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Evidence‐Based Practice (EBP)
www.wikipedia.org

• Formally introduced in 1992 with Evidence‐based 
Medicine (EBM)

• “All practical decisions made should:
– Be based on research studies, &
– That these research studies are selected & interpreted 
according to some specific norms characteristic for 
EBP.”

• Disregard theoretical & qualitative studies
• Considering quantitative studies according to a 
narrow set of criteria 
– What is “evidence”?

Evidence‐Based Behavioral Practice (EBBP)
www.wikipedia.org

• “Making decisions about how to promote 
health or provide care by integrating the best 
AVAILABLE evidence with practitioner 
expertise & other resources…”

• “In a manner that is compatible with the 
environmental & organizational context…”
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Are my clinical decisions…

• Effective?

• Ethical?

• Efficient?

EBP in Animal Rehabilitation

• Evidence‐Based Veterinary 
Medicine Association (EBVMA) 
in 2004 (Mississippi State U)
– www.ebvma.org

• Centre for Evidence‐Based 
Veterinary Medicine in 2009 
(Novartis & U of Nottingham, 
UK)
– http://www.nottingham.ac.uk/

CEVM/Index.aspx

• ACVS Outcomes Measures 
Program (OMP) in 2006
– http://www.acvs.org/acvsfoun

dation/outcomesmeasures/ind
ex.cfm

• APTA Clinical Research Agenda 
for Physical Therapy in 2000
– www.hookedonevidence.org
– www.apta.org/opendoor/
– www.apta.org/Ptnow/

• Evidence in Motion in 2004
– www.evidenceinmotion.com

• Physiotherapy Evidence 
Database (PEDro) in 1999 (The 
Centre for Evidence‐based 
Physiotherapy, The George 
Institute for Global Health, 
University of Sydney, Australia)
– www.pedro.org.au/

Evidence

Past Focus
Present & 

Future Focus
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Our Unusual Problem?
• Animal rehabilitation is a relatively new discipline

– 1978 Ann Downer (OSU)

• Life expectancy of companion animals is increasing 
(www.vetinfo.com)
– 12.8 years for “random breed dog”

• Animal “sports” are becoming more popular (www.thebark.com)
– Entries in AKC sports in 2010 >3 million
– Entries in agility increased by 9%

• 62% of US households own a pet (www.americanpetproducts.org)
• Pet industry expenditures were estimated to be $52.87 BILLION in 

2012
– Food $20.46 billion
– Veterinary Care $13.59 billion
– Supplies/OTC Medications $12.56 billion

• Are we being blamed or congratulated for our patients’ successes?
– Are positive outcomes due to time, money, or effective care?

Why Should I Care about EBBP?

• Appropriate communication
• Efficient & effective patient care
• Client & referral source satisfaction
• Financial solvency

– Third party payers
• 1% of US pets insured in 2012 vs. 20% in Europe 
(www.usatoday.com)

• Pet insurance revenue  from $303 million (2009) to a projected 
$753 million in 2014

• Ensure vitality & acceptance of PHYSICAL THERAPY 
theories, techniques, interventions, & modalities as a 
standard of practice in veterinary medicine

Outcome Measures

• Tools, tests, or scales “that have been shown to measure 
accurately a particular attribute of interest… & are 
expected to be influenced by the intervention”

• Objective
• Quantitative
• Valid (measures what it intends to measure)
• Standardized procedure

– Administration
– Scoring

• Reliable (producing consistent & reproducible results)
• Responsive to clinical change
• Address an operationally defined, clinically relevant, & 

MEANINGFUL question



12/13/2012

4

Operational Definition

• Precise

• Specific

• Measurable

• Consensus in physical therapy & veterinary 
medicine

– “Manipulation”?

– “Flexion” or “extension”?

– “Lameness” or “gait deviation” or “antalgic gait”?

Subjective Measures

• Historical information

• Client goals & expected outcomes

• Client description of pain behaviors

– Acute Pain Scale

– Helsinki Chronic Pain Index

– Glasgow Composite Pain Scale—Canine Short Form

• Feline Pain Scale (derived from GCPS)

– Pain Assessment Questionnaire for Dogs with 
Osteoarthritis

AAHA:  Pain is the 4th Vital Sign (2007)
• Temperature, pulse/heart rate, respiratory rate (TPR), 
& pain

• All can be assessed before, during, & after 
implementation of a rehab intervention; long & short 
term; at rest vs. during activity;  with palpation or with 
PROM
– Patient tolerance

– Safety of intervention (Red flags?)

– Improvement in fitness levels?

