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By Faith E. Hughes, DVM, DACVS

Highlights:

Advanced procedures require advanced training and 
practice for competence.

Training should be factored into the cost when purchasing 
new technology.

Practitioners must know when to refer due to lack of 
expertise.

Our profession is a diverse group in some ways. We 
choose different ways to spend our spare time, and we 
have some very differing definitions of work-life balance. 
However, in many ways, we are all similar. We live to learn 
and continue to improve our ability to practice, we value 
our patients and our clients and will do whatever we can 
to help them, and most of us like new shiny toys. The 
medicine we practice continues to advance at an exponen-
tial rate, often due to technologic innovation.

The reality is that, at times, we can obtain the tools to do 
more than we have the competence to do. In the beginning 
of my career, any horse that needed stifle radiographs was 
sent in to the hospital because the radiography equipment 
available at the time was incapable of taking quality stifle 
radiographs. Today, it would be unheard of for those 
horses to be referred to a hospital for radiographs because 
the portable radiology equipment we have at our disposal 
is amazing. This is a positive thing for the horse, the vet 
and the client. 

That same equipment can take high-quality skull radio-
graphs too, but not all veterinarians are trained to know 
how to take and interpret proper skull radiographs. This 
does not serve the horse or the client diagnostically or 
financially. They often still end up coming in to the 
hospital, but not because the equipment was inadequate. 
The same story could be told for ultrasound exams of the 
stifle, ultrasound-guided sacroiliac and vertebral facet 
injections, radiography of the cervical spine, and field 
colic surgery, to list a few. Sometimes it is as simple as 
being a reproductive veterinarian who is asked to 
perform a lameness/prepurchase exam on an upper-level 
dressage horse.

As with any other skill, 
advanced procedures require 
advanced training followed 
by practice to gain 
experience. Without the 
training, it is unlikely that 
techniques are being 
performed with competence, 
and also unlikely that the 
client will be able to make 
that determination. 
Advanced training doesn’t 
necessarily mean doing a 
residency, although a 
residency with culmination 
of an examination process 
and board certification 
frequently results in competence in advanced procedures 
and all the things that can go wrong with them. 

There are multiple continuing education opportunities 
available in almost all advanced procedures. These are 
usually short courses, and they are expensive. How much 
is it worth for someone to help teach you in two to three 
days what it took them years or a lifetime to learn? 
Sometimes it is easier to think about the cost of these 
opportunities as part of the cost of purchasing and 
maximizing the use of our new shiny toys. 

It seemed with the Great Recession that there was an 
uptick in the pressure from clients to perform more 
procedures on the farm. At the same time, there were 
many veterinarians who had more time to spend with each 
client to do those procedures. It is the responsibility of the 
care provider to know when to refer due to lack of 
expertise. It is damaging to the reputation of our 
profession and to the health of our patients for that 
decision to be made too late or not at all.

This is not to say that I wish we still did all stifle radio-
graphs in the hospital. If we did, we would not have time 
to do MRIs, CTs, and bone scans, which to date are not 
portable. Our ability to diagnose and treat horses has 
advanced in all arenas, and none of us are exempt from 
the necessity of continued advanced training. As long as 
communication remains a priority between referring and 
referral veterinarians, the patient is being managed by a 
team, and the client is being best served. 

There are many situations in life where knowing your 
limits is important, and veterinary practice is no exception. 

Dr. Hughes is a partner at Peterson & Smith Equine 
Hospital in Ocala, Fla., and a member of the AAEP’s 
Professional Conduct and Ethics Committee.

Ethics: Just because you can does not always mean you should 

Dr. Faith E. Hughes

Our ability to diagnose and treat horses 
has advanced in all arenas, and none of us 
are exempt from the necessity of continued 
advanced training. 

Training should be factored into the cost wh

Practitioners must know when to refer due

Our profession is a diverse group in some w
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Progress, potential emphasized at Welfare and Safety of the Racehorse Summit 

Industry collaboration and increased use of sophisticated 
data and new technology are moving the needle on 
welfare and safety-related enhancements in Thoroughbred 
racing, according to organizers of the seventh Welfare and 
Safety of the Racehorse Summit, held June 28 in 
Lexington, Ky.

Nine AAEP members were among the presenters at the 
summit, organized and underwritten by Grayson-Jockey 
Club Research Foundation and The Jockey Club. A video 
replay of the summit with links to individual presenta-
tions is available at www.grayson-jockeyclub.org. Selected 
highlights are presented below.

Equine Injury Database
Dr. Tim Parkin shared insights into the substantial drop 
in fatal injuries to 1.62 per 1,000 starts in 2015 
compared to previous years as compiled in the Equine 
Injury Database. He found a lower risk of fatal injury for 
horses that race at age 2, stay longer with the same 
trainer, have more time off between starts and race 
further than 6 furlongs.

Compounded Medications
Drs. Dionne Benson, Lynn Hovda and Scott Stanley 
discussed the illegal procurement of compounded drugs 
and the potential pitfalls for veterinarians who don’t 
understand the rules of compounding, including 
assumption of all liability for damages due to the use of 
compounded medications. 

Biomarker Research
Dr. Chris Kawcak examined how biomarkers could  
be used to prevent catastrophic injuries. He said that 
biomarker analysis for equine injury risk requires 
sequential diagnosis over time via various imaging  
technologies. 

Nutraceuticals
With nutraceuticals (oral joint supplements) in such 
common use for the treatment of osteoarthritis, the most 
common cause of lameness in horses, Dr. Wayne 
McIlwraith reviewed the scientific effectiveness of various 
nutraceutical products on the market. 

AAEP’s Prescription for Racing Reform
Drs. Kathy Anderson and Nat White discussed the associ-
ation’s 10-point plan to protect the health and welfare of 
the racehorse and help ensure the long-term viability of 
U.S. racing. The presentation included a look at current 
EIPH research funded by Grayson-Jockey Club Research 
Foundation and proposed EIPH research from the AAEP’s 
EIPH Panel.

Among other topics featured at the summit were the 
Equine Disease Communication Center, respiratory and 
airway health, and the importance of the physical 
inspection as it relates to lameness diagnosis.

Foundation volunteers in action

The AAEP Foundation thanks the following AAEP members for their investment of time 
and expertise in reviewing scholarship applications in 2016: 

This is just one of the many ways that members can help the AAEP and the Foundation as a volunteer. To explore 
volunteer opportunities, log in to www.aaep.org and complete the Volunteer Interest Form on your dashboard.

Dr. Kathy Anderson updates attendees on the progress of the 
AAEP’s Prescription for Racing Reform.

Dr. Carol Akers
Dr. Albert Andersen
Dr. Anthony Blikslager
Dr. Sabrina Brounts
Dr. Duane Chappell

Dr. Hoyt Cheramie
Dr. Cynthia Cole
Dr. Jordon Cook
Dr. Leslie Easterwood
Dr. Ryan Ferris

Dr. Carrie Hammer
Dr. Lisa Handy
Dr. John Lee
Dr. Ernie Martinez
Dr. Scott Spaulding

Dr. Holly Stewart
Dr. Dean Taylor
Dr. Nathan Voris
Dr. Suzi White

http://www.grayson-jockeyclub.org
http://www.aaep.org
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Highlights:

Grants and other solar incentives significantly reduced 
out-of-pocket costs.

Energy savings of more than $1 million expected over  
25 years.

Volume of available grants likely to decline in the future.

The transition from fossil fuels to sustainable, clean 
energy has been a frequent subject of news stories in 
recent years. One equine practice owner made the 
conversion in 2015 in what can already be described as a 
win-win for the practice and the environment. 

Dr. Grant Myhre, owner of Myhre Equine Clinic in 
Rochester, N.H., as well as nearby High Knoll Equestrian 
Center and Cocheco Veterinary Hospital, leveraged a 
number of incentives into a cost-effective switch to solar 
energy.

Phase one saw the purchase and installation of 176 solar 
panels on the roof of Myhre Equine Clinic in April 2015. 
More than 300 additional solar panels have since been 
installed at his two other facilities. The total cost, 
including necessary infrastructure related to roof rein-
forcement and wiring, exceeded $1 million. However, 
state and federal grants, federal tax credits and energy 
credits slashed Dr. Myhre’s out-of-pocket cost to just 
$65,000, which is entirely financed by loans at 4 to 4 ½ 
percent. He’s already paid back two-thirds of the total 
entirely from energy production. 

“It’s so much better than putting this money in a bank 
savings account earning less than one percent,” said Dr. 
Myhre. “You can’t beat the investment at all.”

In all, the panels will produce more than 150 megawatt 
hours of electricity this year, enough to cover nearly all of 
his facilities’ energy costs. The panels are guaranteed for 
25 years and will still be at least 80% efficient at that 
point. If the price of electricity increases 5% annually,  
Dr. Myhre will produce enough energy to save more than 
$1 million over the quarter-century, allowing him to 
provide more affordable services to his clients.

“The hardest thing is probably snow in the wintertime 
but they’re black panels so the snow melts off faster,” said 
Dr. Myhre. “The panels are rugged so you can scrape or 
shovel the snow off but you certainly want to be careful.”

For those considering a similar switch, Dr. Myhre said 
now is a good time but he recommends first consulting 
with someone in the business. 

“To acquire the grants and deal with the government red 
tape, you really need to enlist somebody who knows 
what they’re doing,” he said. “Right now, there are a lot 
of federal and state grants available but I think some of 
those will likely dry up in the future. If you’re going to 
do something, sooner is better than later.”

Environmental altruism is an ingrained part of the 
practice culture at Myhre Equine Clinic. In addition to 
the solar panels, Dr. Myhre drives an electric hybrid car 
that gets over 100 miles per gallon and has installed a 
charging station at his clinic that anybody can use. 

“We recycle and do all the things we can for the environ-
ment,” he said. “It’s not only a feel-good thing but it’s 
also good for business. Clients and other people 
appreciate that you’re not just in this for the buck. We’re 
taking that extra step to leave the smallest footprint we 
can in this world.”

Renewable energy makes environmental, economic sense for New Hampshire practice owner 

Dr. Grant Myhre displays the solar panels on the roof of the 
Myhre Equine Clinic. 

Energy savings of moref than $1 million expected over

Volume of availablef grants likely to decline in the future

The transition from fossil fuels to sustainable clean
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New External Parasite and Vector Control Guidelines available

Touch Point: The qualities that separate great veterinarians from good ones

AAEP’s market research with owners 
and trainers revealed they are 
currently very satisfied with their vet-
erinarians. However, more than half 
of owners said they had fired a veter-
inarian at some point. While satisfac-
tion with equine veterinary care is 

currently high, it may take an owner a few attempts before 
they find a veterinarian they like for the long term.

Looking at the differences between owners who are 
satisfied versus dissatisfied with their veterinarians reveals 
the key factors that distinguish great veterinarians from 
good ones. The following attributes received very 
favorable rankings from owners who were satisfied with 
their current veterinarian:

horse.” 

 
and treatment options.” 

Owners who were dissatisfied gave very low satisfaction 
rankings in these and other key attribute areas.

Excellent communication skills and empathy for the client 
and the horse can truly set veterinarians apart. To learn 
more about these research findings and access tools and 
resources that can help you strengthen your relationships 
with clients, visit touch.aaep.org. You will log in to the site 
using the same username and password as aaep.org.

New guidelines that provide current information about the 
control of ticks, flies, lice, mites and mosquitos have been 
published by the AAEP and are available on its website.

The External Parasite and Vector Control Guidelines also 
include pertinent information on the life cycle, biology and 
basic terminology used when discussing these parasites and, 
where appropriate, brief information on the diseases for 
which a specific parasite may serve as the vector. 

Created by the AAEP External Parasite Control Task Force, 
chaired by Dr. Dennis French, the guidelines are available at 
www.aaep.org/info/guidelines. Lice nits on a horse.

http://touch.aaep.org
http://www.aaep.org
http://www.aaep.org/info/guidelines
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AAEP voices concerns with proposed racing legislation during Capitol Hill meeting

The American Horse Council’s Annual Meeting and 
National Issues Forum, June 12-15 in Washington, D.C., 
provided an opportunity for industry stakeholders, 
including several AAEP members and staff, to discuss 
timely issues and meet with members of Congress on  
legislative matters. A synopsis of events follows:

Reservations with racing legislation expressed
During the annual “Congressional Ride-In,” AAEP repre-
sentatives met with Congressman Andy Barr (R-KY) to 
address concerns with the Thoroughbred Horseracing 
Integrity Act (H.R.3084) that Barr and Congressman Paul 
Tonko (D-NY) introduced in 2015.

Among AAEP’s chief concerns are the undefined role of 
the equine veterinarian in the legislation’s proposed anti-
doping authority, the bill’s current focus solely on 
Thoroughbred racing, and the ability of USADA to 
regulate a sport with far more participants than any sport 
they currently oversee.

AAEP will form internal working groups composed of 
racing practitioners and others with specific expertise to 
assess the bill and provide feedback as the legislative 
process continues.

PAST Act support reaffirmed
The AHC board of trustees reaffirmed the AHC’s support 
for the Prevent All Soring Tactics (PAST) Act (H.R.3268 
and S.1121), which would strengthen the Horse 
Protection Act and prevent the soring of Tennessee 
Walking Horses, Spotted Saddle Horses and Racking 
Horses. The bipartisan legislation has 263 co-sponsors in 
the House of Representatives and 49 in the Senate. 

The AAEP urges its members to contact their federal legis-
lators in support of this legislation. Contact information 
for members of the U.S. Senate and House of 
Representatives can be found at www.congress.gov/
members.

Operation Gelding to expand
The Unwanted Horse Coalition approved expansion of its 
popular Operation Gelding program, which has facilitated 
the castration of 1,348 stallions since its inception in 
2010. The AAEP is a founding member of the UHC and 
supports the coalition through annual grant funding from 
the AAEP Foundation.

Beginning Jan. 1, 2017, the UHC will increase funding 
per horse gelded to $100, approve two clinics per 
calendar year for qualified organizations and offer a 
voucher program.

Thoroughbreds, hunter-jumpers to be microchipped
The Jockey Club will adopt microchips with the 2017 
Thoroughbred foal crop and USEF will require all hunters, 
jumpers and equitation horses registered with the U.S. 
Hunter Jumper Association to be microchipped by Dec. 1, 
2017, to accumulate points. 

“Microchipping for horses has been used successfully in 
Europe since 2006 to monitor horse welfare, protect 
against theft, prevent fraud, track competition eligibility, 
and for tracing in the event of a disease outbreak,” said 
Summer Stoffel, who serves on USEF’s Horse Recording 
and ID Task Force Committee.

Additional benefits include reliable horse identification 
and the potential for greater ease of information transfer 
after the sale of a horse by attaching its pedigree, perfor-
mance and production histories to its microchip number.

Further information about The Jockey Club’s and USEF’s 
transition to microchips is available at http://tinyurl.com/
tjcchip and http://tinyurl.com/usefchip, respectively.

Drs. Cynthia MacKenzie and Reynolds Cowles were among 
the AAEP members and staff canvassing Capitol Hill during 
the AHC’s Congressional Ride-In.

http://www.congress.gov/members
http://tinyurl.com/tjcchip
http://tinyurl.com/usefchip
http://tinyurl.com/tjcchip
http://www.congress.gov/members
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Have a splashin’ good time at Foundation Celebration 

This year’s annual convention is all about making a splash, unless of course you’re 
teeing off in the AAEP Foundation Benefit Golf Tournament at 12:30 p.m. on Saturday, 
Dec. 3, prior to the start of the convention.     

Sponsored and hosted by Patterson Veterinary, Equine Division, the scramble tournament will be held at Shingle Creek 
Golf Club, rated a 4-Star “Best Places to Play” by Golf Digest and honored as 2015 Best Golf Course in Orlando by 
Golf Orlando Florida.

Shingle Creek Golf Club is known for its large undulating 
greens, plush fairways and abundance of water hazards. 
The course is located less than five minutes from 
convention hotels. 

The entry fee is $125 per person by Nov. 1 and $150 per 
person from Nov. 2-18. The fee includes greens fee, cart, 
range balls, transportation, lunch, post-event reception and 
a small donation to the AAEP Foundation. Club rentals are 
available on a first-come basis.

Download an entry form at  
www.aaep.org/info/golf or  
call the AAEP Foundation  
at (859) 233-1047.

Enjoy tee-to-green fun at Foundation Benefit Golf Tournament 

Cut loose for the welfare of the horse on your final night 
at the convention by joining your friends and colleagues 
at the 20th Annual AAEP Foundation Celebration on 
Tuesday, Dec. 6 at the Hyatt Regency Orlando.

The dance floor will be hopping with a high-energy per-
formance by The Free, an upscale party band that 
performs with a stylish, youthful energy and a homespun 
flair all their own. Their sets pull from the best of rock ‘n’ 
roll, modern pop hits, country favorites and classic R&B.

The popular silent auction and other “Fun-Raisers” will 
be offered during the evening. While the Foundation 
welcomes auction donations, please consider helping with 
a cash donation, which can be deployed more effectively 
toward the Foundation’s mission since there is no 
expense involved with shipping or setup.

For information on how to donate cash or an auction 
item, visit www.aaepfoundation.com and click the 
“Events” tab; or call (859) 233-0147. All auction 
donations must be confirmed by Oct. 28 to be accepted.

Foundation Celebration tickets may be purchased with 
your convention registration or on-site at the convention 
while supplies last until noon on Monday, Dec. 5. The 
$125 ticket price includes entertainment, buffet dinner 

and open bar from 6:00-8:00 p.m., silent auction, 
dancing and more.

Thanks to AAEP Education  
Partner Zoetis for its continued  
support and sponsorship of the  
AAEP Foundation Celebration.

EQUINE DIVIS ION

Dance the night away to The Free, who effortlessly cover 
multiple genres of music.

http://www.aaep.org/info/golf
http://www.aaepfoundation.com


62nd Annual Convention  

& Trade Show

A m e r i c a n  A s s o c i a t i o n  o f  E q u i n e  P r a c t i t i o n e r s

Make a splash!
Orange County Convention Center

December 3-7, 2016

Save $115 when you register by September 1!
www.aaep.org/info/annual-convention

http://www.aaep.org/info/annual-convention
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The AAEP welcomes new members and congratulates recent graduates

New Members:
Robin Anderson, DVM, Chiefland, FL
Guillermo Cardona, DVM, Summerfield, FL
Diane Harrington, DVM, Montevallo, AL
Mark Imhoff, DVM, Apple Creek, OH
Shannon Jones, DVM, Madison, GA
Anita Jordan, DVM, Waller, TX
Michael J. Kowalewski, DVM, Montrose, PA
Scott Martell, DVM, Platteville, CO
Maria Naskou, DVM, Athens, GA
Yann Philippe Panchaud, DVM, Tschugg, Switzerland
Randall Raymond, DVM, Grand View, ID
Marcos Santos, DVM, Earlysville, VA
Kathryn Elizabeth Sharbrough, DVM, Cedar Rapids IA
Kendall Willson, DVM, Wellington, NV

Recent Graduates:
Jennifer C. Allen, DVM, Woodside, CA
Jeremy Alltop, DVM, Sahuarita, AZ
Alison Baileys, DVM, The Plains, VA
Jamie Joy Balducci, DVM, Athens, GA
Denise Branecky, DVM, Rhinebeck, NY
Hillary Summers Brown, DVM, Ashland, VA
Holly Rebecca Brown, DVM, Ocala, FL
Melissa Bryant, DVM, Pasadena, MD
Stacy Ross Caffey, DVM, Edmond, OK
Michelle Callfas, DVM, Lloydminster, SK, Canada
Candice Chintis, DVM, Buckeye, AZ
Lena Clagg, DVM, Ada, OK
Erin Clarke, DVM, Edmond, OK
Gemma Cock, DVM, Cave Creek, AZ
Kelly Corcoran, VMD, Lexington, KY
Alyssa Coulombe, DVM, Edmonton, AB, Canada
Melissa DiFrancesco, DVM, Vacaville, CA
John P. Dwyer, DVM, Garnett, KS
Erin Eaton, DVM, Raleigh, NC
Brette Feldhacker, DVM, Lexington, KY
Sherri Denise Field Gard, DVM, Virginia Beach, VA
Patrick William Foth, DVM, Sterling Heights, MI
Sydney Gibson, DVM, Edmond, OK
Maria Camila Gonzalez, DVM, Wellington, FL
Amber Goodwin, DVM, Milton, VT

Danielle Gordon, DVM, Urbana, IL
Amanda Gray, DVM, Davis, CA
Kimberly Rae Hauck, DVM, Davis, CA
Amanda Hefner, DVM, Davis, CA
Ethan McRee Hefner, DVM, Littleton, CO
Elizabeth Hoaglund, DVM, Oakdale, CA
Anna Hood, DVM, Cincinnati, OH
Mary E. Huerter, DVM, Elk River, MN
Elizabeth Johnson, DVM, Athens, GA
Sam Johnson, DVM, Ocala, FL
Megan B. Jurasek, DVM, Gilbert, AZ
Molly Kaplan, DVM, Charleston, WV
Bruno Karam, DVM, Miami, FL
Drew W. Koch, DVM, Oakdale, CA
Elizabeth Lee, DVM, San Diego, CA
Matt Leshaw, DVM, Glenwood Springs, CA
Katie M. Loewenstine, DVM, Brandon, FL
Alicia Long, DVM, Blacksburg, VA
Meaghan MacQueen, DVM, Elmhurst, IL
Jacob Alan Malugin, DVM, Columbia, TN
Ryan Maraman, DVM, Elgin, TX
Katy Kirbow Mayhew, DVM, Littleton, CO
Katie McGuffin, DVM, Daphne, AL
Nigel Miller, DVM, Elizabeth, CO
Meghan Morrell, DVM, Milton, VT
Kassi Nicopoulos, DVM, Shelby, NC
Natalie Palumbo, DVM, College Station, TX
Kimberly Marie Patterson, DVM, Appleton, NY
Erica Paxton, DVM, Weatherford, TX
Emma Jane Poole, DVM, Raleigh, NC
Caitlyn Ramaeker, DVM, Huxley, IA
Jennifer Lee Rosenberg, DVM MS, San Diego, CA
Shannon Roska, DVM, Rhinebeck, NY
Markie Schiller, DVM, Edmond, OK
Samantha Schimming, DVM, Granbury, TX
Nicole Lynn Seward, DVM, Brandon, FL
Jennifer A. Sexton, DVM, Knoxville, TN
Mary Cassandra Shelden, DVM, Sylvan Lake, MI
Alyssa Shore-Khirallah, DVM, Columbus, OH
Helen Sims, DVM, Fort Lupton, CO
Lauren Smanik, DVM, Lawrenceville, NJ
Haileigh Kate Stainbrook, DVM, Nampa, ID

The AAEP recently appointed Darcy Brumback as student programs coordinator 
and Elizabeth Snellings as member engagement coordinator. 

