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Objective: To investigate the ability of medical infrared imaging to differentiate
between normal canine elbows and those with abnormal elbows (elbow dysplasia).
Study Design: Prospective cohort study.
Animals: Dogs with normal (n¼ 15) and abnormal (n¼ 14) elbows.
Methods: Infrared imaging was performed on all dogs and data analyzed via
descriptive statistics and image pattern analysis software. Animals with elbow
dysplasia had arthroscopic procedures to confirm the presence of elbow disease.
Results: Computer recognition pattern analysis was up to 100% correct in
identifying abnormal elbows and normal elbows, with the medial images most
consistent. The caudal, lateral, and cranial images correctly identified 83–100%
abnormal elbows. The caudal and lateral images correctly identified 83% normal
elbows. A significant difference in temperature was found between normal and
abnormal elbows for the cranial full region of interest, lateral images, and each
quadrant.
Conclusion: Medical infrared imaging was able to correctly identify known abnormal
and known normal elbows in dogs.

Canine elbow dysplasia is one of the leading causes of
forelimb lameness in the dog. It is a generalized term used to
describe several abnormalities that differ in pathophysiology
but that all contribute to structural and functional elbow
abnormalities. These abnormalities include fragmented coro-
noid process, osteochondritis dissecans of the distal humerus,
ununited anconeal process, and joint incongruity.1–4 Certain
breeds have a genetic predisposition for elbow dysplasia.1,5

Making a diagnosis of elbow dysplasia can be challenging
and localizing the site of pain to the elbow can be difficult
when a dog has subtle lameness or clinical signs. The
diagnostic capabilities of radiographs are highly dependent on
position,2,6,7 and radiographs can be described as normal in
dogs with elbow disease and lameness.8 Computed tomog-
raphy (CT) and arthroscopy are more accurate than radio-
graphs in the diagnosis of elbow dysplasia but can be
expensive and require general anesthesia.6–9 Previous reports
have identified CTas the gold standard for evaluation of elbow
dysplasia but more recent studies indicate that arthroscopy is
more sensitive and specific for diagnosis.7,8,10,11 Less
frequently utilized modalities, such as magnetic resonance
imaging (MRI) and nuclear scintigraphy, are useful in
detecting elbow dysplasia.12,13 Both of these modalities
require specialized equipment that may not be readily
available, require general anesthesia, and are expensive to
acquire.

Medical infrared imaging, also known as thermography,
is a noninvasive screening tool used in people and animals to
detect abnormal physiologic changes associated with
disease.14–19 Medical infrared imaging measures and dis-
plays a visual image of infrared radiation emitted by the
body surface. Typically, the infrared image is a color map
where warmer colors (white, red, orange, and yellow)
represent areas of elevated temperature (e.g., those asso-
ciated with inflammation, increased circulation or metabolic
rate), and cooler colors (green, blue, and black) represent
areas of decreased tissue temperature or perfusion (e.g.,
vascular shunt, infarction, or change in autonomic nervous
system).15,19,20 The change in superficial heat is responsible
for changes in the color map, not the heat from deeper
tissue.15,17 The superficial heat detected by the infrared
camera is related to sympathetic nerve control of skin blood
flow (depth �5mm) and the increase and decrease of
postganglionic pressure that regulates microdermal blood
flow. This is linked to the central nervous system and reflects
thermatomal changes relating to deeper structures and
functions. Thus medical infrared imaging can be used in
subjects of all sizes, regardless of body fat percentage.

New infrared imaging systems incorporate focal plane
array detectors with high-speed images and spatial resolution.
Image recognition software allows objective analysis of
thermal patterns.17 Medical infrared imaging is used in
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people for screening orthopedic conditions,21–28 neurologic
injuries,29–31 neoplasia,16,32 and vascular disorders.20,33,34

Medical infrared imaging can detect changes in the thermal
pattern before changes are noted on radiographs.25,35

Medical infrared imaging has been reported mostly for
use in large animals, such as llamas, cattle, and horses, to
aid in diagnosis of infectious,36,37 reproductive,38,39 ortho-
pedic,15,40 and neurologic conditions.39,41,42 Other reports
describe normal patterns in healthy dogs,43 differentiation of
cranial cruciate ligament deficient stifles from normal stifles
in dogs,44 and intervertebral disc disease in chondrody-
strophic dogs.45