• Pain management might be the primary reason for 
referral (or self‐referral) to PT
– Outcome measures will lead to modification of the PT plan 
of care if this objective is not met (or progress is not made)
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Signs of Pain
Aloff B.  Canine Body Language:  A Photographic Guide 
Interpreting the Native Language of the Domestic Dog

• Patient‐specific (socially‐
acquired) behaviors
– Effect of medications

– Presence (or absence) of 
owner/client

• Situation‐related behaviors
– “White‐coat syndrome”

– Environmental stimuli 
(sounds, smells, etc.)

• Breed‐specific behaviors

• Changes in behavior or 
demeanor
– Anxiety, excitement, fear

• Variability in HR, RR

• Δ in activity level
– Locomotion

• Δ in appetite

• Tail carriage

• Facial expression
– Ear position

• Vocalization

Objective Measurement of Pain

• Pressure algometers & dolorimeters

– Pain threshold/intensity

– Pain tolerance

– Pain sensitivity

• Buhari S et al.  Subcutaneous administration of Tramadol after 
elective surgery is as effective as intravenous administration 
in relieving acute pain & inflammation in dogs. The Scientific 
World Journal, vol. 2012, Article ID 564939, 7 pages, 2012. 
doi:10.1100/2012/564939

Acute Pain Scale
http://www.ivapm.org/attachments/0
97_CSU%20Acute%20Pain%20Scale%2
0‐%20Canine%20v.2.pdf
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Helsinki Chronic Pain Index

Glasgow Composite Pain Scale –
Canine Short Form

• Is the dog…
– Quiet (0), crying/whimpering, groaning, screaming (3)?

• Is the dog…
– Ignoring any wound/painful area (0), looking at it, licking it, robbing it, 

chewing it (4)?

• When the dog rises or walks, is it…
– Normal (0), lame, slow/reluctant, stiff, refuses to move (4)?

• With gentle pressure 2” around a wound/painful area, the dog…
– Does nothing (0), looks around, flinches, growls/guards the area, 

snaps, cries (5)

• Is the dog…
– Happy/content/bouncy (0), quiet, indifferent/nonresponsive to 

surroundings, nervous/anxious/fearful, depressed/nonresponsive to 
stimulation (4)?

• Is the dog…
– Comfortable (0), unsettled, restless, hunched/tense, rigid (4)?

GCPS‐SF

• Maximum score  = 24

• If assistance is required 
for locomotion, do not 
complete the mobility 
assessment (maximum 
score = 20)

• Analgesic intervention 
recommended for score 
>/= 6/24 or 5/20
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Feline Pain Scale
• Is the cat…

– Comfortable/relaxed(0), lateral with limbs extended/muscles tense, sternal with arched 
back/head low/reluctant to move, frequently moving/unable to find a comfortable 
position (3)?

• Is the cat…

– Looking with bright/alert eyes/ears (0), looking with slightly dull eyes/flat ears, looking 
with partially closed eyes/ears flat & to the side, growling/hissing with an aggressive facial 
expression, depressed with semi‐closed eyes, elevated 3rd eyelid/ears flat to the side (4)?

• When interacting with the cat, is it…

– Interested in you/surroundings, friendly (0), quiet/uninterested/indifferent, attempting to 
hide/escape/scared, agitated/aggressive/attempting to scratch/bite, refuses to move or is 
unresponsive (4)?

• With gentle pressure 2” around a wound/painful area, the cat…

– Does nothing (0), flinches/vocalizes, turns head towards you/vocalizes/tries to bite, 
escapes/tries to bite when approached/doesn’t allow palpation, is too rigid so to avoid 
painful movement (5)

• Is the cat…

– Happy/content (0), quiet, indifferent/nonresponsive to surroundings, 
nervous/anxious/fearful, depressed/nonresponsive to stimulation (4)?

• Is the cat…

– Comfortable (0), unsettled, restless, hunched/tense, rigid (4)?

Pain Assessment Questionnaire for 
Dogs with Osteoarthritis
Hielm‐Bjorkman et al.  JAVMA 2003;222(11)1552‐1558. 

• In general, how is your dog’s appetite?

– Very good (0), good, neither good nor poor, poor, very poor (4)

• In general, what is your dog’s mood?

– Very alert, alert, neither alert nor indifferent, indifferent, very 
indifferent

• What is your dog’s frequency of contact with human family members?

• What is your dog’s frequency of tail wagging?

• What is your dog’s frequency of pacing?

– Very often, often, sometimes, hardly ever, never

• What is your dog’s level of activity?

– Overactive, active, neither active nor calm, calm, too calm/apathetic

• What is your dog’s willingness to participate in playing or in games?

– Very willing, willing, reluctant, very reluctant, does not participate at all

• Is your dog willing to walk?

• Is your dog willing to trot?

• Is your dog willing to gallop?

• Is your dog willing to jump?