Brumback joins the AAEP from her alma mater Midway College, where she 
worked as an admissions counselor. She graduated in 2014 with a double 
bachelor’s in equine rehabilitation and equine management. She also competed  
on the school’s equestrian team. Brumback replaces Elaine Young, who  
transitioned to the position of convention and meetings coordinator.

Snellings arrives at the AAEP from Keeneland Association, where she served as 
public reservations manager. She graduated from Texas A&M University in 2004 
with a bachelor’s in animal science with an equine specialization. Snellings replaces Chelsea Smith, who resigned to 
pursue other opportunities. Brumback can be reached at dbrumback@aaep.org; Snellings at esnellings@aaep.org.

Brumback, Snellings join AAEP’s membership department

Elizabeth SnellingsDarcy Brumback

mailto:dbrumback@aaep.org
mailto:esnellings@aaep.org
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Drs. Stuart Brown and Foster Northrop have been appointed to the 
15-member Kentucky Horse Racing Commission by Governor Matt Bevin. 
Dr. Brown received an additional appointment as the KHRC’s representative 
on the Kentucky Equine Drug Research Council.

Dr. Brown is a partner in Hagyard Equine Medical Institute in Lexington, 
Ky., and serves on the AAEP’s board of directors and the Welfare and Public 
Policy Advisory Council. He received his veterinary degree in 1991 from 
Tuskegee University. 

Dr. Northrop owns Northrop Equine PLLC, a full-service ambulatory 
practice based in Louisville, Ky. A 1989 graduate of the University of 
Georgia, Dr. Northrop serves on the AAEP’s Racing Committee. 

Members in the News

AAEP members appointed to Kentucky Horse Racing Commission

Gary Carpenter, who served as executive director of the AAEP from 1990-2001, recently received 
the 15th Annual Equine Industry Vision Award from Zoetis for outstanding leadership and 
innovation.

During his tenure with the AAEP, Carpenter assisted in changing its vision to focus on the health 
and welfare of the horse. He helped create many programs, including the AAEP Foundation and 
On Call, and his encouragement of the equine industry to work together led to the inception of 
the Horse Industry Alliance.

In addition to the AAEP, Carpenter has served in executive capacities with the AQHA, The Jockey 
Club and the Arabian Horse Trust. He currently is commissioner and CEO of the National 
Reining Horse Association.

Gary Carpenter

Dr. Foster NorthropDr. Stuart Brown

Former AAEP executive director honored for leadership and innovation

Boehringer Ingelheim Vetmedica, Inc. (BIVI), a state-of-the-art research and manufacturing facility located in St. Joseph, 
Mo., is a subsidiary of Boehringer Ingelheim Corporation, a member of the Boehringer Ingelheim worldwide group. 
Through BIVI’s research, development, manufacturing, sales and educational offerings, equine veterinarians obtain 
products and resources they need to provide the highest quality service to their equine clients. 

BIVI is proud to be at the forefront of innovative horse health products. In fact, over 
the past 10 years, BIVI has introduced more equine health products than any other 
company. Its commitment to provide the best information and the best medicine is 
helping to shape the future of equine health.

BIVI is dedicated to the support of veterinarians through products such as VETERA® XP vaccines, the only U.S. vaccine 
line that contains the equine influenza strains recommended by the OIE Expert Surveillance Panel on Equine Influenza. 
The VETERA XP line offers veterinarians a customized approach to vaccine protocols with small and large combinations 
as well as monovalent. In addition, BIVI offers the industry-leading product, PRASCEND® (pergolide mesylate), as well 
as a complete joint health portfolio featuring HYVISC® (hyaluronate sodium), HYALOVET® (hyaluronate sodium), 
SURPASS® (1% diclofenac sodium) and VETALOG® Parenteral (triamcinolone acetonide injectable suspension). 

BIVI is proud to be an AAEP Educational Partner and continues to shape the future of equine health.

AAEP Educational Partner Profile: Boehringer Ingelheim Vetmedica, Inc. 
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AAEP Meetings and Continuing Education

For more information, contact the AAEP office at (859) 233-0147 or (800) 443-0177 or online at  www.aaep.org. 

December 3-7, 2016

62nd Annual Convention 
Orlando, Florida

January 30- 

February 1, 2017

19th Annual Resort Symposium
The Westin, Grand Cayman

Membership Benefits

Embrace volunteer opportunities to serve the profession and industry

“One of the most important AAEP member benefits is my opportunity to volunteer as one of 
the voices and leaders for the health and welfare of the horse. Many of us can serve as a 
speaker at special events, as a mentor to an equine veterinary student or assist with one of the 
AAEP’s many owner education programs. Moreover, I am proud to be an AAEP member who 
can enhance and influence the professional development of my veterinary colleagues and 
aspiring veterinary students. Thank you AAEP!” —Rachel Cezar, DVM, Waldorf, Md.

Do you want to contribute to your profession in meaningful ways beyond your daily practice? 
If so, the AAEP wants to hear from you.

A broad and diverse network of member volunteers is critical to fulfilling the AAEP’s mission 
to improve the health and welfare of the horse, further the professional development of its 
members and provide resources and leadership for the benefit of the equine industry.

Regardless of whether your volunteer interests lie in traditional board, committee and task force assignments or in 
more targeted opportunities such as new member ambassador or Ask the Vet expert, a completed volunteer interest 
form is necessary for consideration. When volunteer positions become available, the Leadership Development 
Committee queries the database of potential volunteers to identify candidates who match the desired training, 
experience and attributes.

To complete the form and become eligible for volunteer service, just log in to www.aaep.org and complete the 
Volunteer Interest Form on your dashboard.

Dr. Rachel Cezar 

No matter where you read Equine Veterinary Education, there’s an app for 
that! The AAEP Publications app enables you to read EVE, the Annual 
Convention Proceedings and the membership directory from the convenience 
of your tablet or smartphone. Simply use your AAEP website login to access 
all issues of EVE since January 2014 as well as the Annual Convention 
Proceedings and membership directory. Download it from the App Store or 
Google Play by searching “AAEP Publications.”

Read EVE on your smartphone or tablet

http://www.aaep.org
http://www.aaep.org


The Short StoryThe Long Story

Purina® Well-Gel™ is recovery nutrition at its best, 

but don’t take our word for it. Take Amigo’s.

Amigo was a successful 9-year-old competitive endurance 

horse until, during a pasture accident, a large tree limb 

penetrated his left thoracic cavity. At the referral hospital, 

his prognosis for survival was given as 2% and he 

arrested shortly after arrival. 

But Amigo didn’t die that day. He survived, only to 

develop severe pleuropneumonia which left him 

completely inappetent. 

For 28 days, Purina® Well-Gel™ was enterally administered. 

The highly digestible, fi ber-added complete enteral 

diet provided Amigo with essential nutrients and energy, 

high-quality protein to help maintain muscle mass, 

and digestible fi ber to support hindgut function. 

It gave him a chance for survival.

Seven years later he’s a healthy, active 16-year-old horse.

So we can say that Purina® Well-Gel™ meets 100% 

of a horse’s daily NRC requirement for protein, 

vitamins and minerals*, supplying the complete 

nutrition needed for a complete recovery.

But Amigo says it best.

*When fed as directed.      |     © 2016 Purina Animal Nutrition LLC. All rights reserved. Well-GelTM is a registered trademark of Purina Animal Nutrition

Amigo’s story is provided as an individual’s experience with Purina® horse products and is not a representation of actual results that can be guaranteed. 

Because of factors outside of Purina Animal Nutrition LLC’s control, individual results to be obtained, including but not limited to: fi nancial performance, 

animal condition, health or performance cannot be predicted or guaranteed by Purina Animal Nutrition LLC.

Animals speak louder than words.  Purina® Well-Gel™ 

is sold exclusively to veterinarians. Your Purina expert can tell 

you more than this ad ever could: 800-227-8941.

TM



KEEP YOUR HORSE 
IN THE PICTURE. 

1 Data on fi le, Study Report No. B850R-US-12-011, Zoetis Inc.
2 Data on fi le, Study Report No. B951R-US-13-043, Zoetis Inc.
3 Data on fi le, Study Report No. B951R-US-13-046, Zoetis Inc.

All trademarks are the property of Zoetis Inc., its affi  liates and/or its licensors. ©2015 Zoetis Inc. All rights reserved. LEI-00010

Although not well-known, Leptospira interrogans serovar Pomona can cause devastating problems. L. pomona can colonize 
in the kidneys, be shed in the urine and the horse can become septicemic, which can potentially lead to abortion, uveitis and 
acute renal failure. LEPTO EQ INNOVATOR® is the fi rst Leptospira vaccine developed specifi cally for horses to help prevent 
leptospirosis caused by L. pomona. It also helps prevent infections of the blood, which could, but has not been demonstrated 
to, help reduce the potential risk of equine recurrent uveitis, abortion or acute renal failure caused by L. pomona.* An effi  cacy 
trial demonstrated LEPTO EQ INNOVATOR safely helps prevent L. pomona infections and urinary shedding.1 A safety trial 
showed it was 99.8% reaction-free.2,3 To learn more, visit LEPTOEQINNOVATOR.com.

*Currently, there are no vaccines available with USDA-licensed label claims against equine abortions, uveitis or acute renal 
failure due to L. pomona.

http://www.LEPTOEQINNOVATOR.com


Highlights of recent clinically relevant papers

.Quantifying locomotor activity

In this study Martin Fries and colleagues in Switzerland
evaluated a wireless activity monitoring system to quantify
locomotor activity in horses in experimental settings.

The activity recording system used in this study (Animal
ActiCal) includes an omnidirectional piezoelectric
accelerometer which detects body accelerations in all
directions. This provides data in the form of an activity count
over 5 seconds and step count/frequency over one minute.

Six riding horses were fitted with 4 accelerometers on the
head, withers, left fore pastern and lateral metatarsal of the
left hind. Trials were performed with the horses freely moving
around a paddock, grazing on pasture, walking in hand,
trotting and cantering on a lunge line and walking on a horse
walker at different set speeds, randomised in order. To
validate the device, manual measurements of step
frequency were made from video recordings and the data
compared over a period of one minute.

The hindlimb device produced activity counts that were
significantly different at all stages of movement, except
grazing and moving freely in a paddock and produced
activity counts that were positively and linearly correlated
with walking speed. The head device detected the
difference between free movement in a paddock and
grazing, but not between grazing, walking or trotting. The
data from the withers and forelimb devices did not alter
significantly at different walking speeds. At the walk, the
accelerometer data on step frequency correlated exactly
with video recording data, validating this method of
measuring step frequency. At canter, the accelerometer
device measured each step correctly; however, at walk and
trot the device counted each step twice (for unknown
reasons). When information from activity and step counts was
combined, it was possible to accurately differentiate
between the gaits and adjust the step count accordingly.
After correcting for the doubling, it was shown that recordings
from the device on the hindlimb had the lowest margin of
error at all gaits; however, the devices in the three other
locations had an unacceptable percentage of errors. This
accelerometer was able to accurately differentiate between
movement at different speeds and gaits, with positioning on
the hindlimb providing the most accurate results.

CT imaging of the temporomandibular joint

In this multi-institution retrospective study James Carmalt and
colleagues aimed to describe anatomical variations in the
temporomandibular joint (TMJ) detected using computed
tomography (CT) in an equid population asymptomatic for
TMJ disease and determine whether these variations were
associated with patient signalment, reason for CT
examination, or CT slice width.

Medical records at eight hospitals were searched for horses
that had head/neck CT scans and no clinical signs of TMJ
disease. Age, breed, sex, clinical presentation, and CT slice
width data were recorded. Alterations in CT contour and density
of the mandibular condyles, mandibular fossae, and TMJ intra-
articular discs were described for each horse. Associations
between anatomical variations and horse age were tested

using generalised logistic regression. Of the 1018 horses
sampled, anatomical variations were found in TMJ CT images
for 40% of horses and 29% of joints. These were dichotomous with
regard to age. Alterations in the shape and density of the
mandibular condyle were commonly found in horses <1 year
old. Older horses commonly had spherical hypodensities within
the mandibular condyles consistent with bone cysts; and
hyperdense regions of the intra-articular disc consistent with
dystrophic mineralisation. These findings indicated that TMJ
anatomic variations were common in CT images of younger
and older horses asymptomatic for TMJ disease. Future studies
are needed to more definitively characterise these CT variations
using gross pathology and histopathology.

Field examination of equine eyes

In this study J. Palmero and colleagues in the USA
investigated field use of N-butylscopolammonium bromide to
facilitate thorough ophthalmic examination in horses.

N-butylscopolammonium bromide (NBB), an
anticholinergic muscarinic antagonist, was assessed as a
mydriatic agent for field examination of equine eyes. Six
adult horses were randomly assigned to four treatments with
two weeks washout between treatments: 1) topical saline/i.v.
saline (negative control); 2) topical tropicamide/i.v. saline
(positive control); 3) topical NBB/i.v. saline; or 4) topical
saline/i.v. NBB. Horizontal and vertical pupil diameters,
temperature, pulse, respiration, pupillary light reflexes (PLRs)
and mydriasis sufficient to perform complete fundic
examination were recorded. Tropicamide induced mydriasis
in all horses. Topical NBB induced mydriasis in one horse, and
i.v. NBB enabled thorough fundic examination in two horses,
delayed PLRs without allowing thorough examination in two
horses and had no effect in two horses.

Surgery for pastern instability

This retrospective case series by US-based authors Justin
McCormick and Jeffrey Watkins evaluated 30 cases (13
forelimbs and 18 hindlimbs) of double plate fixation in treating
axial instability of the proximal interphalangeal joint.

Trauma sustained during paddock turnout, cattle work
and arena work were the most common causes of injury.
One case developed gradual plantar luxation following intra-
articular injection with alcohol to promote ankylosis. Pastern
instability had been confirmed radiographically in each case.
Prior to surgery, the affected limb was stabilised in a
bandage cast with a dorsal splint. Fracture repair was carried
out 1–28 days following injury. The delay before surgery did
not negatively affect outcome.

The aim was to reconstruct the proximal articular surface
and engage the palmar/plantar eminences to re-establish
tensile strength. Two dynamic compression plates or locking
compression plates were applied to the dorsomedial and
dorsolateral aspects of the proximal and middle phalanges.
Abaxial plates with a single lag screw engaged the proximal
aspect of the middle phalanx. A half-limb cast was left on
until 2–3 weeks post-operatively. The cast was then replaced,
or a bandage cast used and bandaging was continued for

© 2016 EVJ Ltd
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3 weeks following cast removal. Horses were kept on box rest
for 2 months followed by 2 months of in-hand walking. If no
complications were apparent at this point horses were
reintroduced to paddock turnout for 2 months before
returning to an exercise regime. Following this repair 29/30
(97%) of horses were discharged (compared with 67–70% with
other methods in previous reports); six returned to their
intended use, nine horses were able to be ridden in less
demanding activity, seven horses were sound for pasture
and/or breeding, three were subjected to euthanasia and
five horses were unavailable for follow-up.

Use of a double fixation technique for injuries involving
axial pastern instability results in a high survival rate and allows
some horses to return to work at a similar or reduced level.

Prognostic indicators for horses with colic

In this study Trina Westerman and colleagues in the USA
evaluated the use of the acute-phase proteins serum amyloid
A (SAA) and haptoglobin as prognostic indicators for the need
for surgical intervention, development of complications, and
hospitalisation cost and duration in horses with colic.

Total white blood cell and neutrophil counts and plasma
fibrinogen, SAA, and haptoglobin concentrations were
compared between 20 healthy (control) horses and 42 horses
admitted to hospital for colic. Clinicopathological values were
compared between medical and surgical colic cases to test
the ability of acute-phase proteins to predict indication for
surgical intervention, development of complications, and
duration and cost of hospitalisation. Mean SAA concentration
was significantly higher in the surgical group, compared with
that for both the control and medical groups. Haptoglobin
concentration did not differ significantly between groups.
Horses with colic and an abnormally increased SAA
concentration (>5 lg/ml) were more likely to be managed
surgically than medically. Horses with small intestinal lesions had
significantly higher SAA concentrations than control horses.
Euthanasia due to a poor prognosis or the development of
thrombophlebitis was more likely for horses with an SAA
concentration >5 lg/ml. A weak positive correlation was
observed between cost of treatment and SAA concentration.
The authors concluded that horses with colic that had an
abnormally increased SAA concentration were more likely to
require surgical intervention, develop thrombophlebitis, or be
euthanised because of a poor prognosis despite treatment.

CT imaging of melanomas in the equine head

In this retrospective case study Jonathon Dixon and
colleagues in the UK described the computed tomographic
appearance of melanomas in the equine head.

Case records from two referral hospitals were reviewed,
and 13 horses were identified that had undergone computed
tomography (CT) of the head, with a diagnosis of melanoma
based on cytology, histopathology, or visual assessment of
black (melanotic) tissue. A total of 216 masses were identified
with a median of 11 melanomas per horse (range 3–60).
Melanomas were found most frequently in the parotid
salivary gland, guttural pouches, surrounding the larynx and
pharynx and adjacent to the hyoid apparatus. In noncontrast
CT images, all melanomas were hyperattenuating (median
113.5 Hounsfield units [HU]) compared with masseter
musculature (median 69 HU). Fifty-six (25.9%) masses were

partially mineralised and 41 (19.4%) included hypoattenuating
areas. Histopathological assessment of these melanomas
suggested that the hyperattenuation identified was most
likely a result of abundant intracytoplasmic melanin pigment.
Melanomas of the equine head appeared to have consistent
CT features that aided detection of mass lesions and their
distribution, although histopathological analysis or visual
confirmation should still be obtained for definitive diagnosis.

Contrast-enhanced ultrasound in the distal limb

The aim of this prospective study by Gabriela Seiler and
colleagues in the USA was to describe the feasibility and
safety of distal limb contrast-enhanced ultrasound (CEUS).

The authors suggested that CEUS could be a valuable
method for evaluation of blood flow and perfusion in the
equine distal limb, which could enhance diagnosis, prognosis
and treatment of diseases such as osteoarthritis, tendonitis,
and synovitis. For each of the six horses in this study, CEUS of
the distal limb was performed after intravenous (i.v.) injections
of 5 and 10 ml, as well as intra-arterial (i.a.) injections of 0.5
and 1 ml contrast medium. Vital parameters were monitored
and CEUS images were assessed qualitatively and
quantitatively for degree of contrast enhancement. None of
the horses had clinically significant changes in their vital
parameters after contrast medium injection. One horse had a
transient increase in respiratory rate, and several horses had
mild increases of systolic blood pressure of short duration after
i.v., but not after i.a. injections. Intra-arterial injection was
possible in all horses and resulted in significantly improved
contrast enhancement both quantitatively and qualitatively.
Findings from this study indicated that CEUS is a feasible and
safe diagnostic test for evaluation of the equine distal limb.
Future studies are needed to assess the clinical utility of this
test for horses with musculoskeletal diseases.

