawz; avail-
able: http://pawzdogboots.com/) should be used only during supervised activity and
for short periods of time to prevent the patient from ingesting the material or devel-
oping pododermatitis.

Bladder management
Many patients with spinal cord disease also have bladder and urethral dysfunction. In
the rehabilitation setting, patients should be monitored continuously for signs of uri-
nary tract injury or compromise. When the patient is completely unable to initiate or
complete micturition, the bladder needs to be manually expressed (Fig. 6) or catheter-
ized every 6 to 8 hours to ensure complete emptying. Patients on fluid therapy require
more frequent emptying. As the patient regains function, and particularly once there is
indication of returning voluntary motor function, the frequency of manual expression
may be decreased. In many instances, bladder management may be facilitated with
the use of medications such as oral diazepam (0.25–0.5 mg/kg every 8–12 hours), phe-
noxybenzamine (0.25–0.5 mg/kg every 8–12 hours), and rarely, bethanechol (2.5–
15 mg, total dose, PO q8 hours).17 Urinary tract infection is a leading complication
of recumbency.18 Owners of patients managed as outpatients should be advised to
watch for any change in the frequency or amount of urine production, changes in color
or odor, and the presence of blood, fibrin, or mucus. Even when no outward signs of
infection are present, and especially for patients using the underwater treadmill,
routine monitoring is recommended, with serial urine cultures every 4 to 6 weeks
initially and then every 3 months once the patient’s neurologic status has stabilized,
for as long as they remain nonambulatory. For hospitalized patients, empiric antibiotic
therapy without culture and sensitivity is not recommended to avoid promoting antimi-
crobial resistance.

Other supportive care considerations
Patients with neurologic impairment frequently also experience fecal incontinence,
for which medical management options are limited. For these patients, appropriate
sanitation and nursing care as described are the primary management goals.
The perianal and perineal skin of patients with fecal incontinence should be moni-
tored carefully for evidence of scalding, ulceration, or infection. Application of a
moisture barrier cream (eg, zinc-based diaper cream, commercial antiseptics such
as Calmoseptine [Huntington Beach, CA, USA]) may be helpful in preserving skin
integrity and preventing contamination.
Fig. 6. A 4.5-year-old Dachshund is paraparetic with upper motor neuron bladder
dysfunction after a T12–T13 disc herniation and hemilaminectomy. The urine is expressed
by placing pressure on the bladder using 2 hands.

http://pawzdogboots.com/


Rehabilitation of the Neurologic Patient 133
THE PHYSIOTHERAPY PLAN

A comprehensive physiotherapy plan aims to manage pain, prevent secondary com-
plications of immobility, and support the health and function of the musculoskeletal
tissues during the recovery process. Neurologically impaired patients range in ability
from complete immobility or tetraplegia/paraplegia, through tetraparesis/paraparesis,
to mild ataxia, or even pain only. Patients may present for therapy at any point during
the clinical course of disease and the same patient may pass through several stages
over the course of his or her recovery. For postsurgical patients or patients with persis-
tent spinal instability, the physiotherapist and therapy assistants should protect the
site of injury when designing and enacting the treatment plan. Other important consid-
erations for the design of a physiotherapy program include access to the patient, level
of staff support, and the safety of staff, patient and client when performing treatments.
Table 1 lists a number of factors that influence the rehabilitation plan. For cases with a
significant number of limitations or complicating factors, it may be wise to consider
inpatient care or referral to a specialty facility with a rehabilitation therapist on staff.
Because patient cooperation is key to any rehabilitation therapy plan, particularly

one that is to be carried out primarily at home by the owner, efforts should be made
to ensure that the prescribed treatments cause minimal stress or discomfort for the
patient. This is a significant departure from the philosophy of some aspects of physical
therapy in humans. A physiotherapy program that is painful or stressful for the patient
is unlikely to be effective, may cause the patient to become aggressive, and will poten-
tially damage the human–animal bond between client and patient. To minimize stress,
treatments should, whenever possible, be administered in a calm environment using
equipment or activities that are already familiar to the patient. New equipment or ac-
tivities should be introduced gradually with a period of acclimatization. Therapies
should limit or avoid causing pain or fatigue.