• Is your dog willing to walk up 
stairs?

• Is your dog willing to walk down 
stairs?

– Very willing, willing, 
reluctant, very reluctant, 
does not participate at all

• How does your dog lie down?

• How does your dog get up after 
rest?

– With great ease, easily, 
neither easily nor with 
difficulty, with difficulty, with 
great difficulty

• Have you observed your dog 
panting excessively?

• Have you observed your dog 
licking his lips?

• Have you heard your dog audibly 
complain or vocalize?

• Is your dog aggressive towards 
humans?

• Is your dog aggressive towards 
other dogs?

• Is your dog submissive in a 
“pack”?

• Does your dog have problems 
moving after a long rest?

• Does your dog have problems 
moving after heavy exercise?

– Never, hardly ever, 
sometimes, often, very often



12/13/2012

8

Canine Brief Pain Inventory (CPBI)
http://research.vet.upenn.edu/PennChart/AvailableTools/tabid/1969/Default.aspx

• Client/owner assessment (0‐10 NRS) of chronic pain
– Valid, reliable, responsive for hip dysplasia, appendicular bone 

cancer

• Severity Score (average)
– What is your pet’s pain…

• At the worst?
• At the least?
• On average?
• Right now?

• Interference Score (average)
– How does pain interfere with normal functioning?  (6 questions)

• Quality of life question

CBPI

Objective Measures

• Weight & Body Condition Score (BCS)

• Girth

– Strength

– Inflammation/Edema

• Range of Motion

• Functional Mobility
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Body Condition & Composition

• Weight management important especially in 
patients with osteoarthritis &/or IVDD 
(www.pettedbliss.com)

• Objective measures
– Body weight

– Weight‐height ratio

– Body condition scores (BCS)

– Dual energy x‐ray absorptiometry (DEXA)

– Girth measures (neck, chest, waist, thigh)

Hill’s BCS
www.vetcetera.com/about_bcs.asp

Purina BCS

www.purinaveterinary
diets.com/resources/F
iles/dog_chart.pdf
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Purina BCS

www.purinaveterinary
diets.com/resources/fil

es/cat_chart.pdf

Hill’s BFI
www.hillsvet.com
/conference‐

documents/Weigh
t_Management/T
herapeutic_Weigh
t_Reduction_Prog
ram/Hills_Therape
utic_Weight_Redu
ction_Program_La

minate.pdf

Muscle Strength
• Muscle torque production
• Inadequate strength?  Muscle imbalances?  Compensatory 
movement strategies?
– Risk factors for future injury or exacerbation?

• Direct:  MRI, CT, DEXA
• Indirect:  Serial girth measurement

– No significant difference if fur clipped or intact, patient 
sedated or awake

– Cooper H et al.  Use & misuse of the tape measure as a means 
of assessing muscle strength & power.  Rheumatol Rehabil.  
1981 Nov;20(4):211‐8.

• Impractical:  MMT, dynamometry
• Qualitative:  Descriptions of functional strength, muscular 
endurance, & motor control

• EMG & kinematics
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Inflammation/Edema

• Serial circumferential 
girth measurements

• Water displacement 
volumetry

PROM

• Dogs: 
– Jaeger G, Marcellin‐Little DJ, 

Levine D.  Reliabiltiy of 
goniometry in Labrador 
Retrievers.  AJVR 2002 
Jul;63(7):979‐86. 

– http://www.utc.edu/Faculty/D
avid‐Levine/Goniometry.pdf

• Cats:
– Jaeger et al.  Validity of 

goniometric joint 
measurements in cats.  AJVR 
2007 Aug;68(8):822‐6.

– http://avmajournals.avma.org/
doi/abs/10.2460/ajvr.68.8.822?
journalCode=ajvr

• Affected by:
– Overpressure

• What is the endfeel?

– Pain
– Patient & joint position
– Patient medicated or sedated
– Is there spasticity, 

crepitus/popping/grinding, or 
pain?

• What is the patient’s response 
to PROM?

• Attention to passive 
insufficiency?  Flexibility?

Functional Mobility

• Including:
– Static vs. dynamic postures
– Transitions or transfers
– Gait
– ADL

• Considering ROM, 
functional strength, motor 
control, static & dynamic 
balance, & proprioception

• Levels of independence
• Balance grades
• Functional scores & scales

– Cincinnati Orthopaedic
Disability Index

– Canine Functional 
Independence Measure 
(CFIM)

– Quality of Life (5H2M) Scale
– Canine Timed Up & Go Test 

(CTUG)
– Functional Stifle Score
– Bioarth Functional Evaluation 

Scale 
– Hip Score
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Operational Definitions of Traditional 
PT Levels of Functional Independence

• Independent (I)
– Complete independence with task, timely, safely.

