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thermographic images of the forelimb digits
of normal horses
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Abstract — Infrared thermography is an imaging modality gaining popularity as a diagnostic aid
in the evaluation of equine lameness. Anecdotal reports of skin hyperthermia induced by local
anesthesia, detected by thermography, have been made; however, no controlled studies have been
reported. The purpose of this study was to examine the effects of perineural anesthesia on infrared
thermographic images of the forelimb digits in normal horses. After environmental acclimation, infrared
thermographs were made at intervals of 0, 5, 10, 15, 30, and 45 min from administration of mepi-
vacaine hydrochloride or phosphate buffered saline in 6 adult horses with no clinical evidence of
abnormality of the forelimb digits. The mean limb surface temperatures were compared by 2-factor
ANOVA. Results indicated no significant difference between treatments, time after injection, or an
interaction of time and treatment. Infrared thermographic imaging apparently can be performed within
45 min of perineural mepivacaine hydrochloride anesthesia without risk of artifactual changes in limb
surface temperature.

Résumé — Effet de I’anesthésie périneurale sur ’image thermographique a ’infrarouge de
Pextrémité distale du membre antérieur de chevaux normaux. La thermographie infrarouge est
une forme d’imagerie qui gagne en popularité comme outil de diagnostic dans I’évaluation de la boi-
terie chez le cheval. Des cas isolés d’hyperthermie de la peau produite par 1’anesthésie locale et détec-
tée par thermographie ont été signalés; cependant, aucune étude contrdlée n’a été menée. Le but de
cette étude était d’examiner les effets de 1’anesthésie périneurale sur les images thermographiques
a I’infrarouge de I’extrémité distale des membres antérieurs de chevaux normaux. Apres accli-
matation au milieu, des thermographies infrarouge ont été effectuées a intervalles de 0, 5, 10, 15,
30 et 45 minutes apres 1’administration d’hydrochlorure de mépivacaine ou d’une solution saline
tamponnée au phosphate a six chevaux adultes ne présentant aucun signe clinique d’anomalie
des membres antérieurs. Les températures de surface moyennes des membres ont été comparées par
une analyse de la variance a deux criteres de classification. Les résultats ne montrent aucune différence
significative en fonction du traitement, du délai apres I’injection ou de I’interaction entre le délai et
le traitement. L’imagerie thermographique a 1’infrarouge peut apparemment étre réalisée moins de
45 minutes apres I’administration de 1I’anesthésie périneurale a 1’hydrochlorure de mépivacaine sans
risque de produire des phénomenes parasites affectant la température de surface du membre.

(Traduit par Docteur André Blouin)
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Intfroduction While these studies are very encouraging, most reports

Infrared thermographic imaging of horses has been
used increasingly in equine practice and has been con-
sidered a good tool for detection of lesions with the
potential to cause lameness. Recent studies have reported
the relationship between the detection of early thermo-
graphic changes and the onset of clinical lameness (1-3).

review the clinical utilization of infrared imaging and there
is very little documentation describing controlled eval-
uations of thermography as a diagnostic tool.

Infrared thermography and potential veterinary appli-
cations for this imaging technique have been described
(2-11). These reports mostly describe thermographic
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imaging of spontaneous disease and attempts to corre-
late images to disease or injury diagnosed by other
means. Normal thermographic patterns in the horse
have been described (4,12). A study in cattle has revealed
the successful utilization of thermography in the detec-
tion of localized sepsis in the pinna after contaminated
growth stimulant pellets had been administered (13). One
report describes the potential for thermography to detect
early tissue changes in flexor tendons that may pre-
cede the frank tendon fiber tearing that is characteristic
of a “bowed” tendon (3). This work may lead to
improved diagnostic interpretation of infrared images for
tendon evaluations and at other sites. In a study in
which the correlation between Thoroughbred racehorse
trainers’ perceptions of potential problems and veterinary
diagnoses supported by thermographic assessment was
evaluated, it was determined that the correlation was
excellent and that, in most cases, there were increases in
heat 2 wk before clinical problems were noted (1).
While this work is encouraging, most veterinary descrip-
tions of infrared thermography are based on anecdotal
impressions rather than on controlled evaluations of the
potential for this modality to be an effective diagnostic
tool in equine practice.