Passive Manual Therapy

Passive range of motion (PROM) activities are commonly prescribed for neurologically
impaired patients. PROM involves the use of external forces applied to the limbs or
Table 1
Factors affecting the rehabilitation therapy program design

Patient Factors Client Factors Facility Factors Staff Factors

Size Physical abilities Size and indoor or
outdoor exercise
space

Availability of
sufficient support
staff

Temperament Financial
resources

Availability of lift
equipment

Proper training and
experience

Degree of disability Schedule and
household
restrictions

Appropriate
modalities

Physical ability to lift
and transport
patients

Location of incision(s) Emotional needs
and concerns

Facility hours Access to specialists

Intravenous or urinary
catheterization

Adequate bedding
and housing

Bandages and
external coaptation

Comorbidities
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axial skeleton to flex and extend joints when the patient is -plegic or too weak to effect
active range of motion. PROM is frequently combined with stretching of the periartic-
ular connective tissues and skeletal muscle. The primary benefit of PROM is protec-
tion against stiffening or fibrosis of the joint. Other benefits may include prevention
of cartilage atrophy, replenishment of the synovial fluid (primary source of nutrients
for the cartilage), improved local circulation, and stimulation of sensory and proprio-
ceptive pathways in the synovium and periarticular structures. Although frequently
prescribed and simple in concept, PROM can be misapplied or performed incorrectly.
It is important that an appropriate technique be used to achieve maximum benefit and
prevent injury to the animal, whether this treatment is administered by the hospital
staff or by the client at home. PROM should be performed with a patient that is relaxed
and cooperative. The limb should be gripped firmly but gently and the motion per-
formed along the normal plane of limb movement during ambulation with the long
bones in proper alignment to each other. Each cycle should be performed smoothly
and deliberately. It is not necessary to reach maximum flexion or extension for the ac-
tivity to be effective. Rather, the movement should only be performed in the range that
the patient is comfortable and does not resist. Owners in particular may have a ten-
dency to want to force the leg in 1 direction or the other, which may cause tissue strain
and will also result in a stressful experience for the patient and a loss of trust that will
make other treatment sessions more difficult.
Massage is another passive therapy with multiple benefits. In humans, there is ev-

idence that massage therapy alleviates pain and stress associated with recent injury or
surgery.19 Massage also improves both local and whole-body circulation and
lymphatic drainage, allowing for increased tissue oxygenation and more rapid resolu-
tion of edema.20 For patients experiencing muscle tremors, spasms, or rigidity, mas-
sage can provide transient relief of these symptoms. In addition, massage provides
additional sensory stimulation that may encourage nerve regeneration in the affected
tissues. Massage is clearly pleasurable for the majority of rehabilitation patients and
beginning a therapy session with a whole-body massage in a calming environment
may improve patient compliance thereby increasing the effectiveness of the therapy
program. Massage techniques vary depending on the preference and training of the
therapist and may need to be adjusted based on a patient’s level of sensitivity or toler-
ance. A number of lay publications describe massage techniques in some detail.
These may be useful resources for clients when massage is prescribed as a part of
the home therapy plan. In general, massage for patients with neurologic disease re-
quires only light pressure applied in long strokes or circular motions. Massage may
be applied only to the affected limbs or to the entire body. For patients that are primar-
ily affected in their hind limbs and carrying an atypical proportion of their weight on the
forelegs, massage may relieve secondary muscle strain in the neck and shoulders.
Gentle massage adjacent to the site of surgery or injury may help to relieve muscle ten-
sion and inflammation in this area as well, although direct pressure over the surgical
incision or an area that is persistently unstable is inadvisable.
Acupuncture is categorized here as a passive manual therapy because it does not