• Modified independence (modI)
– Independent with a device or with more time required.

• Supervision (S)
– Subject performs 100% of task with therapist/handler present for safety.

• Contact guard assistance (CGA)
– Subject performs 100% of task with therapist/handler in manual contact with 

subject for safety.

• Minimal assistance (minA)
– Subject performs at least 75% of task.

• Moderate assistance (modA)
– Subject performs 50‐75% of task.

• Maximal assistance (maxA)
– Subject performs 25‐50% of task.

• Dependence (D)
– Total assist of therapist/handler necessary, subject performs less than 25% of 

task.

Operational Definitions of Traditional 
PT Static & Dynamic Balance Grades 

(Sitting & Standing Positions)
• Normal

– Able to maintain balance without support.
– Accepts maximum challenge.
– Can weight shift in all directions.

• Good
– Able to maintain balance without support.
– Accepts moderate challenge.
– Can weight shift but with limitations.

• Fair
– Able to maintain balance without support.
– Cannot tolerate challenge or maintain balance with weight shift.

• Poor
– Requires support to maintain balance.

• Zero
– Requires maximum assistance to maintain balance.

Gait

• Static & dynamic

• Standing

• Walking

• Trotting

• Descriptors of weight 
bearing 
– NWB

– TTWB

– PWB

– WBAT

– FWB
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Static Weight Bearing & Distribution

• Four calibrated 
bathroom scales

• Stance Analyzer by 
PetSafe

• Uni‐Cam Quadruped 
Biofeedback System

• Sphygmomanometer 
cuff pressure 
measurement

Dynamic Kinematic Gait Analysis

• Vicon

• GAITRite

• Tekscan

• AMTI

Description of Gait Deviations

• Evans C et al.  Method of 
analysis of canine slow 
walk.  Orthopaedic
Practice, 2003;15(2):10‐
17.

• AROM

• Weight bearing
– Frequency

– Quality

• Cadence

• Stance or swing time
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Lameness Scores
Millis DL:  Assessing & measuring outcomes, in: Millis DL, Levine D, & Taylor RA: Canine 

Rehabilitation & Physical Therapy.  St. Louis, MO, Saunders, 2004, pp 211‐227.

• 0/5
– Normal.

• 1/5
– Slight, intermittent lameness.

• 2/5
– Obvious weight bearing lameness.

• 3/5
– Severe weight bearing lameness.

• 4/5
– Intermittent non‐weight bearing lameness.

• 5/5
– Continuous non‐weight bearing lameness.

Cincinnati 
Orthopaedic
Disability Index 
(CODI)

Gingerich DA, Strobel JA. Use of client‐
specific outcome measures to assess 
treatment effects in geriatric, arthritic 
dogs:  controlled clinical evaluation of 
a neutraceutical.  
VetTher;2003;4(1),56‐66.

C‐FIM
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Quality of Life (5H2M) Scale
Villalobos A.  Quality of life assessment techniques for veterinarians.  Vet Clin

Small Anim,41(2011):519‐29.

• DVM committed to prevention/relief of animal 
suffering
– Aging, ailing, terminally ill pets

– Palliative care, pet hospice

• Caregivers’ responses on scale can make them 
more aware of areas of home or veterinary 
care than need more attention
– For example, if there are pressure sores, the pet’s 
bedding might be re‐evaluated or a turning 
schedule might be implemented.

Quality of Life
McMillan FD.  Quality of life in animals.  JAVMA,216 (12): June 15, 

2000.  1904‐10.

• Quality of life does not have an 
operational definition but is 
judged individually based on client 
values & preferences

• “QoL is a multidimensional, 
experiential continuum.  It 
comprises an array of affective 
states, broadly classifiable as 
comfort‐discomfort & pleasure 
states.  In general, the greater the 
pleasant & lesser the unpleasant 
affects, the higher the QoL.  QoL is 
a uniquely individual experience & 
should be measured from the 
perspective of the individual.”

Five Freedoms of Animal Welfare
www.fawc.org.uk/freedoms.htm

• Freedom from hunger & thirst

• Freedom from discomfort

• Freedom from pain, injury, or disease

• Freedom to express normal behaviour

• Freedom from fear & distress
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5H2M Quality of Life Scale

• Hurt, hunger, hydration, hygiene, happiness, 
mobility, “more good days than bad days” 
(5H2M)

– Each rated 0‐10

• Score of >35 points is an acceptable QoL

• Proxy evaluation (by client/owner/caregiver)

• Unsubstantiated validity of all QoL scales

5H…
• Hurt:  adequate pain control, including breathing ability, is 

first & foremost on the scale.  Is the pet’s pain successfully 
managed?  Is oxygen necessary?