Current infrared thermographic instrumentation can
detect skin temperature differentials of 0.1°C (12).
Thermographic information can be detected and mapped
with graphic and numerical data to allow the determi-
nation of focal temperature changes between 2 regions
within an image (10,14). Inflammation in subcutaneous
and deeper tissues can be reflected by local tissue tem-
perature changes of = 1°C (12,14). Human hands and
fingers can detect temperature differentials on patient skin
of = 2°C (14). It has been claimed that modern infrared
cameras are at least 10 times more sensitive than human
hands in detecting temperature changes in a patient’s
skin (12). Instrumentation that can reveal tissue inflam-
matory change associated with injury or disease would
be very beneficial in patient evaluation.

Thermography likely has great potential to assist
diagnosis in equine lameness. The assessment of subtle
temperature changes associated with inflammation
could be very important in the detection of early and
clinically relevant inflammation associated with pain and
lameness. The ability to describe and relate thermo-
graphic data to specific injured or inflamed sites in the
equine limb has seldom been documented in the
veterinary literature (11,15,16). There is a common
agreement among practitioners that this is possible,
but complete descriptions are lacking. Other consid-
erations are necessary to completely understand the
appropriate use of infrared thermography in examinations
for equine lameness. The timing of thermography in rela-
tion to the other standard components of a lameness
examination needs to be thoroughly delineated.
Specifically, the creation of artifacts that may confuse
interpretation of infrared images should be understood
and avoided if possible. Preparation for and utilization
of local anesthetic nerve blocks has been speculated
to create thermographic artifacts. It has been suggested
that regional nerve anesthesia adversely affects infrared
thermography by causing a thermal blush, secondary to

vasodilation from sympathetic blockade (14,17).
Conversely, another author believes nerve injuries with
disturbed sympathetic tone may result in an image that
reveals thermal cooling (2).

The purpose of this study was to evaluate the effects
of regional nerve anesthesia on thermographic imaging
of the digit in the forelimbs of normal horses.

Materials and methods

Horses

Six adult horses with no abnormalities on physical exam-
ination of the fetlock and pastern regions were used in this
study. Horses were housed in 12' X 12' stalls or pad-
docks for a minimum of 3 h prior to experimentation in
order to eliminate the effects of exercise. Each horse was
fed to meet National Research Council requirements and
each was routinely vaccinated for protection against east-
ern equine encephalitis, western equine encephalitis,
influenza, and tetanus. Each horse was routinely dewormed.
The research protocol performed on these horses was
submitted to and accepted by the Kansas State University
Institutional Animal Care and Use Committee, prior to the
initiation of the study.

Preimaging preparation

Gross debris was removed distal to the proximal aspect of
the metacarpus on each forelimb. Each forelimb was
cleansed and prepared for routine perineural local anesthetic
injection over the palmar digital neurovascular structures
at the abaxial sesamoid regions on both medial and lateral
aspects of the limb. Chlorhexidine gluconate 4% and
isopropyl alcohol 90% were utilized for topical disin-
fection. A minimum of 60 min was allowed for the skin
surface and hair to dry before study injections were
performed.

One forelimb was randomly selected on each horse for
local anesthetic injection. Mepivacaine hydrochloride
(HCI1) (3 mL) (Carbocaine; Pharmacia & Upjohn,
Kalamazoo, Michigan USA) was injected into the SC
tissue plane at the medial and lateral abaxial sesamoid
sites over the palmar digital neurovascular tissues,
using a 2-cm, 23g needle and a 3-mL syringe. The con-
tralateral limb was injected similarly at the abaxial
sesamoid sites, as an injection control, with 3 mL of
phosphate buffered saline (PBS). All perineural injections
were subsequently tested by pressure application around
the coronary band with a blunt instrument to assess
that anesthesia was appropriately attained.