require the active involvement of the patient and relies primarily on direct mechanical
stimulation to achieve its effects. The scientific literature is mixed regarding the ther-
apeutic benefits of acupuncture overall, but the evidence may be more encouraging
when examining the benefits of acupuncture specifically for neurogenic pain and
the facilitation of nerve signaling.21,22 Acupuncture has been demonstrated to in-
crease serotonin levels in the serum and cerebrospinal fluid of both human and canine
patients. Because it is a noninvasive technique with limited potential for adverse ef-
fects, acupuncture is often utilized as a component of the neurologic physiotherapy
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program, but rarely as a sole therapy. Unfortunately, this very ubiquity as an adjunctive
treatment and a lack of controlled studies evaluating acupuncture as a sole therapy
make it difficult to determine what definite value, if any, acupuncture provides.

Therapeutic Exercises

Although there are several therapeutic exercises useful for patients with varying de-
grees of mobility and strength, the level of difficulty and amount of assistance provided
for any given activity is always adjusted according to the clinical status of each patient.
When selecting specific exercises for the therapy program, some thought must be
given to the muscle groups and anatomic regions that will be involved in performing
the exercise and in particular any areas that may experience strain or weakness during
the activity. Exercise therapy plays a crucial role in any physiotherapy program, and
especially so with neurologic patients. Targeted exercise therapy aids in the manage-
ment or prevention of many of the consequences of immobility, including atrophy of
soft and bony tissues, stiffening or fibrosis, maintaining proper proteoglycan matrix
in the articular cartilage, and stimulating the synovium to replenish the joint fluid. Ex-
ercise therapy stimulates transmission of nerve signals, reinforces proprioceptive and
motor pathways, and aids in the restoration of muscle memory for standing, walking,
and other activities that require minimal or no conscious effort in the healthy patient.
There are many specific exercises that can be used in the course of a rehabilitation
program. As long as the prescribed exercises are safe and appropriate for the given
patient’s physical and medical status, the therapist is limited only by his or her own
creativity. Clients are often an excellent resource for conceiving exercises that dovetail
with the patient’s current routine and level of training and it is generally helpful to
include them in the process of developing the exercise program. In many instances,
as patients recover from neurologic injury, they experience the greatest difficulty
with transitions from 1 position or activity to another (eg, lateral to sternal recumbency,
sitting to standing, making turns, and stepping over obstacles). Exercises that aid in
development or preservation of the core muscle groups along the spine and abdomen
are particularly helpful in improving a patient’s ability to handle these transitional
movements.

Exercise therapy for the nonambulatory patient
Recumbent patients should be assisted into a sternal position with the limbs placed
appropriately to either side for brief periods intermittently throughout the day. The pa-
tient should be encouraged to remain in this position for as long as possible at each
attempt. Support can be offered using the therapist’s hands, wedge cushions, a
harness, or other device (eg, gallon jugs filled with sand placed along the chest) and
should be provided only to the degree necessary for the animal to remain in the
desired position. As strength returns, the amount of support is incrementally reduced
until the patient is able to maintain sternal recumbency unassisted. At this stage,
placing the patent on a less supportive surface such as a well-stabilized wobble board
or therapy ball can increase the degree of difficulty.
As soon as the patient achieves sufficient tone to allow for assisted standing, ther-

apy sessions should incorporate brief periods with the patient in a standing position,
with gradually diminishing support and increasing difficulty, as noted. Gentle weight-
shifting activities may also be introduced at this stage. To promote normal motor
signaling and muscle memory, the patient should be positioned in a way that approx-
imates a normal standing posture as closely as possible, including the spacing of the
paws under the body and distribution of weight to all legs. For any supported postural
activity, care should be taken to maintain normal spinal alignment and avoid torsion,
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distraction, compression, or bending of the spine, particularly at the site of injury or
surgery. Once the patient is able to stand unassisted for several seconds, the therapist
may begin assisted sitting exercises, taking care to always begin with the patient in a
correct sitting posture. As described, this activity can be made increasingly difficult
using a wobble board or balance disk. The exercise program is gradually adjusted
to increase the degree of difficulty according to the patient’s level of function.
Aquatic therapy, when available, is an important component of the therapeutic ex-