• Hunger:  Is the pet eating enough?  Does hand feeding 
help?  Does the patient require a feeding tube?

• Hydration:  Is the patient dehydrated??  For patients not 
drinking enough water, use subcutaneous fluids once or 
twice daily to supplement fluid intake.

• Hygiene:  The patient should be kept brushed & cleaned, 
particularly after elimination.  Avoid pressure sores & keep 
all wounds clean.

• Happiness:  Does the pet express joy & interest?  Is it 
responsive to things around it (e.g. family, toys)?  Is the pet 
depressed, lonely, anxious, bored, or afraid?  Can the pet’s 
bed be near the kitchen & moved near family activities so 
as not to be isolated?

…2M

• Mobility:  Can the patient get up without assistance?  Doe 
the pet need human or mechanical help, such as a cart?  
Does it want to go for a walk?  Is it having seizures or 
stumbling?  Some caregivers believe euthanasia is 
preferable to amputation, but an animal with limited 
mobility may still be alert & responsive & can have a good 
QoL as long as the family is committed to quality care.

• More Good Days Than Bad:  When bad days outnumber 
good days, QoL might be too compromised.  When a 
healthy human‐animal bond is no longer possible, the 
caregiver must be made aware that the end is near.  The 
decision needs to be made if the pet is suffering.  If death 
comes peacefully & painlessly, that is ok.  
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Roxy:  A Case Study

• Roxy is a 7 y.o. SF Dogue
de Bordeaux
– Bilateral TPLO 2009, 2010 

– Cervical FCE 2011

– Cervical 
decompression/ventral slot 
2012

• Outcomes:
– ROM

– Girth for strength

– C‐FIM

– Acute pain scale

– OA scale

The End (or just the beginning)
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Measuring Change in Canine 
Rehabilitation:

Outcome Tools for Clinicians 

Cindy McGregor, PT, PhD, OCS

Objectives

• 1.  Identify owner-completed subjective tools for lameness 
which have strong psychometric properties.

• 2.  Recognize subjective tools with poor testing properties.

• 3.  Discuss the advantages and disadvantages of various 
objective tools for measurement of lameness, quality of life, 
functional mobility, or associated pain.

• 4.  Determine the appropriateness of portable pressure, 
balance, and kinematic systems.

• 5.  Discuss the Canine Timed Up and Go test in terms of 
indications, limitations, and metric properties.

• 6.  Administer the CTUG and use the results to focus 
treatment on specific impairments.

Next 2 hours…

• Subjective Tools
– Test properties

– Formats

– In-house scales

– Canine Movement Assessment Questionnaire

– Canine Brief Pain Inventory

• Objective Tools
– Force plates   $250,000

– Walk/trot portable pressure mats 30,000

– Stationary balance systems 4,000

– Canine Timed Up and Go                                  song

Psychometric Properties   

• Reliability

– Intrarater – 1 rater on multiple occasions

– Interrater – between 2 or more raters

– Test-retest – stability; repeated administrations when thing being measured hasn’t changed

• Validity

– Face - weakest, appears to test what it claims

– Content – items in tool adequately sample the universe of the target variable 

– Criterion

• Concurrent with gold standard

• Predictive – criterion will be available in future 

– Construct

• Extreme groups – are 2 groups distinguishable on new test

• Convergent – compare 2 tools measuring same construct

• Discriminant (AKA divergent) – not correlated with unrelated variables

Psychometric Properties   

• Sensitivity/Responsiveness

Sensitivity – ability to measure any amt of change

Responsiveness – ability to measure clinically important change

– MDC – Minimal detectable change

• Amount of change needed to exceed measurement error (a formula)

– MCID – Minimal clinically important difference

• Amt of change in external criterion (such as GRCS) to merit change in intervention

– MCII – Major clinically important improvement
• More definitive response 

• Value dependent on method used (ie. 3 anchor-based approaches to 20cm step test: 5, 
12.8, 16.4)

Simple Subjective Tools for Lameness

• Simple descriptive scale (SDS)

• Numerical rating scale (NRS)

0       1        2        3        4        5        6        7        8        9      10       

• Visual analog scale (VAS)

no pain could not be

any worse

no pain could not be

any worse

0
no pain severe pain

1 2 3
mild pain moderate pain
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“The magic number seven plus or minus two:  
Some limits on our capacity for processing 
information.”  