S. WRIGHT
EVE Editorial Office
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Summary
Three Standardbred foals, a colt approximately one month old
and 2 fillies approximately 4.5 months old, from the same farm,
presented to University of Pennsylvania’s New Bolton Centre
over the course of 3 months for further evaluation due to acute
onset of colic. All foals had a history of diarrhoea prior to
presentation. On presentation, the foals had abdominal
distension, dull demeanour and repeatedly lay down and
rolled. Exploratory celiotomy revealed a segment of stenotic
(lumen diameter 1–4 mm) small colon with marked distension
of the colon proximal to the stenotic segment. Post mortem
examination of the foals confirmed stenosis of the small colon
with a segment of ulcerative colitis associated with the stenotic
region. An aetiological agent was not identified.

Introduction
Foals are somewhat unique in their causes of colic due to their
life stage, diet, lack of immunity to parasites and dietary
indiscretion. The cause also varies based on the age of the
foal. Reported causes of colic in the neonate (<1 month old)
include: meconium impaction, enterocolitis, necrotising
enterocolitis, inguinal or scrotal hernia, small intestinal volvulus
and jejunal intussuception (Mackinnon et al. 2013). Small
intestinal impactions due to infestation with Parascaris
equorum and bowel incarceration secondary to herniation
through the umbilicus tend to occur in weanlings and
ileocaecal intussusception and small colon impaction or
faecalith formation in older foals. Gastroduodenal ulcers can
occur in foals of any age (Vatistas et al. 1996; Cable et al. 1997;
Bernard 2004). Small colon stenosis has not previously been
reported in the foal.

Stenosis secondary to intestinal inflammation or ulceration
is uncommon in the equine species. Right dorsal colitis,
typically associated with nonsteroidal anti-inflammatory drug
administration, can lead to stenosis of the right dorsal colon if
the disease is severe (Hough et al. 1999). Additionally,
gastroduodenal ulceration in foals can lead to gastric
emptying dysfunction secondary to stenosis of the pylorus or
duodenum in foals 1 to 6 months of age (Borrow 1993; Murray
1999; Barr 2006; Zedler et al. 2009).

Reports in other species are also infrequent. A report by
van der Gaag and Tibboel (1980) cites the finding of jejunal
stenosis in 2 calves (2 days old and age unknown), jejunal
stenosis in a 2-day-old puppy, ileal and proximal colon stenosis
in a 5-month-old kitten and duodenal stenosis in a 5-month-old
foal. Possible causes, other than congenital lesions, were not
hypothesised or further investigated. Porcine rectal strictures
are not uncommon and have been reported to occur at a
herd rate of 2–5% (Lillie et al. 1973). Affected individuals

generally present with abdominal distension and the presence
of watery faeces and a history that includes severe diarrhoea
4–8 weeks prior to presentation. Wilcock and Olander (1977)
reported an association between rectal strictures in pigs and
salmonella isolation, suggesting that colitis may play a role in
the disease process.

This report describes 3 foals 1–4 months of age with a history
of diarrhoea, presenting for acute onset of colic and
abdominal distension. One foal did not share any lineage with
the other 2, and the other 2 had the same grandsire.
Exploratory celiotomy revealed stenotic lesions of the small
colon, creating a mechanical obstruction with evidence of
pre-existing ulcerative colitis.

Case history and clinical presentation
Three Standardbred foals (a 1-month-old colt and 2 fillies that
were 4.5 months old) presented to the University of
Pennsylvania’s New Bolton Centre, approximately 3 months
apart for evaluation of acute onset of colic that was not
responsive to analgesia on the farm.

The first foal, a 1-month-old colt, had a history of
intermittent diarrhoea on the farm. At presentation he was
quiet and dull with notable abdominal distension. On physical
examination he was tachycardic (100 beats/min) and afebrile
(36.9°C). A complete blood count was performed at
admission and was within normal limits. The colt was noted to
have a hyperfibrinogenaemia (7.22 g/l; reference range
1.5–3.75 g/l), mild hyperbilirubinaemia (total bilibrubin
37.6 µmol/l; reference range 1.7–32.5 µmol/l) and plasma
lactate concentration slightly increased (1.1 mmol/l; reference
range <1.0 mmol/l). A nasogastric tube was passed into the
stomach, but no net reflux was obtained. A fast localised
abdominal ultrasonography of the horse (FLASH) (Busoni et al.
2011) was performed and gas distension was seen in the large
colon, but no other abnormalities were noted. Due to
persistent pain and visible abdominal distension, the colt was
taken to surgery for an exploratory celiotomy.

The second foal, a 4.5-month-old filly, had a history of
chronic diarrhoea, approximately 4 months in duration, which
had been treated with di-tri-octahedral (DTO) smectite
(Biosponge)1 on the farm. At presentation the filly was painful
and had abdominal distension. On physical examination she
was tachycardic (72 beats/min), afebrile (38.8°C) and had
decreased borborygmi in all 4 quadrants. A nasogastric tube
was passed into the stomach and no net reflux was obtained. A
complete blood count at admission showed a leucocytosis
(16.75 × 109/l; reference range 4.9–10.3 × 109/l) characterised by
a mature neutrophilia (14.4 × 109/l; reference range
2.2–8.1 µmol/l), a mild hyperbilirubinaemia (total bilirubin 39.3
µmol/l; reference range 1.7–32.5 µmol/l) and mild
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hyperlactataemia (1.9 mmol/l; reference range <1.0 mmol/l). A
FLASH was performed where the colon was noted to have gas
filled contents, but no other abnormalities were noted. Due to
persistent pain and visible abdominal distension, an exploratory
celiotomy was performed.

The third foal, a 4.5-month-old filly, had a history of
suspected respiratory disease 3 weeks prior to presentation,
which was treated on the farm with clarithromycin and
rifampin. She subsequently developed diarrhoea one
week later which was treated with DTO-spectite (Biosponge)1

and metronidazole. The diarrhoea rapidly resolved. On
presentation the filly was painful and nonresponsive to
analgesic drugs administered (two 75 mg doses xylazine i.v.).
On physical examination she had a normal heart rate (44
beats/min), was afebrile (38.0°C) and had decreased
borborygmi in all 4 quadrants. She was hypoproteinaemic
(total plasma protein 35 g/l; reference range 46–69 g/l), had a
leucocytosis (20.3 × 109/l; reference range 4.9–10.3 × 109/l) with
a mature neutrophilia (15.63 × 109/l neutrophils; reference
range 2.2–8.1 × 109/l). A FLASH was performed, where the
caecal apex was thickened and thought to have gas within
the wall consistent with caecal necrosis. Due to persistent pain
despite analgesia and ultrasonographic findings consistent
with caecal necrosis the filly was taken to surgery for an
exploratory celiotomy.

Surgery
General anaesthesia was induced in the first foal with 0.4 mg
ketamine and 10 mg diazepam i.v and then maintained on
isofluorane in oxygen. Exploratory celiotomy initially revealed
severe gas distension of the large and small colon. A strictured
segment of small colon was identified as the cause of colonic
obstruction with secondary distension proximal to the
strictured segment. The luminal diameter was estimated to be
about 1–2 mm with a markedly thickened wall (Fig 1a). The
small colon proximal to the obstruction was severely dilated.
The owners were offered several surgical options for
correction: resection and anastomosis of the affected
segment, a bypass of the affected area or a loop colostomy.
The colt’s prognosis for a successful outcome and becoming a
racehorse with this type of lesion was uncertain and the
owners elected humane euthanasia. The colt was submitted
for full post mortem examination.

The second foal was premedicated with 80 mg xylazine
and 3 mg butorphanol i.v. General anaesthesia was induced
with 0.35 mg ketamine and 15 mg diazepam i.v and the foal
maintained on isofluorane in oxygen. Exploratory celiotomy
revealed severe gas distension of the small and large colon
and caecum. The cause of the gas distension was a 15 cm
long stenotic segment of small colon through which gas or fluid
luminal contents could not be massaged (Fig 1b). After
decompressing gas from the distended large and small colon,
the small colon remained flaccid and amotile. Due to the
inability to massage fluid/gas through the stenotic segment
and surrounding thickened small colon wall, the long-term
survival for this filly was uncertain. The owners were offered
resection and end-to-end or side-to side anastomosis or
bypass of the affected area with a side-to-side anastomosis of
the small colon proximal and distal to the affected segment.
With these findings the owners elected humane euthanasia
while the filly was under general anaesthesia. The filly was
submitted for full post mortem examination.

a)

b)

c)

Fig 1: Photographs of the lesions observed in the first (a), second (b)
and third (c) foal at surgery. A stenotic segment of small colon
(white arrows) was observed with the proximal small colon being
markedly distended with gas and digesta (black arrow). The first
foal also had a second area of stenosis (double black arrows).
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The third foal was premedicated with 50 mg xylazine and
3 mg butorphanol i.v., induced with 0.3 mg ketamine and
12 mg diazepam i.v. and then placed on maintenance gas
anaesthetic consisting of isofluorane in oxygen. Exploratory
celiotomy revealed a gas distended small colon associated
with a 20 cm length of stenotic distal small colon (Fig 1c). The
surgeons were unable to milk intestinal contents through
the stenotic portion. The small colon segment distal to the
obstruction was small, presumably due to atrophy associated
with a chronic obstruction. Resection of the stenotic segment
and an end-to-end anastomosis was considered; however,
there were concerns with obstruction at the anastomosis due
to the atrophied distal segment. A bypass procedure with
side-to-side anastomosis was also considered; however, the
filly was markedly hypoproteinaemic and there were concerns
that she would have continued to lose protein from the
ulcerated segment of small colon. Further, the filly was noted to
have a caecal torsion secondary to the absence of the
caecocolic ligament (consistent with the ultrasonographic
findings of caecal wall thickening) (Fig 2). The caecum
appeared markedly oedematous but viable (there did not
appear to be emphysema in the wall which was suspected
based on the ultrasonographic examination). A partial
typhlectomy would have been necessary to prevent
recurrence of the caecal torsion. With these multiple
abnormalities the owners elected humane euthanasia.

Post mortem findings
All 3 foals were diagnosed with small colon stenosis. On post
mortem examination of the first foal, the affected segment
had a multifocal pattern of ulceration. Histologically, the
extant mucosa tended to be dysplastic and fibrinosuppurative
exudate covered ulcerated surfaces (Fig 3). The submucosa
and portions of the muscularis mucosae were effaced by a
deep bed of maturing granulation tissue. A neutrophilic
infiltrate was observed throughout the granulation tissue.
Large bore, tortuous arteries and veins were a conspicuous
anatomic feature near the tunica muscularis. Sporadic
mounds of granulation tissue were on the serosal surface.

Post mortem examination of the small colon in the second
foal revealed an approximately 15 cm long stenotic segment

that abruptly narrowed to a 1–4 mm diameter lumen. The wall
thickness at the location of the stenosis was approximately
8 mm. The stenotic segment was extensively ulcerated and
overlain with fibrinosuppurative exudate. Histologically, the
remaining mucosa was flattened and dysplastic. Ulcerated
portions were variably subtended by a thin band of mature

Caecum

Ileum

Right Ventral Colon

Fig 2: Photograph of the third foal at post mortem showing the
absence of a caecocolic ligament (black arrow).
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Fig 3: Histological section of affected small colon from the first foal.
At the site of maximal luminal narrowing, the colonic lumen is
narrowed to <1 mm diameter (a). The lumen contains a scant
amount of vegetative matter, few neutrophils and eosinophilic
debris. The subadjacent mucosa is ulcerated (black arrows) and
replaced by a thick layer of neutrophils admixed with fibrin and a
thin layer of maturing granulation tissue. Beneath the granulation
tissue (b), the submucosa is markedly and irregularly expanded by
an atypical fibrovascular proliferation, characterised by large
numbers of small, tortuous thin-walled blood vessels (black arrows)
separated by loose fibrous connective tissue comprised of thin,
wavy collagen fibrils (asterisks). Submucosal ganglia are scattered
throughout this abnormal tissue. Magnification 12.5x (a) and 25x
(b).
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fibrous tissue or a deep bed of highly vascular granulation
tissue similar to that seen in the first foal. At the lumen’s
narrowest point, the viscus was circumferentially ulcerated, yet
a thickened muscularis mucosae remained. The muscular
tunic and serosa were anatomically normal.

On post mortem examination of the third foal, a 15 cm long
cylindrically stenotic segment was approximately 60 cm from
the anus. The stenotic segment had a lumen diameter of less
than 2 cm. The small colon segment orad the stenotic portion
was markedly dilated with impacted digesta. Several linear
ulcers were in the dilated small colon segment, but the
mucosa was otherwise intact throughout the dilated and
stenotic segments. Histologically, a hyperplastic muscularis
mucosae subtended the mucosa, except at sites of ulceration.
The submucosa was reduced to a uniformly thin fibrous tissue
layer. Mural elements were palpably leathery and the stenotic
segment’s muscular tunic was approximately 5 mm thick due
to smooth muscle hyperplasia. A 4 cm long diverticulum
formed in the stenotic segment.

Post mortem examination was exclusively a
pathoanatomic exploration with no investigation of an
aetiological agent (bacteriology or polymerase chain
reaction) performed.

Discussion
Intestinal stenosis is a serious complication that can occur
secondary to gastrointestinal pathology. Intestinal stenosis has
been reported in the right dorsal colon secondary to right
dorsal colitis and in the pyloric-duodenal region secondary to
gastroduodenal ulcers in foals. Reports exist of stenotic right
dorsal colon lesions (Hough et al. 1999) and large colon lesions
(Rose et al. 1991; Theoret et al. 1993), none of which occurred
in foals. A single case (Barr 2006) and case series (Zedler et al.
2009) of duodenal stricture has been described in foals. To the
authors’ knowledge, this case series is the first report of small
colon stenosis in foals with associated ulcerative colitis.

It is difficult to determine the aetiopathogenesis of the
observed lesions in these foals. All foals had a variable history
of diarrhoea with subsequent colic and abdominal distension;
small colon stenosis associated with ulceration and
inflammation at the site of stenotic bowel was identified as the
primary lesion at surgery and necropsy. The stenosis appeared
to be secondary to inflammation rather than a primary atresia
coli which is supported by the foals having a history of passing
normal faeces following birth and their advanced age. Foals
with atresia coli are reported to have signs of colic within
several hours of birth and fail to pass meconium (Young et al.
1992), which was not the case in these foals. However, another
undetermined congenital cause of the lesions could not be
excluded. Interestingly, all 3 foals resided at the same large
breeding farm. A genetic cause is less likely given their
different heritages. Ingestion of a toxin resulting in intestinal
inflammation is also possible, but less likely given the fact that
these foals were not kept on the same pasture and
represented a very small fraction of the foals on this farm.
However, based on the occurrence of the lesions on the same
farm over a relatively short time period, it is likely an
uncommon and unusual aetiopathogenesis.

All foals had a history of diarrhoea. The 3 foals in this
report were from the same farm with, presumably, different
diarrhoeal aetiologies. It is unclear whether the diarrhoea
was a result of the small colon stricture, associated with the
histological evidence of colitis, or a combination of both. The

first foal (1-month-old colt) had a short intermittent history of
diarrhoea with evidence of ongoing diarrhoea at
presentation, the second foal (4.5-month-old filly) had a 4
month history of chronic diarrhoea which had not resolved
prior to presentation and no history of antimicrobial use,
whereas the third foal (4.5-month-old filly) had diarrhoea of a
relatively short duration (less than one week) after being
treated with antimicrobial drugs (clarithromycin and
rifampin). The diarrhoea had resolved approximately one
week prior to presentation. Rectal stricture has been
associated with salmonellosis in pigs as a complication of
colitis caused by Salmonella sp. (Lillie et al. 1973).
Unfortunately, an aetiological agent for the diarrhoea was
not identified in these foals; however, it is known that the
farm has not had a problem with salmonellosis making this an
unlikely cause. Although primary inflammatory bowel disease
does exist in horses (Scott et al. 1999; Kemper et al. 2000;
Schumacher et al. 2000; Kalck 2009), it has not previously
been reported in foals.

Post necrotising enterocolitis colonic strictures have been
previously reported in human neonates (Kosloske et al. 1980;
Schwartz et al. 1982; Martinez-Ferro et al. 2010). Necrotising
enterocolitis (NEC) affects premature human infants during the
first 2 weeks of life (Kosloske and Musemeche 1989). The mean
time between NEC and identification of the colonic stricture is
reported to be 7 weeks (range 3–21 weeks) and clinical signs
include abdominal distension, vomiting, diarrhoea and low
grade fever. The colonic stricture occurs anywhere throughout
the length of the colon (Martinez-Ferro et al. 2010). The mean
age at the time of surgery is reported to be 9 weeks (range
4–21 weeks). The presentation of human neonates with post
NEC colonic strictures is similar to the foals in this case report
and may be a reasonable explanation of the pathogenesis.
Differences include that the human neonates are typically
premature, these foals did not have a specific episode of NEC
and the stenotic segment appeared to be longer in these foals
compared with human infants. Nonetheless, the general
pathogenesis could be similar between the 2 clinical disease
presentations. Outcome following resection and anastomosis
of the stenotic segment in human neonates is favourable
(Martinez-Ferro et al. 2010).

Although viable surgical options existed for these foals,
they were not pursued due to the uncertain prognosis and the
owner not willing to pursue treatment. While foals with colic
and undergoing colic surgery were recently reported to have
a good prognosis for survival and future athletic activity
(MacKinnon et al. 2013), there were several concerns with the
current surgery. Concerns for these foals post operatively
included impaction following end-to-end anastomosis of
bowel with a large disparity in lumen size as well as an
atrophied distal segment, stricture at the anastomosis site
associated with ongoing inflammatory process and adhesion
formation. The third foal had multiple co-morbidities including
the hypoproteinaemia and caecal torsion secondary to the
absence of a caecocolic ligament. While it was frustrating to
not have been able to complete the surgery on these foals it
would have involved financial investment and risk on behalf of
the owner.

In conclusion, stenosis of the small colon should be
considered as a differential diagnosis in young horses
presenting for acute onset of colic and a history of diarrhoea.
Although resection and anastomosis or bypass of the affected
bowel with side-to-side anastomosis was not attempted in
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these foals due to uncertain prognosis, it could be considered
a reasonable treatment option if an owner were willing to
pursue treatment.
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Summary
The interesting finding of stenosis in a case series of 3 foals
that initially presented with diarrhoeal disease is suggestive of
an inflammatory and fibrotic event that is more frequently
reported in people with inflammatory bowel disease. In man,
stenosis is believed to occur because of inflammation and
excessive production of scar tissue in the absence of a
normal reparative response. However, this is typically a
chronic process, whereas in the foals, stenosis occurred
within weeks to months. Other diseases of horses, particularly
right dorsal colitis and small colon impaction preceded by
diarrhoeal disease, have some similarities to the focal
disease described for foals. Collectively, equine studies are
increasingly pointing toward complex interactions in the
intestinal tract between the mucosa, the microbiome,
management factors such as diet, and reparative responses
to inflammatory insult.

Introduction

In the present issue, Kopper et al. (2016) describe a very
unusual presentation of small colon obstruction in foals, in the
form of stenosis preceded by diarrhoea. The authors
effectively ruled out hereditary causes of colonic
malformation, such as atresia coli, based on different
breeding backgrounds for the foals, and questioned whether
the diarrhoea was the cause or the result of stenosis (Kopper
et al. 2016). Similar questions have arisen in the past
regarding mature horses with diarrhoea associated with small
colon impaction (Frederico et al. 2006). When considering
infectious colitis in horses, a widespread inflammatory process
involving the ascending colon and to varying degrees the
descending colon is more typical. However, small colon
impaction has been noted following colitis in mature horses,
possibly because of focal inflammation within the small colon
(Fig 1), with accumulation of the fibrous ingesta that remains
within diarrhoeal fluid as colonic contents are moved rapidly
downstream (Frederico et al. 2006). In the series of foals
reported by Kopper et al. (2016) a defined region of
ulcerative colitis was noted within the small colon,
presumably resulting in extensive fibrosis and stricture during
or following diarrhoeal disease. However, it makes most sense
that the diarrhoeal disease initiated the inflammatory event
with secondary obstruction following stenosis.