ercise program. Standing in water is a very comfortable form of assisted stance for
nonambulatory patients (Fig. 7). Underwater exercise, whether walking on a treadmill
or swimming, yields limb movements earlier in the recovery period than exercise on
dry land. There are numerous benefits to the performance of exercise while partially
or completely submerged in water. Among these is the quality of buoyancy, which
minimizes the weight-bearing load on the joints, decreasing the pain associated
with movement.23 The resistance of the water maximizes the effect of exertion on
the muscles, allowing for greater strengthening with minimal activity. Resistance
also slows movement, allowing for greater reaction time, and providing an opportunity
for proper foot placement, thereby reinforcing a proper gait pattern and proprioceptive
signaling. Buoyancy and resistance promote increased range of motion in specific
joints during underwater activities. Walking on an underwater treadmill is a more
controlled movement than swimming, placing less strain or torque on the spine and
joints and thus may be more appropriate for the early stages of recovery and strength
building. Other properties of water are also beneficial for patients experiencing pro-
longed immobility or weakness, including hydrostatic pressure that helps to reduce
edema and promote lymphatic drainage. The temperature of the water is kept
comfortably warm, further promoting blood circulation and lymphatic drainage. In
humans, underwater exercise has been shown to be less taxing on the cardiovascular
and respiratory systems, which is helpful for obese patients or those with concurrent
illness.24

Exercise therapy for the ambulatory patient
As patients regain function or for ambulatory patients, exercises to reinforce muscle
strength, balance, and proprioception take on an important role in the rehabilitation
program. Ambulation assistance by means of a harness can be conveniently provided
when a dog walks on a treadmill (Fig. 8). Once the dog can walk independently, land-
based activities such as walking over textured or yielding surfaces, Cavaletti rails,
weaving, inclines, leg weights, and low steps are introduced singly or in combination
Fig. 7. The dog in Fig. 5 is standing on an underwater treadmill. The water supports his
weight. The therapist is placing his pelvic limbs in a weight-bearing position and doing a
gentle weight shifting exercise.



Fig. 8. The dog seen in Fig. 2 is seen 28 days after multilevel dorsal laminectomy for cervical
spondylomyelopathy. The dog is walking on a treadmill at an incline while being supported
and controlled by a harness.
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to promote strength, flexibility, and coordination. The design of each activity should be
calibrated to the ability and inclination of the patient.

Electrophysical Modalities

Several of the modalities available to the rehabilitation practitioner may be useful in
enhancing the physiotherapy plan. Although an extensive review of the technology,
mechanism of action, and application of the available modalities is beyond the scope
of this article, a brief review is presented herein. Please refer to the references for more
details.

Low-level laser therapy
Low-level laser therapy has been demonstrated to accelerate wound healing in human
patients, particularly those with metabolic or physical compromise that may delay
normal wound healing.25,26 In the hospital environment, where rapid and complete
resolution of any skin wounds is desirable to reduce the risk of nosocomial infection,
the application of laser light therapy to areas of inflamed, devitalized, or abraded skin
is a reasonable adjunct to standard woundmanagement. Furthermore, laser may have
direct beneficial effects on nerve cells and their supporting structures. Preliminary
work suggests that daily therapy with 810 nm light over the surgical site in the 5 to
7 days after hemilaminectomy reduces the time to ambulation by 7 days on average.
Although the mechanism of action for therapeutic laser has yet to be fully character-
ized, it is generally accepted that laser can act to increase the production of cellular
adenosine triphosphate at the mitochondrial level by stimulating light-receptive mole-
cules (chromophores) in the mitochondrial membrane. Treatment dose is most
commonly measured as a unit of energy (eg, Joules per square centimeter of skin
exposed to the laser light). The total dose can be adjusted by increasing or decreasing
treatment time or intensity (Watts.) Most commercially available therapeutic lasers
emit 3 or 4 separate wavelengths ranging from 600 to 1000 nm. The specific wave-
lengths of devices vary by manufacturer and there is no evidence documenting the
most effective wavelength or dose for tissue types or disease conditions. Tissue