Miller, 1956

pitch or loudness

saltiness of a solution

position of a point on a line

size of a square

On 101 numerical scale for pain, almost all grouped numbers in multiples of 5 or 10.  
Jensen et al, 1994

Holten et al1

• Raters – 3 to 4 veterinarians

• Dogs – 50 post-surgical 

• Observed leaving kennel, walking 10 
meters, sustained pressure over wound, 
return to sit or lie down

• All 3 forms of scales completed, various 
times starting 1 hr post op to next day

Holten et al - Findings

• SDS
– Kappa agreement ranged from 0.21 – 0.37

• NRS
– Interrater differences accounted for 30-32% of 

total variability 

• VAS 
– Interrater differences  accounted for 35-36% 

of total variability

• Authors concluded variability among 
veterinarians accounted for large 
differences in pain scores.

Quinn et al2

• Raters – 1 board-certified surgeon

2 small-animal surgical residents

• Dogs – 21 tibial osteotomy

• Rated pre-op, 4 & 8 wks post-surgery

• All completed lameness NRS and VAS

• NRS ICCs = 0.30, 0.58, 0.38

• VAS ICCs = 0.24, 0.61, 0.35

• Disappointing interrater reliability

Canine Movement Assessment Questionnaire (CMAQ)
(Hudson JT et al, 2004)3

• Approached lameness as learned avoidance of pain

• 48 lame dogs    3 cohorts  (1-2 wks change ≤ 10% PVF)

• 10-cm VAS format “more likely to detect subtle changes” 

vs NRS

• Reduction process  39 questions 19 repeatability 11  

in categories of owner assessment, mobility & behavior; 

questions chosen by regression models of how well they 

predicted dependent variables of total peak vertical 

difference, vertical impulse difference & peak propulsion 

difference

Canine Movement Assessment Questionnaire (CMAQ)
(Hudson JT et al, 2004)3

No single force captures lameness
– Play voluntarily predicted total vertical impulse difference

– Stiff when rising predicted total peak propulsion difference

– Forces differed by how dog redistributes when lame and whether 

acute or chronic
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Canine Brief Pain Inventory (CBPI)
(Brown DC et al, 2007)4

• Based upon human Brief Pain Inventory
– Severity factor – unchanged from BPI

– Interference factor– adapted to dog behaviors by vets & focus groups

• 11-point NRS, 11 questions

• Test-retest reliability - 70 pet owners of dogs with 
lameness  2° to OA

• Construct  validity – Extreme groups comparison with 50 
comparable normals (p<0.001)

• Convergent validity – Overall QOL vs severity and 
interference scores

• Excellent test-retest reliability, high internal consistency, 
construct and convergent validity

CBPI Follow-Up Studies - Responsiveness
(Brown DC et al, 2008)5

• Double-blind RCT

• 70 dogs with OA:

– 35 carprofen

– 35 placebo

• Owners completed CBPI

– Day 0

– 14-16 days later

• Results for severity and interference scores

– Carprofen both significant (p<.001)

– Placebo      no significant change  (37% improvement vs 3%)

CBPI detected improvement in severity & interference scores as well as 
differences in improvement between groups

Comparison of Validated Subjective Instruments 

Canine Movement Assessment  Questionnaire

• Hudson JT et al, 2004

• Owner-completed

• 12 questions

• VAS

• Validated with force plate data

Canine Brief Pain Inventory

• Brown DC et al, 2007

• Owner-completed

• 11 questions

• NRS (0-10)

• 2-factor: severity and 
interference

• Convergent validity between 
scores for 70 dogs with OA vs
50 normal dogs

• Responsiveness (p< 0.001) in 
RCT of 70 dogs with OA

Objective Tools for Lameness7

Goniometry

• Jaegger G et al8

– 16  Labrador retrievers, 3 raters, peripheral joints

• before and after sedation

• goniometry vs radiography

– Intrarater (median variability 3°) 

– Interrater, no sig difference (p<.01)

– Goniometry vs radiography, no sig. difference (p<.01)

– Awake vs sedation, no sig. difference (p<.01)

• Benson et al9

– 17 Basset hounds vs 17 Irish wolfhounds

– Intrarater reliability (ICC3,1) = .99

– Statistically significant differences between breeds in 8 of 12 joint motions; ie. 
universal normative tables of limited value

Girth Measurements
Millis DL, Scroggs L, Levine D et al.10

• Thigh circumference  measured by 2 raters 
using Gulick-type tape measure

• Measured standing, flexed & extended at 
50% and 70% thigh length; awake vs sedated

• Interrater within 3.5% of each other

• Sensitive enough to determine changes 
within 2 wks of an event that caused min. wt 
bearing

• Authors recommended:

– 70% thigh length (from gr troch to lat fabella)

– stifle  extended

– dog relaxed
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Force Plate Systems

• Camoflaged or embedded FP

• Reaction forces measured in 3 planes

• Most commonly used are frontal: 

– Peak vertical force (Zpeak or PVF)
• Max ground rxn F in stance phase

– Vertical impulse (Zimpulse or VI)
• Total force over time

• For lameness discrimination (Evans et al11)