Thermal imaging

All thermographic data and images were collected in a
closed, covered, indoor environment following a minimum
3 h period of acclimation to this environment for the
horses under study. The horses were restrained with a
halter and lead rope. Neither sedatives nor tranquilizers
were utilized for restraint, due to the vasodilatory properties
of these pharmaceuticals. Imaging was performed in all
instances at the same time of day under similar ambient
temperature conditions, as recorded and measured by the
thermographic camera and analytical software. The horses
were fasted for 2 h prior to and during the imaging
procedure to avoid postprandial thermal variation. Infrared
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thermograms of the skin temperatures of the lateral and
medial surfaces of the forelimbs at the fetlock and pastern
regions, centered at the disinfected abaxial sesamoid
regions, were obtained. To establish baseline, thermal
images were taken on 3 consecutive days before the
injections began. Then, thermal images were collected
immediately after local anesthetic and saline injections
(time 0) and at the following temporal increments: 5, 10,
15, 30, and 45 min or until baseline measurements were
resumed. Images were repeated at 24 h in 3 of the horses.
The thermal imaging equipment consisted of a high
resolution, short wave (3 to 5 pum), radiometric infrared (IR)
camera (PM-280 ThermaCam; Inframetrics, North
Billerica, Massachusetts USA). The IR camera is equipped
with a 16° field of view lens with images displayed in a
focal plane array arrangement of 256 X 256 pixels. The
camera is calibrated annually by the manufacturer to
maintain precision of 0.2°C per pixel, and tested against
a known heat source at 1.0 emissivity to assure accu-
racy. Images were taken at a distance of 2 m, perpendic-
ular to the lateral and medial surfaces of the study sites.
This imaging distance results in a single pixel area of
2.2mm? (2 m X 17.5 mrad X 16° lens/256 pixels = 2.187
mm/pixel; actual measurement using IR camera on a
1" object was 25 mm/11 pixels = 2.27 mm) on the limb
surface.

Images were stored on high-resolution SVHS videotape
for postimaging processing and evaluation with analyti-
cal software (ThermaGram Pro 95; Inframetrics). Effective
mean limb surface temperature (MLST) for the targeted
site was calculated from an approximately 3000-pixel area
selected over the pastern and fetlock region of each fore-
limb image. The analytical software utilizes the mean of
the pixels composing the targeted area within each image
to determine the surface temperature of the limb. Effective
mean temperature for the areas was calculated to allow
comparison of changes in MLST, as affected by the time
after the injection protocol. Regional surface temperature
changes in each limb in relation to the baseline images
were noted and recorded.

A minimum washout period of 72 h was allowed for
each horse. Then, the limb that received mepivacaine HCl
was injected with PBS and the limb that received PBS
was injected with local anesthetic. Infrared thermo-
graphic imaging, imaging storage, and analysis were
similarly repeated.

Statistical analysis

All results are the mean of 3 replicate thermal images of
both medial and lateral views at each time interval after
injection. Each forelimb injection was considered a
separate treatment for purposes of analysis. Data analy-
sis was completed by using a commercial statistical
software package (SAS, version 8; SAS Institute, Cary,
North Carolina USA). Residual plots were used to eval-
uate data for normality and variance before and after
logarithmic transformation. Normal distribution and
equal variance occurred in the residual plots of loga-
rithmically transformed data. Two-factor ANOVA with
repeated measures was used to determine the effects
of anesthetic injection, time after injection, and their
interactions on MLST. Covariance was evaluated by first-
order autoregression. Dunnett’s test was applied to
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Figure 1. Mean limb surface temperature (MLST) (°C) as a
result of treatment. No significant (P > 0.05) differences
were revealed between perineural anesthetic and perineural
phosphate buffered saline (PBS) injections at the abaxial
sesamoid sites of the forelimbs in clinically normal horses. LA
= left forelimb with anesthetic injection, RA = right fore-
limb with anesthetic injection, LS = left forelimb with PBS
injection, RS = right forelimb with PBS injection. Error bars
indicate 95% confidence intervals.

compare all groups to the control for separation of time
after injection. Significance was established at P < 0.05.

Results

Each horse tolerated the chlorhexidine scrub and alco-
hol applications, local anesthetic and saline injections,
and infrared imaging without complication or resis-
tance. No environmental complications were encountered
and ambient temperatures were held steady at 20° to
22°C. Infrared images were obtained successfully for
each horse at all time intervals.

The perineural injection of mepivacaine HCI did not
create a significant effect on MLST compared with the
perineural injection of PBS (P = 0.8527) (Figure 1). The
MLST at each time interval up to 45 min postinjection
was not significantly different from the MLST at time O.
The MLST at 30 min (P = 0.2100) and 45 min (P =
0.0666) was less than time O and the preceding time
intervals (P = 0.9086 to 0.9930) (Figure 2). Images
obtained at 24 h on 3 horses indicated that the skin
temperature was similar to that at the time of the 45-min
images, but they were not included in the statistical
analyses. The interaction between mepivacaine HCI or
PBS and time after injection displayed no significant
effect on MLST (P = 0.8665) (Figure 3 and 4).