Sims et al138
penetration is largely determined by wavelength (deeper penetration is achieved by
longer wavelengths), although this is influenced by treatment intensity and skin color.
Dose ranges for standard treatments typically range from 1 to 4 J/cm2 for superficial
tissues with lower protein levels (dermis, epidermis) and from 8 to 12 J/cm2 for deeper
tissues or tissues with higher protein content. There is increasing evidence in the liter-
ature that cells may be most responsive to moderate doses of phototherapy. Higher
doses seem to not only fail to improve the therapeutic outcome, but in some cases
may actually inhibit the desired tissue response. As recovery progresses, frequency
of laser treatment is reduced accordingly. Currently, there is debate surrounding the
question of tissue penetration with phototherapy. As much as 66% of percutaneous
laser light energy is absorbed or scattered in the first 2 mm of human skin.27 The
remaining dose probably does not penetrate more than 1 to 2 cm as monochromatic,
collimated and coherent light energy. Tissue type and species of the patient may
significantly affect penetration depths. Depth of penetration may improve with more
prolonged exposure times or pulsed therapy, suggesting a possible advantage to us-
ing lower intensity, pulsed treatment settings applied over a longer treatment time. For
medium- and large-breed dogs with spinal cord injury, it is unlikely that percutaneous
laser light is actually delivered to the injured tissue in its original form. It is unknown
whether the light must retain the properties of collimation and coherence to stimulate
an effect at the level of the chromophore. In the case of spinal cord injury, the benefits
of laser therapy may derive from regional and systemic effects rather than via direct
influence on the injured nervous system tissue. When applied at higher intensities or
for too long over a given area, low-level laser can cause thermal damage and photo-
toxicity to the tissues.

Therapeutic ultrasonography
Therapeutic ultrasonography is beneficial for patients with joint stiffening, connective
tissue trauma, or muscle spasm. The therapeutic effects of ultrasound therapy may
derive primarily from tissue heating and increased collagen elasticity. Continuous ul-
trasound therapy has a heating effect on soft tissues at greater depths (2–5 cm)
than external heat sources (1–2 cm). As with other forms of thermotherapy, a change
in tissue temperature of 2�C to 4�C increases local blood flow and tissue extensibility
while also reducing muscle spasm. These effects provide pain relief and are useful in
conjunction with a stretching program to preserve or restore joint flexibility or prevent
skeletal muscle contracture and fibrosis. Sound waves are delivered through probes
of varying diameters ranging from 1 to 10 cm2 depending on the size and contour
of the area being treated. Heads measuring 5 cm2 are used most commonly. Ultra-
sound intensity is measured in watts per square centimeter. Treatment intensities
vary with the type of tissue being treated (tissues with higher protein content absorb
more sound energy) and the treatment indication. Most therapeutic ultrasound ma-
chines have adjustable wavelengths. Longer wavelengths are used for superficial ap-
plications. Treatment time is 3 to 4 minutes for each ultrasound head for a total
treatment time of 4 to 10 minutes. Treatment times of approximately 4 minutes
seem sufficient to generate the desired tissue temperature increase. Areas greater
than 10 cm2 should be divided into sections with each section treated independently
because dissipation of the sound energy over too large an area may result in inade-
quate thermal change. Therapeutic ultrasonography can be administered once or
twice daily for patients with intense pain or spasm. Patients that are not as severely
affected require fewer treatments. Therapeutic ultrasonography may also be benefi-
cial at nonthermal (interrupted duty cycle) settings. The benefits of this modality in pro-
moting tissue healing are well established and have been applied to management of
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skin wounds, skeletal muscle tears, tendon and ligament rupture, and bone healing (as
with nonunion fractures).28 The sound waves generated by therapeutic ultrasonogra-
phy, like those used for diagnostic ultrasonography, do not transmit effectively
through air, although air and other gas interfaces will experience some of the same
thermal effects as soft tissue. To maximize the transmission of ultrasonography to
the target tissue and improve patient comfort, ultrasound therapy should be applied
over skin that is clipped or shaved and clean. The use of a transducer gel is necessary
to maximize contact and eliminate gas interference between the ultrasound head and
the skin surface.