– PVF

– Falling slope (FS)
• Rate of unloading

Issues12

Pressure Mat Systems 
Example:  Gait-4-Dog

• Portability and easy to 

use

• Immediate feedback

• Captures sequential 

steps for measuring some 

variables used in rehab
– Stance time and Stance %GC

– Stride Length and Stride time

– Symmetry of Gait and Center 

of pressure

Stationary Balance Systems  
Example:  Stance Analyzer

Comparison of weightbearing at a stance vs. trotting in dogs with 

lameness.  Millis D et al.13

• Purpose:  Compare  results of lameness analysis between 

computerized stance results and force platform results

• Methods: 

– 20 lame dogs

– PVF and VI as mean of 4 trials of trotting  vs static wt bearing (WB)
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Millis13 Cont’d

• Results: 

– Pearson correlation between stance analyzer  and PVF/VI = 0.82 (p<0.0001)

– Significant assn between stance WB and PVF (R2=0.66; p<0.05)

– Significant assn between WB and VI (R2=0.66; p<0.05) 

• Conclusion:  

– Wt bearing evaluation  at a stance compared favorably with force 

platform findings

– Suggested that stance analysis was an affordable alternative for 

objective lameness assessment

Gap in the veterinary rehabilitation literature

• Lack of objective, functional
outcome measures

• Lamoreaux-Hesbach14

Orthopaedic Physical Therapy Practice, 2003

Purpose

To determine the 
psychometric properties of 
a proposed CTUG test 
among dogs with lameness 
of orthopedic origin

• Reliabilities

• Convergent validity

• Minimal detectable change

Dogs 

Inclusion Criteria

• Bouts of observable 
lameness ≥ 6 mo.

• Orthopedic primary Dx

• Age ≥ 18 mo

• Wt ≥ 13 kg (30 lbs)

• Obey owner to lie down, 
stand up and come

• Lived with owner ≥ 6 mo

Exclusion Criteria

• Lameness of non-orthopedic 
origin

• Major change in meds last 6 wks

• Meds within 4 hrs of testing

• Lack of necessary obedience

14kg (31lbs)                62kg (137 lbs)

Dog Diagnoses

Primary etiology, secondary etiologies not listed
†Tibial plateau leveling osteotomy

Diagnosis N

Hip OA bilateral (7) or unilateral (1) 9

CCL tear, untreated  7

Hip dysplasia bilateral, without OA (6) or with OA (1) 7

CCL tear treated by filament repair (4) or TPLO† (2) 6

Hind limb weakness, etiology unknown 3

Elbow OA 3

Elbow dysplasia 2

Shoulder OA 2

Spondylosis, no neuro deficit 2

Spondylosis, neuro signs, r/o degenerative myelopathy 1

Amputation midshaft femur 1

Stifle pain of soft tissue origin, Hx subluxing patella 1

Hock contracture s/p infection and debridement 1

Avulsed Achilles tendon, plate and screw fixation 1

No lameness 5

Table 1.  Primary Veterinary Diagnoses
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Raters

• 2 female, 2 male

• Aged 47-63 yrs

• Clinical experience           ˃ 20 
years

• Academic faculty

• Specialty certifications

– OCS

– NCS

– SCS

Stand Up Event

Statistical Analysis - Reliabilities

• Intraclass Correlation Coefficients (ICCs)
– Intrarater

• Shrout & Fleiss15 ICC (3,1)  2-way mixed model
• McGraw & Wong16 “consistency” 

– Interrater
• Shrout & Fleiss ICC (2,1)  2-way random model
• McGraw & Wong   “absolute agreement”

– Test-retest
• Shrout & Fleiss ICC (2,k)  2-way random model
• McGraw & Wong   “absolute agreement”

Results

• Intrarater reliabilities

– [ICC(3,1)], consistency   .961 - .999 

• Interrater reliabilities

– [ICC(2,1)], absolute agreement   .953 - .994

• Test-retest reliabilities

– [ICC(2,1)], absolute agreement

• Gait   single trial  .855, .887,  mean 2 trials .961

• Stand single trial .718, .318, mean 2 trials .771

• Total time single trial .878, .741, mean 2 trials .940
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Significance of CTUG Correlations with the Four Validity Criteria

Criterion Stand Up
p-value

Gait
p-value

Total Time
p-value

CMAQ Total Score

p=.001 p<.001 p<.001 

CBPI Severity Score 
for  last 7 days

p=.007 p=.002 p=.003

CBPI Interference Score
for last 7 days

p=.001 p=.006 p=.001

CBPI Total Score p=.001 p=.001 p=.005

* Kendall’s tau used for all correlations
† Sample limited to dogs within 1 standard deviation for height and weight
Abbreviations: CMAQ, Canine Movement Assessment Questionnaire; CBPI, Canine Brief Pain Inventory