Medical infrared imaging is a non-invasive modality
and of low cost to the owner. There is no exposure to
ionizing radiation and no adverse effects. Thus, infrared
imaging offers advantages as a screening tool for detection
of disease. The purpose of this prospective study was to
establish a thermal pattern for abnormal elbows in dogs with
elbow dysplasia, and to compare to the pattern from normal
elbows of dogs. This study also assessed the ability of
medical infrared imaging with computerized image recog-
nition pattern analysis to correctly identify abnormal elbows.
The mean temperature of various regions of interest (ROI)
between abnormal and normal elbows was compared for
statistical significance.

MATERIALS AND METHODS

Selection of Cases

All adult dogs presenting with forelimb lameness were
initially included. Each dog had a physical, orthopedic, and
radiographic examination. Dogs with radiographic evidence
suggestive of elbow dysplasia were confirmed via arthroscopy
and were included in this study. Dogs were excluded if there
was evidence of neurologic or concurrent orthopedic disease.
Fifteen dogs (6 Labrador retrievers, 6 golden retrievers, and 3
Bernese mountain dogs; 3 spayed female, 9 neutered male, 2
entire male, 1 entire female) with a median body weight of
36 kg (range 28–48 ), and a median age of 24 months (range
6–122) were selected for the study. All dogs had elbow
effusion and acute or chronic onset of non-weight bearing to
partial-weight bearing lameness. Eight of 15 dogs had
forelimb muscle atrophy. Hematologic and serum biochem-
istry were within reference intervals. Both elbows were
imaged in all dogs and all radiographic and arthroscopic
findings were documented (Table 1).

Selection of Controls

Fifteen Labrador retrievers (1 entire male, 14 entire females)
from a training–breeding program (Guide Dog Foundation for
the Blind, Smithtown, NY) were evaluated as for the cases
with physical, orthopedic, and radiographic examinations.
Computed tomography was performed and used to confirm
each elbow as normal. The dogs had a median body weight of T
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27 kg (range 23–35) and a median age of 12.5 months
(range 9–15).

Imaging Procedure

All dogs had limited exercise, weremaintained in temperature-
controlled runs, and imaged in a room at the same 70°F (21°C)
temperature. A stand mounted infrared camera (Med 2000
IRIS, Meditherm, Inc., Beaufort, NC) with a focal plane array
amorphous silicone microbolometer was used for all images.
For real-time data analysis, the camera was connected to a
laptop computer. To minimize thermal artifacts from manual
contact, trained technicians handled the dogs by the tail and
head using latex gloves at all times. To minimize background
artifact potentially created by temperature differences in
exterior walls, the dogs were placed in front of a uniform
interior wall in a custom designed infrared imaging suite. The
distance from the camera to the dogs was �1.5m. Medical
infrared imaging of right lateral elbow, medial right elbow, left
lateral elbow, medial left elbow, cranial elbow, and caudal

elbow were obtained (Fig 1A–F). All images were taken with
the dog in a standing position. The handler held the dog’s paw
and gently extended the limb until the medial elbow was
clearly visible. The region of the elbow was defined as
distal one-third of the humerus to proximal one-third of the
radius/ulna. All images were obtained with an intact haircoat.

A software program (Meditherm, Inc.) was used to save,
analyze, and review the data. The program was preset at
8°C temperature scale with a 16-shade color map converted
from black and white. White and red color maps were chosen
to represent warmer temperatures and blue and black color
maps to represent cooler temperatures. The program calcu-
lated the maximum (max), mean (avg), and minimum (min)
temperatures of each image. Custom image recognition
software (CVIPtools, Computer Vision and Image Processing
Laboratory, Department of Electrical and Computer Engineer-
ing, School of Engineering, Southern Illinois University,
Edwardsville, IL) was used to perform computer recognition
pattern analysis and to compare thermal patterns of abnormal
to normal elbows.