Electrical stimulation
Electrical stimulation has 2 major applications for the patient with neurologic disease
or impairment. Neuromuscular electrical nerve stimulation (NMES) involves the admin-
istration of an electrical impulse across skeletal muscle tissue to stimulate a contrac-
tion when voluntary motor function is absent or weak. In NMES, electrode pads are
placed on the skin and the electrical impulse is delivered percutaneously (Fig. 9). Elec-
trical muscle stimulation is a variation on NMES where needle-shaped electrodes are
inserted directly into the muscle. Because electrical muscle stimulation is a more inva-
sive technique and requires greater precision in electrode placement, it is not
commonly performed in the clinical rehabilitation therapy setting. Although NMES
does not recruit muscle fibers in the same sequence, nor to the same degree as volun-
tary movement, it can be used to preserve the integrity and mass of muscle fibers and
prevent atrophy secondary to disuse. It can also be used in the case of denervation
injury; however, it must be administered daily and may be of little value in the case
of complete denervation when motor function is unlikely to be restored, because it
slows muscle atrophy but does not change the outcome of denervation. To generate
effective muscle contractions, 1 electrode is placed near the motor point of the muscle
and the other is placed along the muscle body. Motor points are typically near the
origin of the muscle. Once the placement of the electrodes has been confirmed and
a perceptible muscle contraction elicited, the electrical stimulation should be cycled
so that periods of contraction are separated by periods of rest at approximately a
Fig. 9. A nonambulatory, paraparetic 7-year-old castrated male mix-breed dog is receiving
neuromuscular electrical stimulation of his left quadriceps femoris muscle to increase muscle
mass. The thigh was clipped. The proximal electrode is applied near the motor point of the
quadriceps. The distal electrode is applied on the distal portion of the muscle.
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1:2 to 1:5 ratio, based on muscle fitness. Treatment settings for NMES, particularly in-
tensity, may vary from patient to patient and even between treatment sessions on the
same patient. A variety of waveforms can be used for NMES therapy, although a sym-
metric biphasic form seems to be best tolerated (eg, variable muscle stimulation
[VMS]). Generally, pulse frequency should be adjusted upward until the contractions
are smooth and well tolerated. Lower pulse frequencies result in a more perceptible
contraction because the muscle visibly “pulses” with a regular beat. However, this
pulsing beat may be uncomfortable, even when sensory perception is otherwise
diminished. The intensity of the electrical stimulation (most often measured in volts
or milliamperes) is adjusted upward until the strongest contraction is elicited or to
the highest level that the patient will tolerate and then decreased slightly to achieve
the appropriate setting. The treatment period should last 10 to 20 minutes, or until
there is perceptible fatigue of the muscle. Treatments should be administered daily
(or as often as possible if daily therapy is not feasible) until voluntary motor function
is restored.
In transcutaneous electrical nerve stimulation (TENS), electrodes are placed at