The term ulcerative colitis (UC) is more typically used in
the medical literature to describe one form of human
inflammatory bowel disease (IBD), and is believed to involve
an inappropriate immune response to select components of
the microbiome in genetically predisposed individuals
(Packey and Sartor 2008). Environmental factors, such as diet
and lifestyle, are also suspected of being involved in IBD,

which is seen far more frequently in developed countries
(Frolkis et al. 2013). Interestingly, Crohn’s disease, the other
major form of human IBD, is often associated with fibrosis and
stricture, although it is the distal small intestine that is typically
affected. However, fibrosis and stricture of the colon have
been noted in UC (Gordon et al. 2014). The mechanisms for
fibrosis are not well understood in the digestive tract, but are
thought to involve a chronic inflammatory response, with an
excess of mesenchymal cells laying down collagen, coupled
with a defect in tissue reparative responses (Pucilowska et al.
2000). Evaluation of the histological appearance of the
stenotic region of the foals reported by Kopper et al. (2016)
revealed marked fibrovasuclar proliferation that appears very
similar to human stenotic lesions associated with IBD, with at
least one key disparity: the human lesions appeared less
vascular (Gordon et al. 2014). This probably relates to the
differences in time course. Whereas human IBD stenotic
lesions are believed to take years to form, the length of time
for development of lesions in the 3 foals reported by Kopper
et al. (2016) was in the weeks-to-months range (or possibly
<1 week in one of the foals). This suggests that foals
developing a region of ulcerated colon may lay down fibrous
tissue at a remarkably rapid rate.

Focal ulcerative colitis in horses also occurs in conditions
such as right dorsal colitis, which has been associated with
administration of nonsteroidal anti-inflammatory drugs

Fig 1: Note a region of hyperaemia and oedema (arrows) within
the small colon of a horse that presented with small colon
impaction following diarrhoeal disease. The small colon wall was
thickened at this site, but was left in place following evacuation
of small colon contents using a high enema technique in surgery,
and evacuation of the large colon via large colon enterotomy.
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(Karcher et al. 1990). This condition typically results in
thickening of the colon, which can be detected by
ultrasonography as a means of diagnosis (Jones et al. 2003).
In addition, stricture has been reported with right dorsal colitis
(Hough et al. 1999), but not to the extent described in the
series for the foals reported by Kopper et al. (2016). Although
the onset of right dorsal colitis is often chronic in nature,
acute onset of clinical signs has been noted (Karcher et al.
1990). However, one key feature of right dorsal colitis, that of
hypoproteinaemia (Cohen et al. 1995), was only noted in
one of the 3 foals reported by Kopper et al. (2016).
Additionally, right dorsal colitis is typically associated with
neutropenia, whereas 2 of the foals reported by Kopper et al.
(2016) had a mature neutrophilia and one had normal
leucocyte counts. These differences may relate to duration of
disease, differing responses of foals as compared to mature
horses, or differences depending upon the site of ulceration.

As for surgical treatment options for focal regions of colitis
and stricture, resection of the right dorsal colon with side-to-
side anastomosis between the large and small colons has
been reported (Lane et al. 2010). The authors of the report on
small colon stenosis considered surgical options, including
side-to-side anastomosis of the small colon to bypass the
area of stenosis (Kopper et al. 2016). However, the owners of
the foals elected euthanasia. The option of a side-to-side
anastomosis of the small colon to avoid further problems with
obstruction is noteworthy as a way of providing a larger
lumen within the small colon. This same dilemma has been
considered in horses in which a loop colostomy has been
used to allow faecal bypass of a rectal tear. By the time the
rectal tear has healed (2–3 weeks), and the loop colostomy is
taken down, atrophy of the small colon will be evident
(Freeman et al. 1992; Blikslager et al. 1995). When the small
colon is anastomosed end-to-end, such cases may become
impacted because of the disparity in size. Thus, side-to-side
anastomosis of the small colon is worthy of consideration
where lumen diameter is a particular concern.

Concerning small colon obstruction in mature horses,
patients with small colon impaction were in excess of 10-fold
more likely to have had diarrhoea than horses with large
colon impaction (Frederico et al. 2006). In addition, 34% of
horses presenting with diarrhoea and small colon impaction
were febrile (body temperature >38.3°C). Alternatively, in the
report of small colon stenosis, all of the foals were afebrile
(Kopper et al. 2016), suggesting a lack of ongoing infectious
disease at the time of presentation. However, there were
other similarities between the foals described with stenosis
and horses with post diarrhoeal impaction, including
evidence of abdominal pain and abdominal distension.
Horses with abdominal distension were 5-fold more likely to
require surgery for correction of small colon impaction,
whereas more typical factors such as heart rate were not
significantly different between medical and surgical cases
(Frederico et al. 2006). Only 9% of horses with diarrhoea and
small colon impaction were positive for Salmonella spp.,
indicating that, just as in the 3 foals described with stenosis
(Kopper et al. 2016), an aetiological agent was often not

found. Nonetheless, the case series of 3 foals with diarrhoea
and small colon UC should remind equine veterinarians to
continue to reconsider the pathogenesis of diarrhoeal
disease, including the likely complex relationship between
microbiota, the mucosal wall, and the reparative response to
extensive intestinal inflammation.
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Summary
A 9-year-old Warmblood gelding underwent magnetic
resonance (MR) imaging of the carpal and proximal
metacarpal regions for evaluation of prolonged right forelimb
lameness. Magnetic resonance findings were indicative of
desmopathy of the right lateral carpometacarpal ligament
and the interosseous ligament between the third and fourth
metacarpal bones. Based on the MR findings and lack of
response to conservative therapy, surgery using a drilling
technique was performed to facilitate fusion of the right
carpometacarpal joint. After surgery and a 6-month rest and
rehabilitation programme, the horse returned to soundness.
This case report describes a unique combination of lateral
carpal/proximal metacarpal soft tissue injuries that resulted in
prolonged lameness and were treated with facilitated
arthrodesis of the carpometacarpal joint. These soft tissue
injuries should be considered as a differential diagnosis
in horses with lameness localised to the proximal
metacarpal/distal carpal region.

Introduction
The anatomy of the carpus and proximal metacarpal region is
highly complex. It is difficult to differentiate carpal ligamentous
damage from other causes of lameness localised to the
carpus and proximal metacarpal region with clinical
examination. Communication between the different carpal
joints and the anatomical association between the carpus
and proximal metacarpus creates a challenge in
differentiating pain originating in the proximal metacarpal
region from that originating in the distal carpus. For example,
the lateral palmar nerve block and middle carpal joint
analgesia desensitise some of the same regions (Dyson 2003;
Coudry et al. 2008). Diagnostic imaging is often necessary to
determine the cause of lameness originating from the carpus
and proximal metacarpal region.

Normal intercarpal ligaments appear as parallel-oriented
fibres with low signal intensity when evaluated on high-field
strength, T2-weighted (T2w) fast spin echo (FSE) and gradient
echo (GRE) MR images (Murray 2007; Nagy and Dyson 2011).
Some smaller intercarpal ligaments have intermediate signal
intensity relative to the normal low signal intensity appearance
of tendons and ligaments at other anatomic locations within
the equine limb (Murray 2007; Zubrod and Barrett 2007). Partial
volume averaging with the high signal intensity of the
surrounding synovial fluid has been hypothesised as a cause

for this appearance (Zubrod and Barrett 2007). However, in MR
descriptions of the analogous intercarpal ligaments in man,
the striated or intermediate signal intensity appearance is due
to collagen fibres and vascular connective tissue within these
ligaments (Burns et al. 2011). Whitton et al. (1999) described
similar histological features in the medial palmar and
dorsomedial intercarpal ligaments. The signal intensity of
damaged tendons and ligaments on T1-weighted (T1w) spin
echo (SE) and T2w MR images is dependent on the stage of
healing at the time of imaging (Crass et al. 1992; Murray et al.
2006). During the acute phase of inflammation, tendinous or
ligamentous high signal intensity is present on proton density
weighted (PDw) and T2w images. This high signal intensity
results from altered proton density within the tissues due to
infiltration of tightly organised collagen bundles by looser
connective tissue, which leads to fibre disorganisation, cellular
infiltrate, haemorrhage and oedema (Murray et al. 2006). As
healing progresses, new fibrous tissue is laid down and fibrous
tissue remodelling occurs. In addition, oedema, inflammatory
infiltrates and haemorrhage regress, resulting in a decrease in
signal intensity on MR images (Crass et al. 1992). Ligamentous
or tendinous scarring has low signal intensity on PDw, T2w and
STIR MR images (Brokken et al. 2007).

Case details

Clinical history
A 9-year-old Warmblood gelding used as a hunter was
evaluated for chronic right forelimb lameness. Lameness had
been localised by the referring veterinarian to the proximal
metacarpal region with a lateral palmar nerve block; the
lameness did not improve with a low 4-point nerve block (Furst
2006). No clinically significant abnormalities were present on
radiographs of the right proximal metacarpal/carpal region.
Ultrasound examination of the proximal metacarpal region
was performed and a mild increase in the cross-sectional area
and fibre pattern disruption of the medial aspect of the
proximal suspensory ligament (third interosseous muscle)
noted. The horse was treated for proximal suspensory
desmopathy with a palmar metacarpal fasciotomy similar to
that previously described in the hindlimb (Hewes and White
2006; Brokken et al. 2007; Dyson and Murray 2012). After the
fasciotomy, the horse was placed in a controlled exercise and
rehabilitation programme without pasture turnout. At the
recheck examination 5 months after surgery, the right forelimb
lameness persisted without improvement. At this time, nuclear
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scintigraphy of the forelimbs was performed revealing focal,
moderate radiopharmaceutical uptake in the region of the
right fourth carpal bone and lateral aspect of the proximal
metacarpal region. Based on these findings, a right forelimb
lateral palmar nerve block and intra-articular analgesia of the
middle carpal joint were performed on subsequent days.
These blocks equally eliminated the right forelimb lameness.
Based on the response to local analgesia, scintigraphic results
and the persistence of the lameness despite treatment, the
horse was referred for MR imaging of the carpal and proximal
metacarpal regions 8 days after nuclear scintigraphy was
performed.

Upon presentation, the horse had a grade 3/5 right
forelimb lameness when trotted in a straight line and in circles
in both directions on a smooth, hard surface (Anon 1991). Firm
flexion and manipulation of the right carpus exacerbated the
lameness. Based on the horse’s recent history, diagnostic
analgesia was not repeated. The horse was anaesthetised,
positioned in right lateral recumbency and MR imaging of
both distal carpal/proximal metacarpal regions performed
using a 1.5 Tesla magnet (Vantage)1 with a flexible surface coil.
Imaging sequences included in the examination of both
forelimbs included PDw, T2w FSE and short tau inversion
recovery (STIR) in dorsal, transverse and sagittal planes.
Additional imaging sequences performed on the right forelimb
included fat-saturated PDw in the dorsal plane, T1w SE in the
transverse plane, T1w 3D GRE in the transverse plane and T1w
steady state free precession 3D GRE in the sagittal plane.

The MR images of the right forelimb revealed abnormalities
of several structures in the lateral aspect of the distal
carpus and proximal metacarpal region. The lateral
carpometacarpal ligament between the third and fourth
carpal bones was thickened with loss of the normal fibre
pattern (compared to the contralateral limb) and had
decreased signal intensity on all sequences (Fig 1). This
ligament originates between the third and fourth carpal
bones, spans the carpometacarpal joint and inserts between
the third and fourth metacarpal bones. Additionally,
the abnormal lateral carpometacarpal ligament was
characterised by a coalescing volume of low signal intensity
ligamentous tissue with concurrent loss of the synovial fluid
that normally surrounds the ligament and interdigitating
hyperintense foci (synovial pockets or vascular structures;
Fig 2). In addition, there was cortical thickening of the medial
margin of the fourth carpal bone adjacent to the lateral
carpometacarpal ligament. Distal to the carpometacarpal
joint, there was irregularity and loss of fibre pattern of the
lateral interosseous ligament between the proximal aspects of
the third and fourth metacarpal bones. Cortical thickening
and irregularity were also present in the proximolateral margin
of the third metacarpal bone and, to a lesser extent, the
proximomedial margin of the fourth metacarpal bone
adjacent to the interosseous ligament (Fig 3). On the
fat-suppressed images, there were no areas of increased
subchondral or medullary bone signal intensity in the third and
fourth carpal or third and fourth metacarpal bones. The
proximal suspensory ligaments of both forelimbs were
symmetric and normal.

Treatment
After the MR examination and prior to discharge, the horse’s
right middle carpal joint was injected with 20 mg of sodium
hyaluronate (Hylartin V)2 and 12 mg of triamcinolone

acetonide (Vetalog)3. The prescribed rehabilitation
programme included stall confinement with increasing
amounts of hand walking, beginning with 15–20 min daily for
the first 30 days and progressing to 30–40 min daily for the
following 30 days. The horse was not turned out to pasture at
all during this time. The horse was re-examined 60 days after
MR imaging was performed and there was no improvement of
the prior lameness. Based on the MR findings, chronic nature of

a)

b)

Fig 1: Right (a) and left (b) front transverse PDw MR images at the
level of the distal row of carpal bones. There is loss of the normal
high signal intensity synovial fluid surrounding the lateral
carpometacarpal ligament in the right front limb (a). In addition,
the lateral carpometacarpal ligament is enlarged, evidenced by
the low signal intensity tissue between the third and fourth carpal
bones (arrow). Lateral is to the left on both images.
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the lameness and lack of response to intra-articular
anti-inflammatory therapy, surgery was performed to facilitate
fusion of the right carpometacarpal joint (Barber et al. 2009;
Lang et al. 2009).

Potassium penicillin (Pfizerpen; 22,000 iu/kg bwt)4,
gentamicin sulfate (6.6 mg/kg bwt)5 and phenylbutazone
(4.4 mg/kg bwt)5 were administered intravenously (i.v.) 30 min
prior to induction of anaesthesia. The patient was routinely
anaesthetised, positioned in left lateral recumbency and the
right carpal region aseptically prepared for surgery.
Landmarks to delineate the carpometacarpal joint were
identified with 18 gauge, 3.75 cm needles and needle
placement verified with fluoroscopy. A vertical stab incision
was made into the carpometacarpal joint at the junction of
the proximal aspect of the third and fourth metacarpal bones
and distal aspect of the fourth carpal bone. A 3.2 mm drill bit
was placed in the carpometacarpal joint and the drill bit
passed to the medial side of the carpometacarpal joint with
fluoroscopic guidance. The drill bit was retracted and then
redirected approximately 1 cm dorsally and another drill tract
was made directed towards the dorsomedial aspect of the
joint. A second stab incision was made at the level of
the carpometacarpal joint between the proximal third
metacarpal bone and junction of the distal aspects of the third
and fourth carpal bones just axial to the common digital
extensor tendon. The drill bit was then directed in a palmar
direction along the articulation between the third and fourth
carpal bones. The drill bit was then retracted and redirected in
a palmaromedial direction towards the proximal aspect of the
second metacarpal bone. The skin incisions were closed with
size 0 polypropylene suture in a simple interrupted pattern and
a sterile compression bandage from the mid-radius to the foot
placed for recovery. The horse recovered from anaesthesia

without complications and was treated with phenylbutazone
(4.4 mg/kg bwt per os)5 daily for 7 days. Post operatively, the
horse was comfortable in the stall and was walking sound at
the time of discharge one day after surgery. The horse entered
a 6-month rest and rehabilitation programme that began with
stall confinement for one month, followed by small paddock
(30' x 30') turnout.

Fig 2: Dorsal PDw fat-saturated image of the right carpus/proximal
metacarpus showing enlargement of the lateral carpometacarpal
ligament (arrows). Note how the lateral carpometacarpal ligament
spans the joint surface and inserts between the third and fourth
metacarpal bones.

a)

b)

Fig 3: Left (a) and right (b) front transverse T2w FSE MR images
showing irregularity and fibre pattern disruption of the interosseous
ligament between the third and fourth metacarpal bones of the
right limb (b) (arrow). There is also thickening and irregularity of the
cortical bone adjacent to the ligament (arrowhead). Lateral is to
the right on both images.
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Three months after surgery, the horse had a mild (grade 1/5)
right forelimb lameness when trotted in a straight line, without a
positive response to firm flexion of the carpus. There was slight
middle carpal joint effusion and mild thickening of the soft
tissues surrounding the distal carpus in the region of the incisions.
Sodium hyaluronate (Hylartin V; 20 mg)2 was injected into the
right middle carpal joint and the owner instructed to confine
the horse to a small paddock (30' x 30'), with trotting for
10–15 min daily. The amount of time that the horse was trotted
was gradually increased to 45 min daily over the next 3 months.

When the horse was re-evaluated 6.5 months after surgery,
the horse was sound and firm flexion or manipulation of the
right carpus did not elicit signs of pain. On physical
examination, mildly increased synovial effusion was present
within the middle carpal joint. Radiographs of the right carpus
taken at that time revealed a moderate amount of smoothly
marginated periosteal proliferation at the dorsolateral
aspect of the carpometacarpal joint. The dorsolateral
carpometacarpal joint space was widened and irregularly
marginated. Mild increased subchondral bone mineral
opacity, consistent with sclerosis, was present within the third
and fourth carpal and metacarpal bones adjacent to the
area of irregular joint space. The radiographic findings were
consistent with progressive osseous remodelling secondary to
facilitated carpometacarpal arthrodesis (Fig 4). Grossly, the
carpus appeared similar to the contralateral limb. The middle
carpal joint was again injected with triamcinolone acetonide
and sodium hyaluronate and the horse allowed to resume a
regular exercise/training programme. The horse was sound
and in regular work as a hunter when examined 13 months
after surgery.

Discussion
Normal intercarpal and carpometacarpal ligaments have
been described to have intermediate signal intensity on MR
images and their normal fibre pattern can be detected with
high-field strength MR imaging (Nagy and Dyson 2011). The

damaged carpometacarpal and interosseous ligaments
identified in this horse had low signal intensity on the T2-w
images, a finding typical of chronic injury. The low signal
intensity of the ligamentous tissue was likely due to diffuse
ligament fibre hypertrophy, replacing spaces normally filled
with high signal intensity synovial fluid or vasculature. Previous
reports have noted that a loss of normal fibre pattern of the
transverse intercarpal ligament as well as osseous irregularity
adjacent to the ligament was thought to be associated with
lameness (Murray 2007; Nagy and Dyson 2011). In addition,
decreased signal intensity of the third and fourth carpal and
metacarpal bones was also identified adjacent to the injured
ligaments. The low signal intensity in these areas corresponds
to decreased bone marrow fat content, which is compatible
with sclerosis (Anastasiou et al. 2003). Sclerosis may have
developed secondary to chronic enthesopathy or osseous
remodelling in response to chronic ligamentous instability. This
osseous remodelling was likely the cause of the increased
radiopharmaceutical uptake seen in the region of the fourth
carpal bone on nuclear scintigraphy.

It is not always possible to determine the cause of lameness
localised to the carpus and proximal metacarpal region with
clinical examination alone. In this horse, the scintigraphic
finding of increased radiopharmaceutical uptake in the region
of the fourth carpal bone and proximal metacarpal region
supported the suspicion of injury to this region. Nuclear
scintigraphy is exquisitely sensitive to lesions involving osseous
remodelling; however, the lack of specificity of this imaging
modality can limit its ability to direct treatment (Archer et al.
2007; Dyson and Murray 2007). In order to more specifically
determine the cause of lameness in this horse, MR imaging was
selected.

In this horse, the initial diagnosis by the referring
veterinarian was proximal suspensory desmopathy which was
treated with palmar metacarpal fasciotomy and a controlled
exercise rehabilitation programme. Typically, horses with
forelimb proximal suspensory injuries have a good prognosis to
return to performance when treated conservatively with rest
and rehabilitation alone. Surgical management including
plantar neurectomy and/or fasciotomy is usually reserved
for desmopathy of the suspensory ligament in the hindlimb
(Hewes and White 2006; Brokken et al. 2007; Dyson and Murray
2012). However, forelimb lameness caused by chronic
proximal suspensory desmopathy, which is refractory to
conservative management, has been recently reported to be
successfully treated by neurectomy of the deep branch of the
lateral palmar nerve (Gay Guasco et al. 2013). The horse’s
lameness in this report was refractory to surgery with an
extended period of rehabilitation as well as intra-articular
therapy. At the time MR examination was performed, the
proximal suspensory ligaments of both forelimbs were identical
to each other and considered to be within normal limits.
Desmopathy of the right front proximal suspensory ligament
had been diagnosed based on mild abnormalities identified
ultrasonographically by the referring veterinarian 5 months
prior to the MR examination. It is possible that the ligamentous
abnormalities had resolved between the time of the
ultrasound and the time the MR examination was performed.
Alternatively, the lack of proximal suspensory abnormalities on
the MR examination may be due to differences between the
imaging modalities and/or inter-observer variability.