Figure 1 Position of the dog's forelimb (left) with correspondingmedical infrared images (right). (A) Right lateral elbow (FRL2). (B) Rightmedial elbow
(MFR2). (C) Left lateral elbow (FLL2). (D) Left medial elbow (MFL2). (E) Left and right cranial elbows (AFLL2, AFLR2). (F) Left and right caudal elbows
(PFLL2, PFLR2).
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After infrared imaging was complete, all dogs were
premedicated with hydromorphone 0.1mg/kg subcutaneously
and atropine 0.4mg/kg subcutaneously. General anesthesia
was induced with telazol 2.2mg/kg intravenously (IV) and
maintained with isoflurane in oxygen via an endotracheal tube.
After induction in the controls, CT (Marconi M�8000,
Marconi, Medical Systems, Inc., Cleveland, OH) was
performed.46 After induction in the cases, the elbows were
prepared for aseptic surgery and elbow arthroscopy was
performed with a 2.4-mm, 30° rigid arthroscope (Karl Storz,
Tuttlingen, Germany). Thirteen of the 15 cases had bilateral
elbow arthroscopy performed without complication. One case
had unilateral arthroscopy on a single affected elbow and 1
case had unilateral elbow and shoulder arthroscopy performed
on the same limb. All cases were discharged 2 days later and
returned for a physical examination at 2 and 8 weeks.

Imaging Pattern Analysis

The CVIPtools software was used to evaluate and analyze the
images. Two different experiments were performed to
determine which would provide better results. Set I experi-
ments used the standard method for pattern classification and
Set II experiments used the standard method and the multi-
layer perceptron/neural network method. With Set I, different
trials were performed, varying the features and the texture
distance. The primary differences between the trials were the
texture distance and the number of sectors and rings used
with the spectral features. With Set II, different pattern

classification techniques with all possible combinations of the
data normalization and distance metrics were applied on the
different views in the image set. Histogram, texture, and
spectral features were extracted to training and test sets in
different combinations and with texture distance 2 and 6.

An additional analysis of the images was performed.
Cross-validation experiments were performed using the
“leave-one-out” testing method. Seven sets of experiments
were performed with the CVIP-FEPC (CVIP feature extrac-
tions and pattern classification tools), with each set having
2,046 permutations, and using K-nearest neighbor as the
classification method. The 3 views with the best results from
these experiments were then analyzed using the Partek
Discovery Suite and linear discriminant analysis.

Experiments were run to classify each segment as a
normal elbow or an abnormal elbow. Images from known
abnormal elbows and images from known normal elbows were
reviewed. The enhanced mask creation software was used for
this project. This enhanced software facilitates the creation of a
large number of masks. Additionally, algorithms were
developed with the CVIP-ATAT (algorithm test and analysis
tools) for automatic mask creation. Both the CVIP-ATAT and
CVIP-FEPC were performed as previously described.45 The
percentage of abnormal elbows that were correctly identified
as abnormal by thermography, and the percentage of normal
elbows correctly identified as normal by thermography are
reported. Multiple views of thermography were examined and
reported. Regions examined: AFLL is the left cranial elbow,
AFLR is the right cranial elbow, FLL2 is the left lateral elbow,

Figure 2 Medical infrared images of the regions of interest. (A) Right lateral elbow (FRL2). (B) Right medial elbow (MFR2). (C) Left lateral elbow
(FLL2). (D) Left medial elbow (MFL2). Q, quadrant examined.
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FRL2 is the right lateral elbow, MFL2 is the left medial elbow,
MFR2 is the right medial elbow, PFL2 is the left caudal elbow,
and PFR2 is the right caudal elbow.

Statistical Analysis

The mean and standard deviation (SD) of the temperature
identified at each anatomic section was reported for abnormal
and normal elbows. Themean of the minimum, maximum, and
average temperatures for each region are reported, including
AFLLmin, AFLLmax, AFLLavg, AFLRmin, AFLRmax,
AFLRavg, FLL2min, FLL2max, FLL2avg, FRL2min,
FRL2max, FRL2avg, MFL2min, MFL2max, MFL2avg,

MFR2min, MFR2max, and MFR2avg. Temperatures from
the caudal regions were not examined. These measurements
were nested within dogs. The temperature for regions was
compared between abnormal and normal using Student’s t-test
with comparisons made for the full ROI and then per quadrant
1, 2, 3, or 4 (Fig 2). Significance was determined at P<.05 for
any comparison with no adjustments for multiple testing.