points that bracket the area of inflammation or pain, and electrical impulses travel
through that area. TENS therapy has a primary goal of pain relief rather than muscle
contraction. TENS therapy may also reduce edema, increase perfusion, speed tissue
healing, and attract certain inflammatory cell types to the affected area.29,30 As with
NMES, treatment settings are not established by formula and are frequently based pri-
marily on the therapist’s assessment of patient comfort and tolerance. Higher fre-
quencies are often better tolerated. Intensity is generally increased gradually over
the first 3 to 5 minutes until a response is elicited from the patient. If the patient is
comfortable, the intensity is maintained at that level for the duration of the treatment.
If the patient shows signs of discomfort, the intensity may be decreased slightly until
it is well tolerated. A treatment period of 40 minutes provides optimal pain manage-
ment.31 Pain relief after TENS may last up to 4 days. When used as an adjunct or
sole therapy for pain management, TENS treatments should be administered as
frequently as necessary to keep the patient comfortable, typically once every 24 to
48 hours, initially. Many clients are familiar with TENS therapy from personal experi-
ence and some have TENS units of their own at home. Although it is not unreasonable
to prescribe TENS therapy for clients to administer at home, clientsmay encounter var-
iable success, even with careful coaching. Because electrical stimulation can cause
significant patient discomfort when misapplied, leading to an aversion to therapeutic
interventions and decreased patient compliance, it may be wise to restrict the use of
TENS to the clinical setting, with exceptions. With any electrical stimulation technique,
electrodes should be applied to skin that has been clipped and cleaned. Preparation of
the skin by swabbing with rubbing alcohol to remove surface oils is helpful. Although
the risk of combustion is low, rubbing alcohol or other solvents should be allowed to
dry thoroughly before initiation of the electrical stimulation to reduce the risk of tissue
burns. A transducer gel can be applied to the skin under the electrode pad to improve
conduction of the electrical impulse and patient comfort. Although the transducer gels
used for standard ultrasound therapy may be effective for electrical stimulation, a gel
specifically designed to promote electrical conduction, such as the Spectra 360 brand
(Parker Laboratories, Fairfield, NJ, USA) is recommended.
CLIENT EDUCATION AND SUPPORT DURING HOME THERAPY

The importance of client education and support for owners of neurologically impaired
patients was mentioned earlier in this article. The physiotherapist plays a key role in
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teaching the client how tomanage the needs of a patient with limited mobility, possibly
more so than any other clinician involved in the medical management of patients with
neurologic injury or disease. Regardless of how thorough the professional physio-
therapy and medical management program, owners bear the greatest responsibility
for patient care once discharged from the hospital. Clients should be informed about
the patient’s nursing care needs and signs of complications that need to be addressed
by their primary veterinarian. A thorough description, ideally with visual or written aids,
of any home physiotherapy treatments will improve the client’s confidence and in-
crease compliance.
When prescribing a home care plan, the therapist must evaluate the owner’s ability

to understand and safely perform the recommended treatments. Similarly, financial,
physical, or scheduling restrictions facing the client or pet in the home environment
should be discussed because they impact the type, number, and frequency of any
prescribed treatments. In cases where the family schedule or home environment
cannot accommodate the needs of the patient in the near term, the therapist may
recommend hospitalizing or boarding the patient for inpatient care during the initial
phases of the physiotherapy program. The use of readily available or inexpensive ma-
terials minimizes the burden on the client to seek out or develop equipment for their
pet’s therapy.
A thorough overview of the treatment plan and expected outcome should be dis-

cussed with the client at the onset of therapy and reviewed frequently, particularly
as the patient’s status changes. It is important to include information such as a
description or demonstration of the activities to be performed, how frequently the
treatments should be performed, signs that indicate a treatment is not well tolerated
or ineffective, a basic understanding of relevant anatomy and an approximate time-
line for the anticipated results. It is often helpful to give clients both short-term and
long-term goals so that they understand the anticipated progression of the patient
and they have realistic expectations. The physiotherapist is often the client’s most
frequent point of contact over the course of treatment and should be prepared
not only to provide guidance on medical and nursing care, but also to address
concerns related to patient welfare, related to the emotional, physical, and financial
burdens of managing a pet with special needs, and related to quality-of-life and
end-of-life decisions. Many clients are overwhelmed with the degree of their pet’s
disability and the tremendous impact of their care on the home routine. Often, cli-
ents do not reach a full realization of their new responsibilities until several days
or weeks after the diagnosis is obtained and the patient is discharged from the hos-
pital. The rehabilitation therapist can help the client to set realistic expectations for
the timing and extent of recovery or, in the case of degenerative diseases, the rate
of decline. The therapist should strive to be neither overly optimistic nor overly
doubtful with regard to the patient’s prognosis. It is useful to build a relationship
with a counselor or therapist with experience in managing the needs of families
experiencing major illness or life-changing disability. Clients will greatly benefit
from referral to a therapist who can help manage the emotional fallout from caring
for a paralyzed or debilitated pet.
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