Based on the history, imaging findings and the lack of a
positive response to the initial treatment, lameness was

a) b)

Fig 4: Dorsopalmar (a) and dorsomedial to palmarolateral oblique
(b) radiographs of the right carpus made 6.5 months after surgery
was performed. Moderate sclerosis and osseous remodelling is
present in the lateral and dorsolateral aspects of the
carpometacarpal joint. The digital marker indicates the lateral
aspect of the limb.
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attributed to a combination of injuries including desmopathy
of the lateral carpometacarpal ligament and interosseous
ligament between the third and fourth metacarpal bones. It is
also possible that other abnormalities not appreciated on the
MR examination may have contributed to the horse’s
lameness. Articular cartilage lesions without associated
subchondral bone defects can be difficult to appreciate on
MR images of the carpus because the opposing articular
surfaces are in close proximity to each other, limiting articular
surface evaluation (Nagy and Dyson 2011). Synovitis,
evidenced in this horse by moderate synovial effusion in the
right carpometacarpal joint, may have been a contributing
source of lameness or a sequel to the ligamentous injury
present on MR images. Based on the combination
of abnormalities affecting the lateral aspect of the distal
carpus and proximal metacarpal region, facilitated
carpometacarpal arthrodesis was performed to promote
fusion of the carpometacarpal joint.

The surgical drilling technique used in this horse was a
modification of the techniques described by Barber and Lang
for horses with advanced carpometacarpal osteoarthritis
(Barber et al. 2009). A total of 4 passes of a 3.2 mm drill bit were
performed across the carpometacarpal joint. The drill bit was
inserted in the carpometacarpal joint at 2 locations
concentrating on the lateral aspect of the joint. In addition, a
3.2 mm drill bit was used in this horse which is smaller than the
4.5 or 5.5 mm described previously (Barber et al. 2009).
Radiographic examination 6.5 months after surgery revealed
osseous remodelling and subchondral bone sclerosis in the
lateral aspect of the carpometacarpal joint, with evidence of
focal ankylosis laterally. It is possible that the drilling allowed
bone to bridge or ‘spot weld’ in certain areas, thereby
eliminating motion in the affected areas. As demonstrated in
studies related to the fusion of the tarsometatarsal and distal
intertarsal joints, bony ankylosis on radiographs does not
always correlate directly with soundness (Dowling et al. 2004;
Zubrod et al. 2005).

This case report describes lameness caused by a
combination of ligamentous injuries to the lateral aspect of the
distal carpus/proximal metacarpal region and specific
treatment based on the clinical and imaging findings,
particularly the MR imaging findings. The resolution of the
horse’s lameness with facilitated arthrodesis of the
carpometacarpal joint supports the MR imaging findings as
the cause of lameness. However, it is important to note that a
definitive cause of lameness may be difficult even with all the
diagnostic and clinical information provided. The use of
high-field MR imaging demonstrated a complex cause of
lameness localised to the carpal/proximal metacarpal region
and allowed for appropriate treatment for this horse.
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Clinical Commentary

Intra-articular soft tissue injuries in the carpus
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Diagnosing lesions of intra-articular soft tissues in the
carpus is challenging because most of these structures are
inaccessible to conventional diagnostic imaging techniques
and interpretation of results of advanced diagnostic imaging
methods is often difficult. Arthroscopy has been the
traditional method of evaluation and treatment of intra-
articular injuries; however, it requires general anaesthesia, not
all parts of the joint can be accessed and the internal
architecture of intra-articular structures cannot be evaluated
(McIlwraith et al. 2005; Getman et al. 2007). Moreover, only
the proximal two carpal joints can be examined
arthroscopically; the carpometacarpal joint is completely
inaccessible.

Prior to the use of magnetic resonance imaging (MRI) in
the carpus, the most frequently documented intra-articular
soft tissue injury in the carpus was tearing of the palmar
intercarpal ligaments, primarily of the medial palmar
intercarpal ligament (McIlwraith 1992; Moore and Schneider
1995; Whitton et al. 1997). These lesions have been
associated with middle carpal joint effusion, intra-articular
haemorrhage and lameness. However, the clinical
significance has been questioned because in most cases
other intra-articular lesions were also present or there were no
signs of acute injury. Diagnosis has traditionally been
achieved with arthroscopy. The normal ultrasonographic
appearance of the palmar intercarpal ligaments has been
described (Driver et al. 2004), but lesions diagnosed by
ultrasonography have not been documented. These
ligaments can be visualised by MRI (Nagy and Dyson 2011)
and computed tomography (Gray et al. 2013), but to date
no MRI or computed tomographic diagnosis of injuries to the
palmar intercapal ligaments have been published.

Desmopathy of the transverse intercarpal ligaments has
been diagnosed using MRI (Murray 2007; Nagy et al. 2012).
The ligament fibres are best assessed on high-field magnetic
resonance (MR) images. Osseous reactions at the insertion
sites can also be seen on good quality low-field images
(Nagy and Dyson 2012). Transverse intercarpal ligament
injuries have been seen as a sole lesion associated with
carpal pain in a small number of horses (Nagy and Dyson
2012). Diagnosis was primarily based on marked osseous
reaction in the carpal bones at the ligament insertion sites.

Hypertrophy of the dorsomedial intercarpal ligament has
been described, but it has not been associated with other
intra-articular injury and its clinical significance remains
questionable (Whitton et al. 1997).

Porter et al. (2016) present a case with lameness
attributed to desmitis of the lateral carpometacarpal
ligament and desmitis of the interosseous ligament between
the third and the fourth metacarpal bones. Syndesmopathy
of the interosseous ligaments has been described (Coudry
et al. 2008; Nagy et al. 2012), but this is the first report of injury

to a carpometacarpal ligament. The carpometacarpal
ligaments originate on the opposing aspects of the second
and third carpal bones (medial carpometacarpal ligament)
and the third and fourth carpal bones (lateral
carpometacarpal ligament) and insert on the opposing
surfaces of the second and third, and third and fourth
metacarpal bones, respectively (Fig 1) (Nagy and Dyson
2011). The carpometacarpal ligaments are inaccessible to
conventional diagnostic imaging methods. Their
appearances in nonlame horses have been described in an
MRI study (Nagy and Dyson 2011). Even on high-field MR
images the carpometacarpal ligaments are difficult to assess
due to their small size, location and fibre orientation (oblique
in multiple directions). Low-field images provide even more
limited information and in some horses no diagnostic
information of these structures can be obtained. Porter et al.
(2016) diagnosed lateral carpometacarpal desmopathy
based on decreased signal intensity of the ligament fibres on
all sequences, enlargement of the ligament and decreased
signal intensity of the carpal and metacarpal bones at the
insertion site. On the images provided in the manuscript, the
injured ligament undoubtedly looks different from the
contralateral ligament; however, the abnormalities are
relatively mild, especially in the carpal bones. Scintigraphic
examination revealed increased radiopharmaceutical
uptake in the second and third carpal bones (images not
presented in the manuscript). It is possible that scintigraphy
was more sensitive for detection of osseous abnormalities
than MRI. However, it also has to be borne in mind that it can
be very difficult, if not impossible, to differentiate between
the insertion sites of the transverse intercarpal and
carpometacarpal ligaments on scintigraphic images.
Information about the transverse intercarpal ligaments was
not provided in the manuscript. Increased
radiopharmaceutical uptake has been associated with
insertional desmopathy of the transverse intercarpal
ligaments and the intertarsal ligaments (S. Dyson, personal
communication). In the carpus, in most cases that had
undergone MRI and scintigraphy (because results of
radiography and ultrasonography did not explain the
lameness), IRU was associated with primary osseous
pathology (increased mineralisation) of the carpal bones
(Nagy and Dyson 2012).

A recent study described computed tomographic
arthrography of the intercarpal ligaments of the carpus (Gray
et al. 2013). Computed tomographic arthrography allowed
good visualisation of the medial and lateral intercarpal
ligaments, the radiocarpal ligament, the transverse
intercarpal ligaments and the palmar carpal ligament; the
carpometacarpal ligaments were not assessed.

In the case reported by Porter et al. (2016), lesions were
located on the lateral aspect of the carpus and proximal
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metacarpal region. To my knowledge there are no
biomechanical studies investigating differences between
forces in the medial and lateral aspects of the carpus and
the proximal metacarpal region. However, clinical
observations suggest that the medial aspect of the carpus
and the proximal metacarpal region may be exposed to
greater biomechanical forces than laterally. Most stress-
related, degenerative and traumatic injuries in the carpus
occur medially (Bramlage 1983; Ross 2010). Most stress-related
bone injury in the proximopalmar aspect of the McIII occurs
at, or starts from, medially (Ross et al. 1988; Pleasant et al.
1992; Powell et al. 2010; Morgan and Dyson 2011). In a
cadaver MRI study of nonlame horses the proximomedial
aspect of the palmar cortex of the third metacarpal bone
was thicker than laterally (Nagy and Dyson 2009). In
dorsopalmar radiographic images, the opacity of the
proximomedial aspect of the third metacarpal bone is often
slightly greater than laterally (Butler et al. 2008). In dorsal
scintigraphic images, radiopharmaceutical uptake in the
proximal aspect of the third metacarpal bone is greatest
medially and centrally in most nonlame horses (Weekes et al.
2006). In a recent MRI study of the carpus and proximal
metacarpal region, most abnormalities were identified in the
medial aspect of the carpus and proximal metacarpal region

(Nagy and Dyson 2012). It is not clear what predisposes
certain horses to injuries to the lateral aspect of the carpus
and/or proximal metacarpal region. It is likely that
conformation, individual gait characteristics or abnormal
forces due to the horse’s exercise play a role. The horse
presented by Porter et al. (2016) was a hunter, which should
not under normal circumstances be subject to asymmetrical
loading of the carpus. The horse’s conformation was not
documented.

Lameness was abolished by both intra-articular analgesia
of the middle carpal joint and by perineural analgesia of the
lateral palmar nerve. This case highlights the lack of
specificity of diagnostic analgesic techniques in the proximal
metacarpal and carpal regions. It has been observed by
many clinicians that subcarpal pain can be improved or
abolished by intra-articular analgesia of the middle carpal
joint and that middle carpal or carpometacarpal pain can
be alleviated by perineural analgesia of the subcarpal/distal
carpal region. Inadvertent penetration of the distal pouches
of the carpometacarpal joint may occur if perineural
analgesia of the palmar metacarpal nerves is performed in
the proximal metacarpal region, which can improve pain
originating from the middle carpal and carpometacarpal
joint (these 2 joints always communicate). Perineural
analgesia of the lateral palmar nerve has been associated
with inadvertent penetration of the carpal synovial sheath,
but not of the middle carpal joint (Nagy et al. 2012). In a
radiographic contrast study, following perineural injection of
the lateral palmar nerve using the medial approach, diffusion
of the contrast medium around the median and deep
branch of the ulnar nerves was seen, which may explain why
carpal region pain may be desensitised following perineural
analgesia of the lateral palmar nerve (Nagy et al. 2012). It is
more difficult to explain how intra-articular analgesia of the
middle carpal joint can abolish proximal metacarpal pain. If
a palmar approach is used, palmar diffusion of local
anaesthetic solution from the joint capsule penetration site
may occur; however, especially in sports horses, the middle
carpal joint is most often injected using the dorsal approach.
Synovial fluid of the carpometacarpal joint surrounds the most
proximal aspect of the suspensory ligament and synovial fluid
can also be seen between the main and additional lateral
lobes of the suspensory ligament in MR images. Local
diffusion to the suspensory ligament or the palmar
metacarpal nerves might be responsible for desensitisation of
proximal metacarpal pain.

With the increasing use of advanced diagnostic imaging
of the proximal metacarpal and carpal regions it has been
recognised that many horses have lesions in both regions.
There are also a number of structures that extend from the
carpus to the proximal metacarpal region (e.g. the palmar
carpal ligament continues as the accessory ligament of the
deep digital flexor tendon; the suspensory ligament has
additional fibres originating from the third carpal and fourth
metacarpal bones; the carpal sheath extends 7–10 cm
proximal to the accessory carpal bone to the mid-
metacarpal region). It is recommended that if positive
response to subcarpal analgesia is seen, then intra-articular
analgesia of the middle carpal joint is performed and vice
versa. Although diagnostic analgesic techniques in this region
are not specific, when combined with the results of
diagnostic imaging, they help to identify the primary source
of pain.

Fig 1: Dorsal T2*-weighted gradient echo high-field magnetic
resonance image of a cadaver carpus. Medial is to the left. The
carpometacarpal ligaments originate on the opposing surfaces of
the second and third, and third and fourth carpal bones and
insert on the opposing surfaces of the second and third, and third
and fourth metacarpal bones, respectively. In this image only the
medial ligament can be seen in its entire length (white arrows),
only the distal aspect of the lateral ligament can be visualised
(black arrow). Due to the multiple oblique orientation of the
ligament fibres, it is very difficult to assess fibre structure even on
good quality high-field images.
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It is important to recognise that diagnostic imaging
abnormalities are not necessarily associated with pain.
Accurate diagnosis can be particularly difficult to achieve in
regions for which only limited information is available. Very
few publications are available on MRI abnormalities of the
carpus and proximal metacarpal region. While it is important
to publish new information and diagnosis of lesions that have
not been described previously, limitations of our knowledge
also have to be acknowledged. The abnormalities described
by Porter et al. (2016) are mild. This is not to say that they
cannot be responsible for the lameness, but with our current
knowledge we can only speculate, especially with positive
responses to both intra-articular and perineural analgesia. It
cannot be excluded that other lesions that could not be
detected on MR images also contributed to the lameness
(e.g. articular cartilage damage). However, following
treatment the horse became sound, which indicates that
providing stability of the carpometacarpal joint by fusion
helped to alleviate pain.
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Case Report

Reduced tongue tone associated with degeneration of the
hypoglossal nerve nucleus in a horse with equine motor
neuron disease
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Summary
Equine motor neuron disease (EMND) is a condition
characterised by generalised weakness and muscle atrophy
associated with degeneration of motor neurons in the ventral
horns of the spinal cord. Despite the frequent detection
of cranial nerve nuclei pathology during post mortem
examination, associated clinical signs are rarely reported. This
report describes a case of EMND in a pony gelding that
presented with clinical signs of diffuse neuromuscular
weakness associated with marked flaccidity of the tongue,
making differentiation from similar neuromuscular conditions,
particularly botulism, extremely challenging.

Introduction
Equine motor neuron disease (EMND) is an acquired
neuromuscular disease of horses first described in 1985
(Cummings et al. 1990). It is characterised by generalised
weakness and muscle atrophy associated with degeneration
of motor neurons in the ventral horns of the spinal cord and
specific brain stem nuclei (Cummings et al. 1990; Divers et al.
1994). Clinical signs vary between cases and include muscle
fasciculations, weight shifting, a base-narrow stance, muscle
atrophy and weight loss despite increased appetite
(Cummings et al. 1990; Divers et al. 1994). These clinical signs
are similar to those of other neuromuscular diseases, including
botulism and equine dysautonomia. Making a premortem
definitive diagnosis of these diseases can be challenging and
clinical signs are therefore an essential part of the decision
making process. Botulism is a severe neuroparalytic disease
caused by the effects of Clostridium botulinum neurotoxin on
the neuromuscular junction (Whitlock and McAdams 2006).
Reported clinical signs in horses are those of progressive
muscular paralysis of the limbs, jaw, pharynx and tongue, with
a reduction in tongue and lip tone (Ricketts et al. 1984).
Despite common involvement of the hypoglossal nucleus,
reduced tongue tone has never been reported in a case of
EMND (Mackay 2008). Here we report a case of EMND with
clinical signs of diffuse neuromuscular weakness associated
with marked flaccidity of the tongue, making antemortem
diagnosis and prognosis generation challenging.

Case history
A 7-year-old Welsh Section D pony gelding was presented to
the hospital for further investigation of suspected equine
dysautonomia. The referring veterinary surgeon was called to
examine the gelding after a 4 day history of dysphagia and

marked weight loss. Clinical findings at this time included
tachycardia (80 beats/min), reduced intestinal borborygmi
and fasciculations of the pectoral muscles. The referring
veterinary surgeon immediately referred the gelding for further
investigation. The gelding had been continuously stabled
during the 2 months prior to referral and had never travelled
outside of the UK. He had been fed ad libitum haylage and a
proprietary high fibre mixed feed (3 kg/day). There were
approximately 25 other horses in the same management
system and none had similar clinical signs. There was no history
of equine dysautonomia on the premises.

Clinical findings
On arrival, the gelding appeared distressed with generalised
sweating and widespread muscle fasciculations (particularly
of the forelimbs) noted. At this time he was tachycardic (82
beats/min) and tachypnoeic (26 breaths/min). Other vital
parameters were within normal limits. Abdominal ultrasound
was unremarkable, with normal small intestinal motility
observed. Digital pulses were not palpably increased, nor was
there increased heat in the hooves.

Cranial nerve examination revealed a marked reduction in
tongue tone, with the tongue easily grasped with 2 fingers and
held out of the mouth with the jaws closed. The pony was
observed to swallow normally and the rest of the cranial
nerve examination was unremarkable. Posterior segment
examination was unremarkable. No ptosis was detected and
topical application of 0.5% phenylephrine to one eye had no
observable effect. The primary gait abnormality was weakness
and muscle fasciculation, indicative of diffuse neuromuscular
disease, although whilst walking he had occasional
hypermetric movements of the forelimbs. He was able to resist
a tail pull at rest; however, his ability to resist during walking was
bilaterally markedly reduced. Tail tone and anal tone were
both slightly reduced. During the examination, the pony
began to weight shift on all 4 limbs with increasing frequency
and the severity of the muscle fasciculations increased.
Following sedation with 150 mg of xylazine administered i.v. to
facilitate a rectal examination, the gelding became unstable
and was moved to a padded box where he immediately
became recumbent and remained so for around 60 min
before standing again. Haematology and serum biochemistry
showed elevations in packed cell volume (PCV) and total
protein (TP) (43%, ref 28–40 and 80 g/l, ref 53–73 g/l,
respectively), mild elevations in creatine kinase (CK) (588 u/l,
ref 120–450 u/l), aspartate aminotransferase (AST) (598 u/l, ref
175–340 u/l) and bilirubin (59 μmol/l, ref 9–39 μmol/l), but were
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otherwise unremarkable. The mild hyperbilirubinaemia was
presumed to be secondary to dysphagia and associated
reduced food intake. The elevated PCV/TP indicated mild
dehydration that may also have been contributing to the
tachycardia.

The differential diagnoses for the presenting signs were
EMND, equine dysautonomia, botulism, laminitis, colic,
hypocalcaemia and atypical myopathy. The serum
concentrations of CK and AST did not support a myopathy
and were consistent with increased recumbency. Plasma
ionised calcium concentration was within normal limits.
Laminitis was considered to be unlikely as there were no
increases in digital pulses or increased heat in the hooves.
Equine dysautonomia was also considered unlikely at this
stage based on the negative phenylephrine test and
abdominal ultrasonography; however, it was difficult to
completely rule out, as rectal examination was not possible.
There was not considered to be enough evidence to justify
exploratory laparotomy and ileal biopsy to rule out equine
dysautonomia (Scholes et al. 1993). The prominence of
neuromuscular weakness and tongue paralysis rather than
gastrointestinal signs indicated EMND and botulism as the
primary differentials.

Treatment and case progression
The gelding was treated symptomatically and for EMND with
selenium and vitamin E supplementation. Following sampling
for determination of serum vitamin E and selenium
concentrations, i.m. vitamin E (7.8 iu/kg bwt) and selenium
(0.08 mg/kg bwt) supplementation were administered as a
single injection (Vitesel)1. Oral vitamin E supplementation was
also initiated (2000 iu/day). Fluid deficits were replaced by i.v.
administration of an isotonic crystalloid solution which was
then continued at a maintenance rate (60 ml/kg bwt 24 h).
Flunixin meglumine (Meflosyl)2 was administered (1.1 mg/kg
bwt i.v. q. 12 h) as an anti-inflammatory and analgesic
agent.

The gelding’s heart rate reduced to 56 beats/min
overnight and his PCV/TP returned to within normal limits. He
was only able to remain standing for between 30 and 45 min
at a time before returning to lateral recumbency.