RESULTS

Computer recognition pattern analysis demonstrated a differ-
ent pattern for abnormal elbows compared to normal elbows.

Figure 3 Medical infrared images of abnormal elbows with elbow dysplasia (left) compared to normal elbows (right). (A) Right lateral elbow (FRL2).
(B) Right medial elbow (MFR2). (C). Left lateral elbow (FLL2). (D) Left medial elbow (MFL2). (E) Left and right cranial elbows (AFLL2, AFLR2). (F) Left
and right caudal elbows (PFL2, PFR2).

Table 2 Percentage Correctly Identified Elbows by Standard and Multi-Layer Perceptron Classification Methods

Standard Multi-Layer Perceptron

Images Abnormal Elbow (%) Normal Elbow (%) Images Abnormal Elbow (%) Normal Elbow (%)

MFR 100 100 MFR 92 92
PFL 100 83 PFL 70 63
FRL 92 83 FRL 91 78

MFR, medial elbow; PFL, caudal elbow; FRL, cranial elbow.
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In the lateral images of normal elbows, there was subjectively
amore uniform and cooler pattern, mostly shades of green over
the epicondyles. The medial image was similar to the lateral
image but the patterns were slightly warmer (green to orange).
The cranial and caudal images were similar with green to blue
patterns along the lateral surfaces and yellow to orange along
the medial surfaces. Abnormal elbows had similar but warmer
patterns than the normal elbows. The lateral images had an
orange to white pattern just caudal to the epicondyles, whereas
the epicondyles are green. The medial images also revealed an
overall warmer pattern (orange to red) with a small area of
green over the epicondyle. The cranial and caudal images were
similar to the normal elbows in pattern with warmer color
distribution medially (Fig 3A–F).

In Set I, abnormal elbows were correctly identified from
thermographic images 100%on themedial images, 83% on the
cranial images, and 86% on the lateral images. In Set II,
standard results and multi-layer perceptron were compared
(Table 2). Identification of abnormal and normal was highest
on the medial images and best results were determined using
the standard method. With the medial images, abnormal
elbows were correctly identified 100% with the standard
method and 92% with the multi-layer perceptron technique.
With the caudal images, abnormal elbows were correctly
identified 100% with the standard method and 83% with the
multi-layer perceptron technique. With the lateral images,
abnormal elbows were correctly identified 92% with the
standard method and 83% with the multi-layer perceptron.
Results for normal elbows were best using the standard
technique and the multi-layer perceptron technique using the
medial images and poorest on the caudal images (Table 2).

Table 3 Mean (Standard Deviation) Temperature (°C) for the Full
Region of Interest (ROI)

FULL ROI

Region Normal Elbow Abnormal Elbow P-Value t-test

AFLLmin 24.7 (1.7) 23.3 (1.7) .029
AFLLmax 30.9 (2.0) 28.6 (1.7) .002
AFLLavg 27.5 (1.8) 25.6 (1.8) .005
AFLRmin 24.6 (1.4) 23.4 (1.9) .056
AFLRmax 30.8 (2.0) 28.5 (2.0) .003
AFLRavg 27.5 (1.6) 25.9 (1.8) .016
FLL2min 25.5 (2.0) 23.9 (1.9) .018
FLL2max 30.0 (1.6) 29.0 (1.9) .147
FLL2avg 28.1 (1.5) 26.5 (2.0) .018
FRL2min 25.2 (1.8) 23.8 (2.2) .055
FRL2max 30.3 (2.4) 28.9 (2.2) .102
FRL2avg 28.2 (1.6) 26.6 (2.4) .036
MFL2min 25.9 (1.9) 24.4 (2.3) .060
MFL2max 31.9 (2.1) 31.2 (2.3) .369
MFL2avg 29.8 (1.7) 28.2 (2.9) .076
MFR2min 25.8 (2.0) 24.8 (2.3) .236
MFR2max 31.9 (1.5) 31.4 (2.3) .440
MFR2avg 29.7 (1.4) 28.4 (2.6) .105

AFLL, left cranial elbow; AFLR, right cranial elbow; FLL2, left lateral
elbow; FRL2, right lateral elbow; MFL2, left medial elbow; MFR2, right
medial elbow; min, minimum temperature; avg, average temperature;
max, maximum temperature.
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Experiments performed with CVIP-FEPC showed correct
identification of abnormal elbows on the medial image for
90%, the cranial image for 85%, and the lateral image for 80%.
The linear discriminant revealed a correct identification rate of
95% for the medial image.