Validity – highest correlations at p< .001

• Stand up event – physical function
– CMAQ:  overall assessment, happy dog postures, morning stiffness 

standing up

– CBPI: abilities to stand, walk, run, climb stairs/curbs

• Gait event – pain, quality of life
– CMAQ:  overall assessment, happy dog postures, willingness to play, 

exercise frequency, morning stiffness standing up, lameness at a walk, 
pain with turning suddenly

– CBPI:  worst pain, average pain, overall quality of life

Limitations

• Appropriate at level of the individual?

• Responsiveness?

• Able to discriminate between normal gait and 
minimal lameness?

• Generalizability

Lameness from neurologic, immunologic, infectious 
or neoplasic conditions excluded

Conclusion
The CTUG is an appropriate tool 

to objectively measure changes 
in lameness of orthopedic 

origin at the group level.
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Canine Movement Assessment Questionnaire (CMAQ)
(Hudson JT et al, 2004)3

• Approached lameness as learned avoidance of pain

• Developed on 48 lame dogs

• 10-cm VAS format, 12 questions, owner-completed

• Validated by how well predicted dependent variables of total peak 
vertical difference, vertical impulse difference & peak propulsion 
difference

Use of CMAQ for assessment of pain and lameness among 
dogs with orthopedic lameness is reliability  and valid 
based upon force plate data.  Permission can requested 
from Margaret  Slater at  margaretslater@aspca.org or 
mslater@cvm.tamu.edu.  The study:  Hudson JT, Slater 
MR, Taylor L et al.  Assessing repeatability and validity of 
a visual analogue scale questionnaire for use in 
assessing pain and lameness in dogs.  Am J Vet Res.  
2004;65(12):1634-1643.

Canine Brief Pain Inventory (CBPI)
(Brown DC et al, 2007)4

• Based upon human Brief Pain Inventory

– Severity factor – unchanged from BPI

– Interference factor– adapted to dog behaviors by vets & focus groups

• 11-point NRS, 11 questions, owner-completed

• Test-retest reliability - 70 pet owners of dogs with lameness  2° to OA

• Construct  validity – Extreme groups comparison with 50 comparable normals
(p<0.001)

• Convergent validity – Overall QOL vs severity and interference scores

• Excellent test-retest reliability, high internal consistency, construct and convergent 
validity

Use of CBPI for assessment of severity and severity of chronic pain and 
treatment for dogs with osteoarthritis  and for bone cancer is valid, 
reliable and responsive.  It is copyrighted but permission to use it can 
be requested at    www.CanineBPI.com or dottie@vet.upenn.edu

Canine Timed Up & Go (CTUG) – General Rules
• Materials:  basic stopwatch, marking tape or 

chalk/paint

• Participants: dog, owner/motivator, tester

• 2 discrete subtasks: stand up & gait (lie down 
found to be invalid)

• Timing begins with movement in the 
appropriate direction rather than with 
command.  

• Practice trial unnecessary  (no learning effect 
found)

• Interrater reliabilities for both components
– ICC(2,1), absolute agreement  .953-.994

• Test-retest reliabilities (mean of 2 trials)
– ICC(2,1)  gait .961; stand up .771; total time .940

• Validity
– P≤.006 for correlations with all criteria: Canine 

Movement Assessment Questionnaire Total Score, 
Canine Brief Pain Inventory Severity Score, Interference 
Score, Total Score

CTUG Protocol – Stand Up Component 

• Start position - lying down with lower abdomen 
in contact with ground & fore limbs outstretched

• Timing starts when dog initiates upward 
movement

• Timing stops when limbs are extended to the 
dog’s habitual stance position. Timing continues 
to completion even if several tries are required to 
achieve standing.

• For this event, the average of 2 trials per session 
is recommended for test-retest reliability

CTUG Protocol – Gait Component 
• A narrow, non-slippery track consists of taped lines at 

1,7,10 meter marks. Actual distance timed is 6 m.
• Start position - Tester holds standing dog behind 1m 

mark.
• Owner/motivator stands behind 10m mark. This 

prevents deceleration before 7m mark.
• Owner/motivator chooses communication – verbal, 

hand gestures, incentive treats- as long as consistent
• Timing starts when dog initiates self-paced, forward  

movement.  Unleashed or slack leash. 
• Timing stops when first paw crosses the 7m mark.
• For this event, only 1 trial per session is necessary for 

test-retest reliability

mailto:margaretslater@aspca.org
mailto:mslater@cvm.tamu.edu
http://www.caninebpi.com/