The following day, an incisional biopsy of the sacrocaudalis
dorsalis medialis (SCDM) muscle was obtained under standing
sedation and local anaesthesia (Ledwith and McGowan
2004). The process was made difficult by the gelding’s inability
to remain standing for long periods. Histological examination
revealed multifocal atrophy of the muscle fibres with
occasional fibrosis and infiltration of adipocytes, consistent
with denervation atrophy (Fig 1). These findings supported a
diagnosis of EMND; however, due to the marked and
continued reduction in tongue tone, it was questioned as to
whether botulism might also result in these histological
changes as has been reported in botulism in man (Maselli et al.
1997). On review of the slides, the changes were considered to
be most consistent with EMND.

Over the following 4 days, the gelding remained
persistently tachycardic (50–80 beats/min) and had increased
periods of recumbency. His appetite appeared normal and he
continued to eat, despite the dysphagia. On Day 5 he was no
longer able to support himself in sternal recumbency and the
decision was made to subject the gelding to euthanasia on
humane grounds.

Post mortem examination
No gross abnormalities were observed; however, multiple
neuropathological changes were detected on histological
examination. Bilaterally, within the pectoralis descendens and
tensor fasciae latae muscles there were multifocal small
contiguous groups of severely atrophied angular fibres
admixed with moderately hypertrophied fibres (Fig 2),
consistent with denervation atrophy. Histochemical fibre
typing was not performed; however, the above muscles have
been shown to have a higher proportion of type I fibres than
the semimembranosus muscles (predominantly type II) and
tongue (Fig 3), which were only mildly affected (Kawai et al.
2009). Within the central nervous system (CNS) there was
diffuse evidence of motor neuron damage. Spheroids were
present in the ventral horns of the cervical, thoracic and
particularly lumbar spinal cord. Scattered chromatolytic
neurons were also observed. In correlation with the presence
of the mild myofibre atrophy detected in the tongue, marked

Fig 1: Sacrocaudalis dorsalis medialis muscle. Small clusters of
angular atrophic myocytes. H&E, 20x.

Fig 2: Tensor fasciae latae muscle. Multifocal hypertrophic
myofibres are surrounded by small groups of shrunken, angular,
atrophic fibres, consistent with denervation atrophy. H&E, 20x.
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gliosis associated with loss of neurons and scattered
chromatolytic neurons and spheroids, was detected within the
hypoglossal ganglion (Fig 4). Moderate numbers of neuronal
cell bodies contained lipofuscin. Occasional axonal swelling
was also detected within the left trigeminal nerve. Intracellular
deposition of lipopigment (Luxol-fast Blue positive) was
diffusely observed within the cytoplasm of endothelial cells
of the CNS. There was widespread evidence of axonal
degeneration throughout the peripheral nervous system, with
swelling of myelin sheaths and spheroid formation.

These findings, particularly the denervation atrophy of
muscles with a higher prevalence of type I myofibres,
lipopigment accumulation in endothelial cells and
degeneration of neuronal somata and axons were consistent
with a diagnosis of EMND. The clinically observed markedly
reduced tongue tone was supported by histological evidence
of muscle fibre atrophy within the tongue and degenerative
changes within the left hypoglossal nerve nucleus.

Serum vitamin E (7.8 μmol/l, ref. >4.6 μmol/l), selenium
(4.01 μmol/l, ref >1.77 μmol/l) and glutathione peroxidase (67

u/ml, ref 30–150 u/ml) concentrations in the pretreatment
blood samples were reported to be within the normal ranges
following post mortem.

Discussion
To the authors’ knowledge, this is the first reported case of
EMND with clinical signs associated with degenerative
changes to the hypoglossal nerve nucleus. In this case, the
reduced tongue tone and recumbency made it difficult to
differentiate between EMND and botulism. Degeneration of
the nuclei of all of the cranial nerves, with the exception of the
oculomotor, trochlear and abducens, has been reported in
cases of EMND; however, there are few reports of associated
cranial nerve signs occurring (Mackay 2008). Reported signs in
2 horses included flaccid lips, dilated pupils and slow pupillary
light reflexes; however, there was no histological evidence of
associated neuromuscular pathology in either of these cases
(Kyles et al. 2001; Sasaki et al. 2006). The lack of clinical signs
may indicate that fewer than 30% of the neurons within the
supplying nerves are affected (Divers et al. 2001). It has been
reported that motor neurons supplying type I muscle fibre
groups are preferentially affected by EMND (Valentine et al.
1994). The human tongue is predominantly composed of type
II fibres and, if this is also the case in horses, this may account
for the lack of clinical signs of reduced tongue tone observed
in EMND cases (Stål et al. 2003).

Typical cases of equine botulism in adult horses have a 2–3
day history of muscle weakness and dysphagia prior to
presentation, with progression to recumbency occurring after
a further 3–4 days (Whitlock and McAdams 2006). Other
clinical signs include colic, muscle fasciculations (typically of
the triceps), ptosis, reduced tail tone, toe dragging, low head
carriage, reduced tongue tone and eventually respiratory
failure and death (Whitlock and McAdams 2006). The tongue
stress test, a simple measurement of tongue tone based on
ability to retract the tongue with the jaws held closed, is
reported to be one of the most sensitive and early clinical signs
of botulism in horses (Whitlock 1996). In the case reported here,
the gelding had a positive tongue stress test and several other
signs of botulism, including recumbency and reduced tail and
anal tone. Definitive diagnosis of equine botulism is very
difficult in individual cases and depends upon demonstration
of the toxin in serum of affected animals (Smith and Murray
1984). This has rarely been reported in horses, likely due to their
increased sensitivity to the toxin. The demonstration of an
antibody response in recovering cases or the presence of
spores or toxin in feed, gastrointestinal contents or wounds
have been suggested as supportive of a diagnosis, although
there is some controversy over their significance (McCann
2000; Whitlock and McAdams 2006). Either way, definitive
diagnosis is rare in individual cases and typically occurs long
after onset of clinical signs and the opportunity for specific
therapy (McCann 2000). Therapy for equine botulism is based
on rapid antitoxin therapy and supportive care (Whitlock
1996). There is a report of Clostridium botulinum antitoxin
administration to a suspected equine botulism case in the UK
(McCann 2000). At the time of writing this therapy was
unavailable in the UK.

Abnormal fundic discoloration is reported in cases of EMND
and a study of 42 cases detected abnormal ocular findings in
95% of cases (Riis et al. 1999). The variability in pigment
deposition within the ocular fundus of normal horses can make
these findings difficult to interpret and other sources suggest

Fig 3: Tongue muscle. Areas of normal architecture admixed with
fascicles containing atrophic myofibres. H&E, 4x.

Fig 4: Hypoglossal ganglion. Gliosis, reduction in number of
neurons and a chromatolytic neurons are evident in this section.
H&E, 20x.
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that fundic lesions are only found in approximately 30% of
cases (Nout 2010). Therefore, in the case reported here, the
lack of ocular abnormalities was not considered enough to
exclude EMND.

The aetiology of EMND is unknown. Due to the apparent
predilection for damage to highly oxidative type I skeletal
muscle fibres, it is proposed that a deficiency of antioxidant
activity (most likely of dietary origin) could be responsible for
disease (Valentine et al. 1994). Plasma concentrations of
vitamin E have been shown to be consistently reduced in
EMND cases when compared to controls (Divers et al. 1994; De
La Rúa-Domènech et al. 1997). Numerous factors are known to
affect the serum concentration of vitamin E in individuals
(Finno and Valberg 2012). Of particular importance is the wide
variability in individual concentrations that occur within a 72 h
period and it has been suggested that multiple samples should
be used when assessing vitamin E status (Craig et al. 1989). As
a single sample was found to be within normal limits in the case
reported here, it may have been more appropriate to repeat
the analysis to accurately assess the vitamin E status of the
horse. Serum selenium concentration and glutathione
peroxidase activity were found to be within normal limits in
13/14 cases in one study of EMND cases and this is consistent
with our findings (Divers et al. 1994). Vitamin E supplementation
is recommended in cases of EMND and 5000–7000 iu vitamin
E/day is currently advised (Divers et al. 2001; Finno and Valberg
2012).

Other recommended antemortem diagnostic tests for
EMND include examination of the SCDM muscle and ventral
branch of the spinal accessory nerve (Divers et al. 1996;
Jackson et al. 1996). In this case, histology of the SCDM muscle
helped to exclude equine dysautonomia as the observed
changes were consistent with denervation muscle atrophy,
whereas the atrophy reported in equine dysautonomia is
non-neurogenic and most likely caused by anorexia and
derangements in gastrointestinal function (Valentine et al.
1998). Muscle biopsy has a reported sensitivity of
approximately 90% for EMND detection (Divers et al. 1996);
however, it is possible that similar signs would also be seen with
botulism, making it impossible to completely exclude it in this
case. In humans affected by botulism, significant numbers of
angular atrophic fibres in skeletal muscle have been reported,
similar to those described in this case (Maselli et al. 1997). There
are few reports of muscle histology in cases of equine botulism;
however, in a report of 6 cases, there were no significant
microscopic muscular abnormalities reported following post
mortem examination, suggesting that the timescale of the
disease is usually so rapid that detectable changes cannot
develop (Ricketts et al. 1984). Spinal accessory nerve biopsy
was not carried out antemortem in this case and could have
been considered to help differentiate between EMND and
botulism. Interestingly, despite a reported sensitivity of 90% for
the diagnosis of EMND (Jackson et al. 1996), no abnormalities
were detected during examination of the post mortem sample
of the spinal accessory nerve in this case. This may reflect the
relatively acute onset of the clinical signs in this case, as the
most acute case (2 week duration of clinical signs) in the study
by Jackson et al. (1996) had very subtle changes that were
undetected by 7/8 evaluators. In this case the clinical signs
had only been present for 4 days and may well have been
undetectable.

This report describes the first case of EMND associated with
reduced tongue tone. In addition there were no detected

degenerative changes within the ocular fundus or spinal
accessory nerve and the serum concentrations of vitamin E
was within normal limits. Overall, these findings are consistent
with an atypical form of the disease that should be considered
when attempting to differentiate EMND from similar conditions,
particularly botulism.

Authors’ declaration of interests
No conflicts of interest have been declared.

Manufacturers’ addresses
1Norbrook Laboratories (GB) Ltd, Great Corby, Carlisle, Cumbria, UK.
2Zoetis UK Limited, London. UK.

References
Craig, A.M., Blythe, L.L., Lassen, E.D., Rowe, K.E., Barrington, R. and

Slizeski, M. (1989) Variations of serum vitamin E, cholesterol, and total
serum lipid concentrations in horses during a 72-hour period. Am. J.
Vet. Res. 50, 1527-1531.

Cummings, J.F., de Lahunta, A., George, C., Fuhrer, L., Valentine, B.A.,
Cooper, B.J., Summers, B.A., Huxtable, C.R. and Mohammed, H.O.
(1990) Equine motor neuron disease; a preliminary report. Cornell
Vet. 80, 357-379.

De La Rúa-Domènech, R., Mohammed, H.O., Cummings, J.F., Divers,
T.J., De Lahunta, A. and Summers, B. (1997) Association between
plasma vitamin E concentration and the risk of equine motor neuron
disease. Vet. J. 154, 203-213.

Divers, T.J., Valentine, B.A. and Jackson, C.A. (1996) Simple and
practical muscle biopsy test for equine motor neuron disease.
Proc. Am. Ass. Equine Practnrs. 42, 180-181.

Divers, T.J., De Lahunta, A., Hintz, H.F., Riis, R.C., Jackson, C.A. and
Mohammed, H.O. (2001) Equine motor neuron disease. Equine Vet.
Educ. 13, 63-67.

Divers, T.J., Mohammed, H.O., Cummings, J.F., Valentine, B.A.,
De Lahunta, A., Jackson, C.A. and Summers, B.A. (1994) Equine
motor neuron disease: findings in 28 horses and proposal of a
pathophysiological mechanism for the disease. Equine Vet. J. 26,
409-415.

Finno, C.J. and Valberg, S.J. (2012) A comparative review of vitamin E
and associated equine disorders. J. Vet. Intern. Med. 26, 1251-1266.

Jackson, C.A., De Lahunta, A., Cummings, J.F., Divers, T.J., Mohammed,
H.O., Valentine, B.A. and Hackett, R.P. (1996) Spinal accessory nerve
biopsy as an ante mortem diagnostic test for equine motor neuron
disease. Equine Vet. J. 28, 215-219.

Kawai, M., Minami, Y., Sayama, Y., Kuwano, A., Hiraga, A. and Miyata,
H. (2009) Muscle fiber population and biochemical properties of
whole body muscles in thoroughbred horses. Anat. Rec. 292,
1663-1669.

Kyles, K.W.J., McGorum, B.C., Fintl, C., Hahn, C.N., Mayhew, I.G. and
Mauchline, S. (2001) Electromyography under caudal epidural
anaesthesia as an aid to the diagnosis of equine motor neuron
disease. Vet. Rec. 148, 536-538.

Ledwith, A. and McGowan, C.M. (2004) Muscle biopsy: a routine
diagnostic procedure. Equine Vet. Educ. 16, 62-67.

Mackay, R. (2008) Neurodegenerative disorders. In: Equine Neurology,
Eds: M. Furr and S. Reed, Wiley-Blackwell, Oxford. pp 238-246.

Maselli, R.A., Ellis, W., Mandler, R.N., Sheikh, F., Senton, G., Knox, S.,
Salari-Namin, H., Agius, M., Wollmann, R.L. and Richman, D.P. (1997)
Cluster of wound botulism in california: clinical, electrophysiologic,
and pathologic study. Muscle Nerve 20, 1284-1295.

McCann, J.L. (2000) A suspected case of botulism in a horse. Equine
Vet. Educ. 12, 114-119.

Nout, Y.S. (2010) Equine motor neuron disease. In: Equine Internal
Medicine, Eds: S. Reed, W. Bayly and D. Sellon, W. B. Saunders
Company, Philadelphia. pp 635-637.

Ricketts, S.W., Greet, T.R., Glyn, P.J., Ginnett, C.D., McAllister, E.P.,
McCaig, J., Skinner, P.H., Webbon, P.M., Frape, D.L. and Smith, G.R.
(1984) Thirteen cases of botulism in horses fed big bale silage. Equine
Vet. J. 16, 515-518.

437

© 2013 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / AUGUST 2016

Continued on page 423



Start recommending 
ProForce® feeds today!

ProForceFeed.com

THE BEST RESULTS IN COMPETITION BEGIN WITH THE BEST FEEDS.

http://www.ProForceFeed.com


Case Report

The use of computed tomography to diagnose bilateral forelimb
tendon pathology in a horse with unilateral lameness
B. G. Hunter*, M. J. Huber and S. Nemanic
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*Corresponding author email: barbara.hunter@oregonstate.edu

Keywords: horse; deep digital flexor tendon; distal sesamoid impar ligament; computed tomography

Summary
A horse with unilateral forefoot lameness had bilateral deep
digital flexor tendon (DDFT) lesions on computed tomography
(CT). Venous contrast enhanced CT revealed distal
sesamoidean impar desmitis in the lame forelimb. Computed
tomography is useful for diagnosis of soft tissue lesions within
the hoof capsule and contrast enhancement improves lesion
conspicuity.

Introduction
Forelimb lameness referable to the distal limb is common
in horses (Stashak 2002); however, definitive diagnosis can
be challenging. Appropriate medical imaging is vital for
accurate diagnosis. Radiographs can identify many osseous
abnormalities but interpretation of findings in equine feet
varies between evaluators (Groth et al. 2009). Soft tissues of the
foot can be assessed with ultrasound but limited imaging
windows are available and there is a high propensity for
artefacts (Dyson et al. 2003). Advanced imaging is invaluable
in diagnosing causes of foot lameness (Dyson et al. 2005).
While magnetic resonance imaging (MRI) has excellent
sensitivity and specificity for detecting soft tissue lesions in
the foot (Dyson et al. 2005), computed tomography (CT)
has recently proved to be a useful imaging modality for
detecting soft tissue and osseous lesions of the foot (Vallance
et al. 2012a,b). Use of contrast enhanced computed
tomography improves the sensitivity of this modality for
detecting selected lesions and allows assessment of
angiogenesis within injured soft tissues (Puchalski et al. 2009;
Vallance et al. 2012a,b).

Deep digital flexor tendonitis is common in equine foot
lameness (Dyson et al. 2005), but advanced imaging and
histopathology studies on horses with foot lameness have
shown that multiple concurrent abnormalities are often
present (Dyson et al. 2005; Blunden et al. 2006a; Dyson et al.
2010; Gutierrez-Nibeyro et al. 2010). With all imaging
modalities, interpreting findings within the context of the
clinical assessment is important. The presence and severity of
lesions detected with imaging is subject to interpretation and
may not correlate with the presence of lameness (Rouhoniemi
and Tervahartiala 1999; Groth et al. 2009). Current treatment
options for tendon injuries in the horse can be expensive and
response to therapy variable (Kersh et al. 2006; Gutierrez-
Nibeyro et al. 2010; Waguespack and Hanson 2011).
Favourable response to therapy is more likely to occur when
treatment is based on accurate diagnosis of the clinically
active lesion.

Case details

History
A 7-year-old Quarter Horse gelding used for ranch work
presented to a referral hospital for evaluation of chronic
forelimb lameness. Onset of lameness had been sudden and
severe in the left forelimb 7 months prior. Perineural blocks of
the distal left forelimb by the referring veterinarian failed to
localise lameness. The horse was treated with phenylbutazone
and 6 weeks small paddock rest but despite treatment the
owner reported persistence of a gait abnormality.

Clinical findings and diagnostics
On presentation, physical examination revealed bilateral
forelimb heel contracture and mild effusion in the right front
distal interphalangeal joint. The horse was shod with standard
steel shoes. The hoof-pastern angle on both forelimbs was
appropriate and the toes were rolled. Response to hoof testing
was negative. When trotted on firm ground, the horse was
grade 3/5 lame (AAEP grading scale) on the right front with
lameness most obvious when circled to the right. Perineural
anaesthesia of the right front palmar digital nerves removed all
right front lameness and following this block the horse
appeared sound. A diagnosis of unilateral right palmar foot
pain was made. Given the propensity for palmar foot pain
to be bilateral and with the history of left forelimb lameness
a few months prior, radiographs of both forefeet were
recommended. Projections included bilateral dorsopalmar,
lateromedial and dorsoproximal palmarodistal oblique views
of the distal phalanx, as well as dorsoproximal palmarodistal
and palmaroproximal palmarodistal oblique views of the
navicular bone. Radiographs revealed small osteophytes of
the proximal interphalangeal joint bilaterally consistent with
mild osteoarthritis. On the right front, a small enthesophyte was
present on the proximal aspect of the navicular bone.
Radiographic findings were considered insufficient to explain
the degree of lameness demonstrated by the horse. Bilateral
CT of the distal forelimbs with contrast enhancement of the
right forelimb, low field or high field MRI were recommended.
The client opted to pursue contrast enhanced CT as it was the
most economic option and available at the present facility
while MRI would have required travelling to a distant facility.

Three weeks following initial evaluation and radiographic
assessment, the horse was placed under general anaesthesia
and CT of both distal forelimbs performed with a helical CT
scanner ([Toshiba Aquilion 64]1 120 kV, 50 mA, 512 x 512 matrix,
256 x 256 mm field of view, soft tissue and bone algorithms).
Isovolumetric images were available in transverse, sagittal and
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frontal planes with a slice thickness of 2 mm. Venous contrast
enhanced computed tomography (CECT) images were
obtained of the distal right forelimb with the same imaging
parameters. A rubber tourniquet was placed on the proximal
aspect of the metacarpus. An 18 gauge 1.88 inch Vialon
catheter (BD Insyte-W)2 was placed in the medial palmar
digital vein and 20 ml iodinated contrast medium (Iopamidol
370 mg I/ml, 25 ml) power injected over 10 s. Images were
acquired at 60 s post contrast injection.

Evaluation of the precontrast images revealed bilateral
DDFT lesions. On the precontrast images of the left front DDFT,
there was a focal, well defined mildly hypoattenuating region
of the medial lobe of the DDFT proximal to the navicular bone
interpreted as a DDFT core lesion (Fig 1). The lesion extended
dorsally to contact the navicular bursa and palmar to the
collateral sesamoidean ligament. This lesion was present in
multiple images and imaging planes and measured 16 mm in
longitudinal length.

On precontrast images of the right front DDFT, there were
focal, well defined mildly hypoattenuating regions on the
dorsal aspect of both lobes of the DDFT located proximal
to the navicular bone interpreted as a DDFT core lesions
(Fig 2). Following contrast medium injection, the right front
DDFT lesions were contrast enhancing and measured 8 mm
in longitudinal length. In addition, a peripherally contrast
enhancing, centrally hypoattenuating lesion was apparent in
the distal sesamoidean impar ligament (DSIL) near its insertion
on P3 (Fig 3). This finding was compatible with desmitis of the
DSIL; an abnormality not evident on the precontrast images of
the right front.