There was a statistically significant difference in the
temperature between normal and abnormal elbows for
multiple ROI and also in the quadrants (Tables 3 and 4).

DISCUSSION

Computer pattern analysis was able to identify abnormal
elbows and normal elbows. The medial images provided the
best results and consistency for classification of normal versus
abnormal elbows in both Set I and Set II studies. In people with
lateral epicondylitis or tennis elbow, medical infrared imaging
shows a discrete localized area of heat (warmer color pattern)
near the lateral epicondyle.47–49 People exhibit pain and have
associated inflammation,47–49 similar to that in dogs with
elbow dysplasia because of synovitis, effusion, and degener-
ative bone change.4,6,50,51 The abnormal elbow images in the
present study showed similar warmer color patterns and
documented temperature increases. Normal infrared images
for people show a negative gradient over the epicondyle,
which is a colder pattern than the surrounding tissue.47–49 The
thermal pattern images of normal elbows in the present study
showed similar cooler patterns and temperatures. In people,
medical infrared imaging was able to correctly identify 94–
98% of people with lateral epicondylitis.47,49 The present
study showed the standard method of analysis was able to
correctly identity 100% of abnormal elbows.

The lateral, cranial, and caudal images were less able than
the medial images to allow correct identification of normal and
of abnormal. However, the classification of normal, and the
classification of abnormal was correct greater than 80% of the
time, making these images still useful for assessment,
especially if reviewed in conjunction with the medial images.
The lesser results with the lateral, cranial, and caudal images
may be because of difficulty positioning the dogs to obtain
these images. Also, the changes in the thermal pattern in the
superficial surfaces on these sides of the limb may have less
differentiation. Most of the changes noted with elbow
dysplasia are associated with the medial aspect of the elbow.
Further studies separating specific diseases associated with
dysplasia may reveal different patterns.

Most of the significant differences in regional temper-
atures between normal and abnormal elbows were noted on the
cranial and lateral images. This was true for the full ROI and
when the elbow was separated into 4 quadrants. Many other
regions were not significantly different and thus temperatures
differences between abnormal and normal may be small. We
did not separate the abnormal dogs based on specific elbow
disease or degree of degeneration. Analysis referent to specific
disease or stage of disease may show other results.

Previous studies in people show early stages of joint
disease with inflammation have changes on medical infrared

imaging without radiographic changes. As the joint disease
progressed and cartilage and bone become degenerative, both
medical infrared imaging and radiographs showed abnormal-
ities.25,35 The present study in dogs shows medical infrared
imaging can identify dogs with abnormal elbows that have
abnormalities on arthroscopy and radiographs. Further studies
are needed to determine whether there are specific thermal
patterns for specific elbow changes and whether medical
infrared imaging can identify changes in dogs that do not yet
have changes on radiographs.

A limitation of this study was the fact that we did not
control for a specific disease associated with elbow dysplasia
or other elbow diseases, such as neoplasia or infection. The
degree of joint degeneration, degree of lameness, nor length of
haircoat was also not controlled. Further studies to evaluate
medical infrared imaging for detection of specific elbow
disease, determination of degree of joint degeneration, and to
clarify whether the length of hair coat affects the pattern are in
the planning stages. No dogs were re-imaged at follow-up
examination.

This study shows medical infrared imaging reveals an
abnormal thermal pattern in dogs with elbow disease.
Computer pattern analysis can classify known abnormal joints
correctly up to 100%of the time. Although there are significant
temperature differences in some regions between normal and
abnormal elbows, temperature differences appear small.
Medical infrared imaging is non-invasive and may have a
role combined with physical examination to screen dogs for
elbow disease.
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