Discussion

The results of this study reveal that local perineural
anesthesia with mepivacaine HCI had no effect on mean
limb surface temperature, as detected by thermographic
imaging. The data indicates that the MLST is not
significantly altered within 45 min of performing
perineural anesthetic injection. The calculated tempera-
ture of the images of the digit at 24 h was quite similar to
that of the 45-min images, so further 24-hour images
were not made on the remaining 3 horses. The values for
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Figure 2. Mean limb surface temperature (MLST) (°C) for all
treatments over time. Time after injection had no significant
influences on MLST (P > 0.05). Error bars indicate 95%
confidence intervals.
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Figure 3. Mean limb surface temperature (MLST) (°C) as a
result of the interaction between treatment and time.
Administration of anesthetic or phosphate buffered saline
(PBS) had no significant effect on MLST over time (P > 0.05).
LA = left forelimb with anesthetic injection, RA = right fore-
limb with anesthetic injection, LS = left forelimb with PBS
injection, RS = right forelimb with PBS injection.

time: 45

Figure 4. Infrared thermograms of normal forelimb digits at various time intervals in relation to perineural injection of
mepivacaine HCI. These images are typical of the results for anesthetized limbs in this study. Time: 0 = image at time
of mepivacaine HCl injection, time: 15 = 15 min postinjection of mepivacaine HCI, time: 45 = 45 min postinjection of

mepivacaine HCI.

24-hour images were not included in the statistical analy-
ses. Other authors have indicated that abaxial sesamoid
nerve blocks can result in elevated limb temperature;
however, these observations were made on horses being
evaluated for lameness and without having had
thermographic images taken prior to local anesthetic
injection (2,14). Therefore, an alternative interpretation
is that the temperature elevation was due to local inflam-
mation that may have preexisted in the affected fore-
limbs. In discussing areas of increased temperature on
thermographic images, Denoix (2) stated, “Normal
thermographic variation also must be considered.”
Denoix (2) observed that local tissue cooling might
result from injured nerves with decreased sympathetic
tone. Conversely, induced and spontaneous Horner’s
syndrome in the horse has resulted in thermographic
images showing unilateral skin temperature elevation in
the neck (18). Murray et al (19) utilized thermography
as an aid to diagnose neoplasia at the cervicothoracic
ganglion. The presenting signs were similar to those of

Horner’s syndrome, including unilateral hyperthermia
of the neck and forelimb. Elevated skin temperature,
unconfirmed by thermography, was also observed in
adult horses subjected to cervicothoracic ganglion
blockade induced by injection of lidocaine HCI (20).
Instillation of local anesthetic agents appears to mimic
the signs of naturally occurring sympathetic blockade.
However, these reported findings all involved more
centrally located neural lesions, where the concentration
of sympathetic nerve fibers is known to be much greater.

Myelinated type B fibers originate in the thoracolum-
bar spinal cord, leave the cord with motor fibers, but
soon separate from the spinal nerve to enter the chain
ganglia of the sympathetic truck (22). These are the
preganglionic fibers of the sympathetic nervous system.
Under “fight or flight” stimulation, type B nerve fibers
initiate peripheral vasoconstriction, which may allow
cooling of the skin temperature. Consequently, sympathetic
blockade by local anesthetics could allow increased skin
temperature (21). The sympathetic nerve fibers that travel
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peripherally with the spinal nerves are postganglionic nonmyelinated type C
fibers (22). These fibers are the sympathetic supply for blood vessels, erector
pili muscles, and sweat glands throughout the dermatome supplied by the
spinal nerve. Signs of blockade of type C fibers include “pain relief, loss of
temperature, sensation (21).” This might indicate that a decrease in surface
temperature of the distal part of the forelimb is more likely after sympa-
thetic blockade.

Local anesthetic agents may have variable influence on local vascular activ-
ity (21). Less vasodilator activity is produced when using mepivacaine
HCl rather than lidocaine HCI, resulting in a prolonged duration of activity
for mepivacaine HCI (21). This could help to explain why no effect was
observed in the thermographic images obtained in this study, which evaluated
the effects of mepivacaine, a commonly used local anesthetic agent in the
diagnosis of equine lameness.

Thermographic imaging has proven to be a valuable diagnostic tool for the
evaluation and treatment of lameness in horses. The ability to detect poten-
tial underlying injury and associated inflammation from changes in the
skin surface temperature changes in a noninvasive manner is very desirable.
To combine thermography with other tools of standard lameness evaluation
would improve the utilization and understanding of diagnostic capabilities.
It appears from this study that infrared thermographic imaging can be per-
formed after administration of perineural anesthesia with mepivacaine HCI
without creating artifactual changes of the limb surface temperature.  cw
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