A small enthesophyte was present on the proximal aspect
of the right front navicular bone and was associated with the
collateral sesamoidean ligament. The collateral sesamoidean
ligament was mildly enlarged but no contrast enhancing
lesions were seen. No other abnormalities were present on the
left or right front navicular bones.

a) b)

Fig 1: a) Mid-sagittal plane image,
with a white line indicating the level
of the transverse image in (b). b)
Transverse image of the LF showing
the focal, well defined mildly
hypoattenuating core lesions of the
medial lobe of the DDFT (medial is to
the right). The arrow marks contact
of the DDFT lesion with the navicular
bursa at the level of the collateral
sesamoidean ligament. Note the
irregularity of the DDFT dorsal border
and asymmetry of DDFT lobes with
medial lobe being greater in size.
Noncontrast image displayed in
a soft tissue Window/Level
(W320/L30).

a) b) c)

Fig 2: a) Mid-sagittal plane image, with a white line indicating the level of the transverse images in (b) and (c). b) Precontrast transverse
image of the RF showing the focal, well defined mildly hypoattenuating lesions of both lobes of the DDFT. c) Post contrast transverse image
of the RF at the same level as (b). The arrows mark the contrast enhancement of the lesions depicted in (b). Images (a) and (b) are
displayed in a soft tissue Window/Level (W320/L30). Image (c) is displayed in a bone Window/Level (W2100/L30).
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Treatment
The horse was treated with 3 cycles of extra-corporeal
shockwave therapy (ESWT) at 4 week intervals and confined to
a small paddock. A protocol of 1000 pulses through the heel
bulbs of each front foot at energy level 4 with a 20 mm trode
and 700 pulses through the frog of the right front at energy
level 4 using a 35 mm trode was followed. The horse improved
following each ESWT treatment and was sound when trotting in
a straight line on hard ground at the time of his final treatment.
Grade 1/5 lameness was present on the right front when
trotted in a circle to the right on hard ground. Switching from a
standard shoe to a shoe with more heel support was
recommended at the time of diagnosis. This change was
implemented just prior to the third ESWT treatment when the
horse presented in a straight bar shoe. Thirteen months
following final treatment, the owner reported that the horse
was still mildly lame on his right front and had been retired to
pasture.

Discussion
Palmar foot pain in the horse can result from soft tissue injuries,
bony abnormalities or a combination of both. Deep digital
flexor tendonitis, alone or in combination with other injuries, has
been reported to be the most common cause of foot
lameness in horses undergoing MRI evaluation for foot pain
(Dyson et al. 2005). Several causes of foot pain associated with
a normal radiographic examination have been reported
including navicular bursitis, desmitis of the collateral ligaments
of the distal interphalangeal joint and desmitis of the DSIL
(Dyson et al. 2005; Gutierrez-Nibeyro et al. 2010).
Ultrasonography of these structures is unrewarding in many
cases, necessitating advanced imaging in order to make a
diagnosis.

High-field MRI is commonly recognised as the best modality
for evaluation of soft tissue lesions within the equine foot;
however, it is not universally available. Recently, the utility of
CT in assessing diseases of the equine foot has been
demonstrated (Whitton et al. 1998; Rouhoniemi and
Tervahartiala 1999; Vallance et al. 2012a,b). A reliable
technique for intra-arterial contrast enhancement of CT

images has been developed in order to augment the utility of
CT (Puchalski et al. 2007). Since that time, CT in combination
with contrast enhanced CT (CECT) has been demonstrated to
be a valuable modality in the diagnosis of lameness localised
to the equine distal limb (Anderson and Nelson 2011; Vallance
et al. 2012b). The combination has also been reported to be
comparable to low field standing MRI in the value of
the diagnostic information yielded (Vallance et al. 2012b).
Although intra-arterial contrast enhancement is currently used
as the technique of choice for the production of CECT images,
catheterisation of the palmar medial artery is technically more
challenging than the palmar digital vein. In some patients
these authors have been unable to catheterise the palmar
medial artery and have infused the palmar digital vein in an
attempt to achieve contrast enhanced images. Our infusion
rate is considerably faster and the volume infused lower than
that reported for regional limb perfusion with antibiotics via the
palmar digital vein (Rubio-Martinez et al. 2012), but our
technique has produced diagnostic images. Given our rapid
rate of infusion, complications such as haematoma formation
or thrombophlebitis may occur using this technique. Although
we have not experienced complications, we have done
relatively few cases using this technique and complications
with antibiotic perfusions are reportedly low at a 12%
incidence of thrombophlebitis (Rubio-Martinez et al. 2012). In
this report, CECT was essential to diagnose the lesion in the
right front DSIL. Although studies comparing CT images of the
distal limb following contrast injection via the palmar digital
vein or the medial palmar artery are not available in the horse,
the palmar digital veins have been used successfully for
radiographic venograms in the past (Rucker 2010).

The relative importance of the DSIL lesion in comparison to
the more obvious DDFT lesions is difficult to interpret in the right
front. Given the close proximity of the DDFT to DSIL at the
attachment of these structures to the third phalanx, adhesion
formation between the 2 is possible. As adhesions may
predispose to chronic lameness that is poorly responsive to
treatment, high field MRI may have been useful in delineating
whether adhesions were present in this case (Holowinski et al.
2012).

a) b) c) d)

Fig 3: a) Mid-sagittal plane image, with a white line indicating the level of the transverse images in (b), (c) and (d). b) Precontrast
transverse image of the RF. c and d) Post contrast transverse images of the RF at the same level as (b). The arrow in (c) and circle in (d)
mark the peripherally contrast enhancing lesion of the right distal sesamoidean impar ligament, which is not seen on the precontrast
image (b). Images (a), (b) and (c) are displayed in a soft tissue Window/Level (W320/L30). Image (d) is displayed in a bone Window/Level
(W2100/L30).
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Lesions of the DDFT are a well recognised cause of foot
lameness in the horse, with the area just proximal to the
navicular bone being most commonly affected region (Dyson
et al. 2003). Histopathology of this area has shown that there
are frequently moderate to severe structural differences of the
dorsal 20–30% of the DDFT in comparison to more palmar
sections in lame horses when compared to age matched
sound horses (Blunden et al. 2006b). This same study, however,
showed that the dorsal area of the DDFT showed moderate
abnormalities in a small number of horses that had no history of
lameness. Because histopathology in both lame and sound
horses lacked evidence of inflammation, authors postulated
that the DDFT changes were degenerative. Tendonitis of the
DDFT in the distal limb is associated with a poor prognosis for
return to athletic function with 53–78% of horses showing
persistent lameness despite treatment (Dyson et al. 2005;
Gutierrez-Nibeyro et al. 2010). Concurrent lesions of the
navicular bone or navicular bursa further decreases prognosis.
Computed tomography of the left front foot in this horse
showed a large lesion of the DDFT with a suspected adhesion
of the DDFT to the navicular bursa that did not result in a
clinical lameness. Although the left front foot was treated with
ESWT therapy, the CT lesion was considered an incidental
finding because of the lack of clinical signs. Extracorporeal
shockwave therapy was initiated to treat the right forelimb
lesions and treatment of the left front foot was included as a
precautionary measure.

The use of shockwave for treatment of tendonitis and
desmitis in equine practice has yielded variable results.
Extracorporeal shockwave therapy has been recommended
as an adjunct therapy for navicular syndrome (Waguespack
and Hanson 2011). When used as a primary therapy for palmar
heel pain, it has been shown to improve lameness in 56% of
horses when horses were assessed by blinded evaluators
(McClure et al. 2004). In this case, right front digital flexor
tenoscopy, intralesional injection with platelet rich plasma or
stem cells and ESWT were offered as treatment alternatives.
The client opted for ESWT due to its noninvasive nature.

The absence of left front lameness in this horse is difficult to
explain. Historically, a lameness was present on that limb, but
the original lameness was not localised with perineural
anaesthesia. Seven months ensued between detection of the
original lameness and assessment at the referral hospital.
Potentially, the left DDFT lesion was more chronic than its right
front counterpart and adhesion to the navicular bursa had
stabilised the lesion in a nonpainful position. As a means of
assessing chronicity, contrast enhancement of the left forelimb
would have been useful to compare the degree of
vascularisation to that seen in the right front DDFT lesions. It is
also possible that at the time of referral assessment, the left
forelimb had lameness below the level of clinical detection.
Use of a body-mounted inertial sensor based lameness locator
system may have been beneficial in detecting a subtle
lameness not visible to the naked eye (Keegan et al. 2013).

This report highlights the usefulness of CT and CECT in
diagnosing soft tissue lesions in the equine distal limb. In
particular, DDFT lesions proximal to the navicular bone are
easily recognised and venous contrast enhancement can be
useful in determining the degree of vascularisation present.
This report also proves that notable soft tissue abnormalities on
CT may not be correlated with lameness. The appearance of
DDFT lesions on CT not correlated with active lameness have
not been previously reported to the knowledge of these

authors. The findings in this case study emphasise the
importance of interpreting medical imaging findings within the
context of clinical findings.
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Congenital bilateral aplasia of the metacarpophalangeal joints in
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Summary
A 2-day-old Warmblood filly was presented for examination
of an angular limb deformity of the left front limb and an
upright conformation of both metacarpophalangeal joints.
Radiological examination revealed bilateral absence of the
metacarpophalangeal joint space with fusion of the third
metacarpal bone and first phalanx (synostosis). No treatment
was undertaken. The filly was readmitted to the clinic 10 weeks
later for bilateral front limb lameness. On radiological
examination, the synostosis of the front metacarpophalangeal
joints was still present. Physitis of the distal growth plate of the
right third metacarpal bone and proximal growth plate of
the right proximal phalanx, and an avulsion fracture of the
palmaromedial and proximal aspect of the left middle
phalanx, with a cystic like lesion on the medial aspect of distal
first phalanx and proximal middle phalanx were diagnosed.
Given the poor prognosis, the foal was subjected to
euthanasia. Post mortem examination confirmed the absence
of the metacarpophalangeal joint space with a trabecular
bony union between the third metacarpal bone and the first
phalanx. A rudimentary joint capsule was present at the level
of the absent joints as well as a small zone of articular
cartilage, which invaginated over a short distance into the
dorsal trabecular bone on the right front limb. On the medial
aspect of the left proximal interphalangeal joint, a focal defect
of articular cartilage with exposure of subchondral bone was
observed. This is the first case report of a foal born with
congenital aplasia of both metacarpophalangeal joints.
Congenital malformations should be considered as differential
diagnosis in lame foals or foals born with angular or flexural
limb deformities.

Introduction
Congenital skeletal malformations occur occasionally in horses
and can affect a variety of anatomical sites. The most
commonly reported anomalies of the distal limbs are
polydactyly, adactyly, or aplastic or hypoplastic malformations
of the structures in the digit (Smith et al. 1986; Modransky et al.
1987; Jimenez et al. 1994; Chan and Munroe 1996, Chan
et al. 1996; Rosenstein et al. 2000; Carstanjen et al. 2007).
We report a case of bilateral congenital aplasia of the
metacarpophalangeal joints with resulting synostosis between
the third metacarpal bone (McIII) and the proximal phalanx
(P1) in a 2-day-old Warmblood filly.

Case history
A 2-day-old Warmblood filly was presented to the Veterinary
Clinic of Ghent University for examination of stiffness of both

front limbs and an angular limb deformity of the left front limb.
The foal had received 2 i.v. treatments with infusion of 3 g
oxytetracycline, immediately after birth and just before
presentation to the clinic but no improvement was observed.
Gestation and parturition were reported as uneventful.

Initial presentation
At clinical examination, an upright position of both front
metacarpophalangeal joints was observed. A moderate
valgus deformity with external rotation distal to the fetlock joint
was present in the left front limb. Manual flexion or extension of
both metacarpophalangeal joints was impossible but no
abnormalities were detected on manipulation of the
interphalangeal joints or carpus. At walk and at trot, lameness
was absent but there was some stiffness with lack of extension
of the front fetlock joints. No other physical abnormalities were
detected.

Lateromedial and dorsopalmar radiographs of both front
limbs were obtained. No articular space at the level of the
metacarpophalangeal joints could be detected (Figs 1a and
2a). Only the distal growth plate of the McIII and the proximal
growth plate of P1 were visible. On the lateromedial
radiographic view of the right front limb, a depression of bone
at the dorsal aspect of the absent joint space was observed
(Fig 1a). The 2 proximal sesamoid bones in both front limbs
were small. Furthermore, on the dorsopalmar view of the
left front limb, an 8° valgus deviation between the proximal
and the middle phalanx (P2) with an external rotation of
the distal phalanx (P3) was observed. On the same limb, the
distal aspect of both splint bones (McII and McIV) were
deviated dorsally (Fig 2a). Bilateral aplasia of the front
metacarpophalangeal joints with synostosis of the McIII and P1
bones was diagnosed as the main abnormality. Although a
poor prognosis for improvement and for a future athletic
career was given, the owner decided to take the foal home
and follow her progression.

Second presentation
Ten weeks later, the filly was readmitted to the clinic for
lameness investigation. Her general condition was good but
dynamic examination now showed a left front limb lameness
at walk (1/5 according to the American Association of Equine
Practitioners grading scale) and bilateral front limb lameness
at trot, more pronounced on the left (2/5 right front; 3/5 left
front). The valgus deviation of the left front limb and the
absence of motion at the metacarpophalangeal joints
remained unchanged.
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Follow-up radiographs of both front limbs were obtained
(Figs 1b, 2b and c) and compared with the previous
radiological examination (Figs 1a and 2a). No major changes
were observed at the level of the fetlock synostosis. However,
on the right front limb, a pronounced physitis was observed
with focal thickening and irregularity of the distal growth plate
of McIII and the proximal growth plate of P1 (Fig 1b). On the
left front limb, a bone fragment was detected at the
palmaromedial and proximal aspect of P2 on the lateromedial
radiographs (Fig 2b). On the dorsopalmar projection, a bone
irregularity with decreased radiodensity was observed on the
medial and distal aspect of P1 and proximal aspect of P2
(Fig 2c).

Due to the deterioration of the clinical signs and the poor
prognosis, the foal was subjected to euthanasia and necropsy.

Post mortem examination
On midsagittal section of both front limbs, a number of
abnormalities were observed. The metacarpophalangeal joint
space was absent and the McIII and P1 bones were
connected with trabecular bone axially and cortical bone
abaxially (synostosis; Figs 1c and 2e). Two growth plates were
present proximal and distal to the synostosis. The proximal
growth plate corresponded to the distal epiphysis of the McIII
(Fig 1e) and the distal growth plate corresponded to the
proximal epiphysis of P1. The growth plates were 2.5 cm apart

on the left front limb and 3 cm on the right front limb. Clear
signs of physitis were visible on the distal McIII and proximal P1
growth plates of the right front limb. Histological examination
of this zone revealed focal retention of physeal cartilage at this
level (Fig 1d). In both limbs, the joint capsule was rudimentary
or almost absent on the dorsal aspect of the synostosis but a
synovial space had developed palmarly, between the
synostosis and the small proximal sesamoid bones (Figs 1c and
2e). On the dorsal and palmar aspects of both front limbs, the
cortical bone was replaced by a thick band of cartilage at the
level of the absent joints. On the right front limb, 2 cm distal to
the dorsal aspect of the distal epiphysis of the McIII, this
cartilage invaginated into the trabecular bone over a
distance of 1.3 cm approximately, forming a rudimentary joint
space. The invaginated cartilage zones corresponded to the
articular cartilage of the McIII and P1 and consisted
histologically of flattened chondrocytes spread in a chondroid
matrix (Fig 1f). On the palmar side of the synostosis of both front
limbs no invagination of cartilage in the trabecular bone was
observed. No other cartilage zones were observed on the
trabecular bone.

Dissection of the left proximal interphalangeal joint
revealed a focal defect of articular cartilage with exposure of
subchondral bone covered with irregular fibrocartilagenous
tissue on the medial aspect of both P1 and P2 (Fig 2d). This
zone corresponded to the lesions previously observed on
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Fig 1: Right front limb. Lateromedial digital radiographic images at first (a) and second (b) presentation. Midsagittal section (c) and
photomicrographs of histological sections stained with haematoxylin and eosin of the distal growth plate of the third metacarpal bone
(McIII) (d and e) and the invagination of articular cartilage (f). Absence of joint space between the McIII and proximal phalanx (P1; a,
b and c). The distal growth plate of McIII (white arrow) and the proximal growth plate of P1 (red arrow) are present. Depression of bone
on the dorsal aspect of the absent joint space (open arrow head). Irregular physis and marked thickening of the dorsal cortex of the distal
growth plate of McIII and proximal growth plate of P1 (b, c and d). Union of MtIII and P1 with trabecular bone axially and cortical bone
abaxially. Focal retention of physeal cartilage at the dorsal aspect of the distal growth plate of McIII (d). Synovial space on the palmar
aspect of the synostosis (asterisk). Cartilage invagination on the dorsal aspect of the synostosis (indicated with the metallic forceps) (c and
f). TB = trabecular bone; GP = growth plate; AC = articular cartilage.
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radiographs, which were erroneously identified as a bone
fragment.

Hindlimbs were normally developed. No other
abnormalities were observed.

Discussion
Congenital skeletal malformations result from a defective
mesodermal proliferation early in embryogenesis (Van der
Putte and Neetson 1983; Bertone and Aanes 1984; Unt and
Piercy 2009). Although the exact aetiology for these
congenital defects is not yet known, heritable, toxic, nutritional
and infectious agents have been implicated in calves
(Whitlock et al. 2008; Gulbahar et al. 2009). The present case
report describes a foal with bilateral aplasia of the
metacarpophalangeal joints. The development of joints during
the process of embryogenesis is a complex process regulated
by several proteins whose role strongly depends on the age of
the target cells. It has been shown that 2 main bone
morphogenetic proteins (BMP2 and GDF5) are expressed in
the already formed long bones, in the area where the joints
will form (Macias et al. 1997; Brunet et al. 1998; Gilbert 2010).
These proteins, when triggered at the right moment, will cause
the limb bud cells to form cartilage. Further, muscle
contraction and bone movement will stimulate chondrocytes
to form articular cartilage and synovium as well as the
associated articular ligaments (Pacifici et al. 2005;
Koyama et al. 2008; Gilbert 2010). It is difficult to know at

which point of embryogenesis the development of the
metacarpophalangeal joints was interrupted in this foal.
However, during gross anatomical dissection and histological
examination, it could be observed that the formation of
articular cartilage from the bud cells in the thoracic limbs had
started and had developed partially. The mother of the filly
described in the present case report had already given birth to
3 other normal and healthy foals previously. She had not been
exposed to medications other than routine vaccinations and
anthelmintics during pregnancy and no dystocia was
described during parturition. No further genetic investigations
or tests were performed. To our knowledge and with the
information given by the owner, the aetiology of this condition
remains still unknown.

Depending on the structures affected, congenital skeletal
anomalies can be either life threatening, can affect the
function or performance of the animals, or can sometimes
remain clinically silent. An example of the last situation is the
case described by Rosenstein et al. (2000), where a congenital
bony ankylosis at the level of the distal interphalangeal joints
was only diagnosed in a horse at the age of 2 years. From the
different equine congenital phalangeal malformations that
have been described, polydactyly is the most frequently
reported (Evans et al. 1965; Leipold and MacDonald 1971;
McGavin and Leipold 1975; Carstanjen et al. 2007; Sepúlveda
et al. 2011). However, agenesis or hypoplasia of the distal
phalanges and/or navicular bone has also been described

a) b) c) e)

d)
Lat

Med

*

Fig 2: Left front limb. Lateromedial digital radiographic images at first (a) and second (b) presentation. Dorsopalmar digital radiographic
image at second presentation (c). Midsagittal section (e) and gross anatomical dissection of the proximal interphalangeal joint (d).
Absence of joint space between the third metacarpal bone (McIII) and proximal phalanx (P1; a, b and e). The distal growth plate of McIII
(white arrow) and the proximal growth plate of P1 (red arrow) are present. Dorsal deviation of the distal aspect of both splint bones (green
arrow). Avulsion fracture at the palmaromedial and proximal aspect of the middle phalanx (P2) (red circle) (b). Bone irregularity on the
medial and distal aspect of the proximal phalanx (P1) and proximal aspect of P2 (blue circle) (c). Union of MtIII and P1 with trabecular
bone axially and cortical bone abaxially. Synovial space on the palmar aspect of the synostosis (asterisk). Focal defect of articular
cartilage and exposed subchondral bone covered with irregular fibrocartilagenous tissue (d). Med = medial; Lat = lateral.
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(Leipold and MacDonald 1971; Taylor and Morris 1983; Bertone
and Aanes 1984; Smith et al. 1986; Modransky et al. 1987;
Jimenez et al. 1994; Chan and Munroe 1996; Chan et al. 1996).
To the best of our knowledge, only one case of congenital joint
ankylosis has been reported in horses (Rosenstein et al. 2000)
and no other cases of joint agenesis, especially of both
metacarpophalangeal joints, have been documented until
now. Although the abnormalities observed in our foal were
similar to those reported by Rosenstein et al. (2000), it was
preferred to describe the present congenital malformation as
a joint aplasia (defective development or the complete
congenital absence of an organ or tissue due to failure of
development during embryogenesis) rather than joint
agenesis (complete absence of an organ and its associated
primordium) or joint ankylosis (abnormal immobility and
consolidation of a joint by union of the bones). We do indeed
believe that no real joint had ever been formed in our foal,
although signs of a primordium were present (e.g. the articular
cartilage at the level of the absent joints or the small cartilage
invagination on the dorsal aspect of the synostosis of the right
front limb) (Blood and Studdert 1988; Jones et al. 1997).
Synostosis (the union by bony material of adjacent bones,
which are usually separate) seemed more appropriated to
describe the union between the McIII and P1 (Boden 2001).

Although several congenital malformations can often be
observed in the same individual, this was not the case in our
foal, where the synostosis was the only primary anomaly
detected. Even if the majority of reported abnormalities of the
equine digit are often associated with abnormal hoof
conformations, our foal had 4 normal hoofs with only a mild
lateromedial disbalance of the left front hoof, probably due to
the valgus deformity. The bilateral lameness of the front limbs,
which was evident at the second presentation, resulted from
the development of secondary lesions: distal McIII and
proximal P1 physitis in the right front limb and mainly a
cartilage and subchondral bone lesion in the left proximal
interphalangeal joint. These lesions probably developed
because of the abnormal loading as a result of the lack of
normal motion at the level of the metacarpophalangeal joint.
Although the reported congenital defect was in theory not life
threatening for this foal, she was finally subjected to
euthanasia because of the marked lameness resulting from
the secondary complications, the inability to restore the
primary abnormality and the subsequent poor prognosis to
keep the animal long term for any athletic activity. Although
the filly could possibly have been used as a broodmare, the
underlying hereditability of the condition is unclear and this
option was therefore also declined.

Conclusion
This article reports the first case of bilateral congenital aplasia
of the metacarpophalangeal joints observed in a foal.
Although skeletal congenital malformations are not frequently
observed in horses, they should be taken into account during
examination of lame foals or foals born with angular or flexural
limb deformities.
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Summary
Despite recent developments in advanced imaging,
radiography remains the most commonly employed imaging
modality for investigating apical infection of cheek teeth in
horses. Radiographic technique, knowledge of the normal
anatomy and horse compliance are paramount for acquiring
good quality dental radiographs. Interpretation of subtle
pathology can be difficult for even the most experienced
radiologist; however, in more chronic cases, identification of
dental abnormalities is easier.

Introduction

Imaging remains the most important diagnostic tool for
investigation of equine dental disorders particularly for the
dental apices and associated structures not visualised by oral
examination or endoscopy. Radiography still remains the most
common diagnostic imaging technique for most equine
practitioners, although gamma scintigraphy (Barakzai 2005a)
and standing computed tomography are widely available in
UK referral institutes. Interpretation of dental radiographs is
often challenging in many cases due to unfamiliarity and the
complex 3-dimensional anatomy of the equine skull. When
obtaining good quality radiographs of equine cheek teeth
knowledge of the anatomy and radiographic technique is of
utmost importance. Unless performed regularly equine head
radiography can seem daunting even with the best assistance
and patient cooperation. Revision of anatomy and standard
radiographic projections prior to obtaining radiographs will be
beneficial for a successful outcome. The challenging task of
reading images can be vastly aided by learning to recognise
common radiographic patterns of dental pathology.

Radiographic technique
Digital radiography (computed radiography [CR] and direct
radiography) is now the most commonly available modality
for obtaining radiographs in equine practice and has led to
an improvement of radiograph quality and increased the
safety of personnel involved due to fewer repeat exposures
and reduced study acquisition time. Modern digital portable
units are often sufficient for acquiring good radiographs,
although a mounted stand can be useful to reduce
movement blur. Radiation safety is essential and all persons
involved should wear lead aprons and the plate holder
should wear both lead gloves and use a cassette holder with
a long handle. The plate holder should be careful to minimise
movement blur.

Accurate head positioning is vital and chemical restraint,
in the form of sedation, aids patient cooperation and limits

the number of repeat exposures due to movement.
Regardless of the practice set up, the use of a headstand
should be part of the routine for obtaining good quality head
radiographs. A purpose built headstand is ideal, although a
padded tall stool or similar will also be sufficient providing the
horse’s muzzle rests safely and securely. The normal head
collar should be changed for a rope head collar once the
horse is adequately sedated, as this will avoid metal
artefacts. The use of a grid should be avoided for standing
radiography as the amount of scatter is often low and its use
increases radiation exposure to personnel.

Radiographic projections
Projections will vary depending on the area of interest (see
Table 1). When investigating suspected maxillary cheek tooth
apical infection and concurrent sinusitis standard
radiographic views should include lateral, lateral oblique
(latero30°dorsal-lateroventral) and dorsoventral projections.
The contralateral oblique projection (latero30°dorsal-
lateroventral) may be taken for comparison. For suspected
mandibular cheek tooth apical infections a lateral oblique
projection (latero35–45°ventral-laterodorsal oblique) should
be sufficient, although the contralateral mandibular oblique
projection may also be taken for comparison. A radiopaque
marker placed over the point of maximum swelling or
metallic probe placed into a draining tract can provide
useful information. Correct labelling is important in order both
to interpret the radiographic findings accurately and
maintain complete hospital records. When using digital
radiography, a radiographic marker should still be placed on
the plate to avoid confusion when taking multiple views. A
neater digital marker can still be added when editing the
view after obtaining the views. The lateral and lateral oblique
views should be labelled with the side next to the plate.

Lateral projection for investigating the paranasal
sinuses
Once adequately sedated and with the head securely
resting on a stool, the horse should be positioned with the
affected side next to the plate. The plate and plate holder
should be positioned vertically, parallel to the long axis of the
head and as close to the horse’s head as is achievable. The
primary beam should be horizontal and perpendicular to the
long axis of the horse’s head and, if possible, the light beam
diaphragm should be rotated to align better with the horse’s
elongated skull. Collimation of the primary beam will help
reduce scatter and the beam should be centred just dorsal
to the rostral aspect of the facial crest. In order to include all
maxillary cheek teeth and paranasal sinuses, collimation
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should include the caudal aspect of the incisor-cheek tooth
interdental space rostrally, the eye caudally and the dorsal
aspect of the skull dorsally (Fig 1).

The lateral view is helpful to visualise the presence of fluid
lines (Fig 2) or soft tissue opacities within the paranasal
sinuses. There is no distortion of anatomy on the lateral
projection, however, the main disadvantage is
superimposition of both sides hence any lesion cannot be
accurately localised to a specific side. Cheek teeth apices
cannot be evaluated accurately due to their superimposition
of the left and right cheek tooth rows onto each other.

Latero30°dorsal-lateroventral oblique for highlighting
the apical portions of maxillary cheek teeth
The horse should be positioned with the affected side next to
the plate, with the plate holder in a vertical plane and close
to the horse’s head. The beam should be angled 30° from
the dorsal plane, which is parallel to the hard palate and
centred on the rostral aspect of the facial crest (Fig 3). Again
the primary beam should be collimated to reduce scatter
and the entire maxillary cheek tooth row and paranasal
sinuses should be included. Care should be taken to avoid
inadvertent rostrocaudal angulation as this distorts cheek
teeth apices making them difficult to interpret.

The latero30°dorsal-lateroventral oblique view avoids
superimposition of the maxillary cheek teeth by separating
the left and right sides. The apices of maxillary cheek teeth
are best viewed with this projection and lesions in the sinuses
can be assigned to a particular side if not clinically apparent
already. When imaging the radiodense dental apices a
higher exposure is required compared to the more
radiolucent sinuses (although this is less of an issue with CR
and direct radiography systems compared to film
radiography). Inaccurate beam angulation (due to the
oblique position of the horse’s head) can easily result in
rostrocaudal angulation, which distorts the appearance of
the dental apices. Ensuring that the x-ray machine is
perpendicular to the horse and rotation of the light beam
diaphragm to be parallel to the long axis of the head often
helps solve this problem. In the oblique views fluid lines within
the sinuses are often not apparent and are instead replaced
by poorly defined soft tissue opacity. Some paranasal sinuses
are also superimposed in this view making it difficult to assign
abnormalities to a particular sinus.

TABLE 1: A list and uses of radiographic projections of the head

Projection Use

Latero-lateral Evaluation of sinus disease
Latero30°dorsal-lateroventral oblique Evaluation of the maxillary cheek teeth apices. Use of markers

can help localise disease
Dorsoventral Evaluation of nasal cavity and ventral conchal sinus
Latero35–45°ventral-laterodorsal oblique Evaluation of mandibular check teeth. Use of markers and probes can

help localise disease
Open-mouthed oblique projections
(latero10°dorso-lateroventral + laterol5°ventro-laterodorsal)

Evaluation of clinical crown. Evaluation of infundibulae

Intra-oral projections Evaluation of apical disease and lesions of the clinical crown.
Evaluation of the alveolar crest between teeth

Fig 1: Schematic figure and sample radiograph of a latero-lateral projection.

LEFT

Fig 2: Sample lateral radiograph with fluid lines in the dorsal
conchal sinus (solid white arrow), rostralmaxillary sinus (short dashed
arrow) andcaudalmaxillary sinus (longdasheddouble arrow).
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Dorsoventral projection for evaluation of the nasal
cavity and ventral conchal sinus
Compared to the lateral or lateral oblique views already
discussed, this view requires increased exposure due to the
increased bone mass that is penetrated by the primary
beam. The primary beam is directed perpendicular to the
dorsal plane of the skull and the cassette is placed on the
ventral aspect of the hemimandibles as far caudally as
possible. The primary beam should be centred on the midline
between the most rostral aspect of the facial crests and
collimation should include lateral aspects of the skull, the
caudal aspect of the bony orbit and rostrally, the
physiological incisor-cheek tooth interdental space. Care
should be taken to avoid obliquity, as even a small degree
will obscure one nasal cavity, ventral conchal sinus, and
maxillary cheek teeth row due to the narrow intermandibular
space. To evaluate structures further caudally in the head
(the hyoid apparatus and temporohyoid articulations), this
projection may be taken as a ventrodorsal, with the plate
placed along the dorsal aspect of the head and the primary
beam directed dorsally from below the head.

This projection is used to evaluate the nasal cavities, nasal
septum, maxillary sinuses, sphenopalatine sinuses and the

ventral conchal sinuses (Fig 4), although the maxillary and
sphenopalatine sinuses are superimposed with other
structures. Displaced mandibular cheek teeth or sagittal
cheek tooth fractures should be visible if not already
detected on oral examination. Maxillary or mandibular
fractures, distortion of the maxilla secondary to apical
infection of the two most rostral maxillary cheek teeth or
intrasinus masses will be visible in this projection.

A dorsoventral projection with off-set mandible has been
suggested for demonstrating subtle alveolar disease and
maxillary sinusitis by better evaluation of the medial aspect of
one row of maxillary cheek teeth and the adjacent nasal
cavity and ventral conchal sinus. The view is positioned as for
a standard dorsoventral projection but with the assistant
pulling on a rope placed around the mandible and maxilla
within the interdental space.

Latero35–45°ventral-laterodorsal oblique for
highlighting the apical portions of mandibular cheek
teeth
As with other views, the horse should be positioned with the
affected side next to the plate, with the plate holder close to
the horse and in a vertical plane. The angle of the primary
beam should be 35–45°lateroventral-laterodorsal from the
dorsal plane, which is parallel to the hard palate, and
centred to the area of interest, which is often a mandibular
swelling. The primary beam should as before be collimated to
reduce scatter and should contain the ventral mandibular
cortex and the entire row of cheek teeth. When a draining
tract is present, a second radiograph with a malleable probe
in place is useful, as this often will contact the apical region
of the diseased cheek tooth.

This view is often the most useful when investigating
mandibular cheek teeth due to avoidance of superimposition
of the contralateral hemimandible. A higher exposure is also
needed in this projection for the three most caudal mandibular
cheek teeth to penetrate the well-developed overlying
masseter muscle (Fig 5). A steeper angle is also required to
image the caudal cheek tooth apices as they are positioned
more dorsally in the mandible. The same holds true when
imaging aged horses with short reserve crowns. Inadvertent
rostrocaudal angulation is common as in the latero30°dorsal-
lateroventral projection for the maxilla and care should be
taken to avoid this problem as it distorts the apices. Apical
artefacts can also occur when using a larger than needed

Fig 3: Schematic and sample radiograph of a lateral 30�dorsal-lateroventral oblique radiograph. In the radiograph there is a degree of
rostro-caudal obliquity but all cheek teeth apices appear normal. For this radiograph to be diagnostic all 6 cheek teeth should be on
the one plate with minimal rostro-caudal obliquity.

RIGHT

c

d

b

a

R

Fig 4: Sample radiographs of a dorsoventral projection. In the left
radiograph the stylohyoid (a), mandibular ramus (b), nasal
septum (c) and maxillary sinus septum (d) are annotated. In the
right radiograph distension of the ventral conchal sinus is marked
(solid white arrows).
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oblique angle and hence the minimum dorsoventral angle
that separates the two hemimandibles should be used.

Open mouthed oblique projections (Barakzai 2005b)
for highlighting the coronal (clinical crown) aspect of
cheek teeth
For this view, a Butler’s gag, short length of hollow PVC tubing
or a wooden block can be used to separate the incisors and
the occlusal surfaces of the cheek teeth. In all open mouth
projections the plate should be positioned vertically on the
affected side and the primary beam should be positioned
angling latero10°dorso-lateroventral for mandibular cheek
teeth and latero15°ventro-laterodorsal for maxillary cheek
teeth (Fig 6). This projection can highlight lesions on the
clinical crown better than other radiographic views such as
diastemata, abnormalities of eruption/wear, infundibular
disease and coronal fracture.

Intraoral oblique projections for examination of
maxillary and mandibular cheek teeth
These projections require a flexible CR film in a protective
envelope and a suitable processor and can be time
consuming to obtain. For maxillary cheek teeth the film is
placed parallel to the hard palate and the primary beam

angled ventrolaterally at 45–60°. For mandibular cheek teeth
the film is placed between the tongue and the lingual
aspect of the mandibular cheek teeth. The advantage with
this view is lack of superimposition of contralateral side of skull
and it also images the interdental bone and alveolar crest
region in good detail (Fig 7). In young mandibular teeth it
can be difficult to image the entire reserve crown without
significant lengthening artefact.

Normal radiographic anatomy
The main components of equine cheek teeth – enamel,
dentine and cementum – along with the surrounding bone
are among the most radiopaque structures in the body with
enamel (most dense) appearing more radiopaque than
bone and dentine and cementum having a similar
radiopacity to bone. The reserve crown of the cheek teeth is
anchored into the alveolus by the periodontal ligament that
appears as a thin radiolucent area between the cheek teeth
and the dense cortical bone plate within the alveolus known
as the lamina dura (LD: Fig 8).

The normal appearance of equine cheek teeth varies
considerably with age, with younger teeth containing less
dentine than older teeth and thus appearing more
radiolucent. As the permanent cheek tooth begins to

a) b)

Fig 5: Latero45�ventral-laterodorsal oblique radiographs of a 6-year-old Welsh Section A pony which presented with a swelling and
draining tract to the horizontal ramus of the left mandible. In radiograph (a), a metallic marker has been placed over the swelling and
in radiograph (b) a malleable probe has been placed into the tract. In both radiographs there is marked dysplasia of the 309 apex
(solid white arrow) and moderate clubbing and halo formation (dashed white arrows) around the rostral apex of 310. Insertion of the
probe shows the tract to connect with the infected 310.

Fig 6: Schematic of the open mouth oblique radiographic technique and a sample latero15�ventrolaterodorsal radiograph. In the
sample radiograph it can be noted that tooth 109 had previously been removed and there has been drift of the teeth en-bloc from
either side to close the extraction space.
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develop, it radiographically appears as a rounded
radiolucent structure with vertical radiopaque striations
corresponding to the developing enamel folds. The tooth
elongates with the apical aspect remaining rounded with a
widened periodontal space and apparent lack of LD. The
apical aspect is known as an ‘eruption cyst’. In horses aged
2–4 years with long reserve crowns, these ‘eruption cysts’ may
distort the ventral contour of the mandible or dorsal aspect
of the maxilla, causing eruption bumps. As the horse ages
and the cheek teeth erupt, these convex areas flatten out
and the apical appearance of the tooth begins to change
to develop true pointed roots (Fig 8). In younger horses there
is often a contrast in the radiographical apical appearance
of the cheek teeth particularly the 08s and the 09s due to the
eruption sequence of the permanent dentition.

Three deciduous cheek teeth (06s, 07s and 08s) are
present at birth in each quadrant with the first permanent
cheek tooth erupting at age one year (09). The 10s and 11s

erupt around 2 years and 3.5 years, respectively, with the
deciduous cheek teeth being replaced around 2.5 years
(06s), 3 years (07s) and 4 years (08s). This eruption sequence
explains the differing heights of the reserve crown in the
mature horse, particularly as the oldest tooth (09) is adjacent
to the youngest tooth (08). The anatomical relationship of the
caudal maxillary cheek teeth (08–11s) to the paranasal
sinuses is age dependent, with the cheek teeth drifting
rostrally with increasing age, meaning the nasomaxillary
aperture (sinus drainage angle) is level with the 09/10
interdental space in animals younger than 15 years, whereas
it is adjacent to the 10/11 interdental space in animals older
than 15 years (Brinkschulte et al. 2014).

Radiological interpretation and diagnosis
Knowledge of the normal anatomy and diagnostic images
are a prerequisite for radiographic interpretation, which can
be put together with the clinical signs to give a diagnosis.
Whilst the most common indication for dental radiography is
for the diagnosis of apical infection, other indications include
severe periodontal disease, polydontia, anodontia, dysplasia
(Fig 5) and neoplastic or neoplastic-like lesions involving the
teeth.

The sensitivity and specificity of radiography for diagnosis
of cheek tooth apical infection has been investigated in
several studies (Weller et al. 2001; Barakzai 2005a; Casey
et al. 2009; Townsend et al. 2011). Conventional film
radiography has been shown to have sensitivity of 52–69%
with specificity of 70–95% (Weller et al. 2001; Barakzai 2005a)
whereas CR appears to have an improved sensitivity of 76–
80% and similar specificity of 80–90% (Casey et al. 2009;
Townsend et al. 2011). This improvement in sensitivity is
probably due to the greater dynamic range and improved
contrast resolution, which can accentuate differences in
opacity between tissue types (Armbrust 2007). These values
are likely to be greater in a clinical setting where more
information such as clinical examination findings and results
of ancillary tests are likely to be available (Weller et al.
2001).

A recent study looked at the sensitivity and specificity of
specific radiographic signs in the diagnosis of cheek tooth
apical infection (Townsend et al. 2011). This study identified
that radiographic signs present in the early stages of apical
infection such as loss of LD were less reliable as, although this
radiographic sign was highly sensitive for picking up apical
infections, it was poorly specific, leading to a high number of
false positive diagnoses, which is not desirable in the clinical
situation (Townsend et al. 2011). Loss of LD has also been
shown to be an unreliable sign in computed tomographic
diagnosis of apical infection (B€uhler et al. 2014). Advanced
signs of cheek tooth apical infection may occur if infection
has been present for many weeks, and the apex may
develop lytic changes that manifest as periapical radiolucent
halos (Fig 9) or clubbed appearance of the tooth roots
(Fig 9; Gibbs and Lane 1987). Increased radiopacity or
sclerosis (Fig 10) of the bone supporting the tooth is often also
noted in more chronic cases (Gibbs and Lane 1987). Other
more advanced signs of apical infection include abnormal
apical deposition of cementum (Gibbs and Lane 1987) and
dystrophic calcification of the nasal conchae in chronic
maxillary cheek tooth infections (Gibbs and Lane 1987;
Tremaine and Dixon 2001). Many of these radiographic signs
(Table 2) had low sensitivities but high specificities, which

Fig 7: Open mouth intra-oral oblique projection of the
mandibular teeth of an aged horse. Note the clubbed
appearance of the apices and the detail of the alveolar crest
between teeth. As this radiograph is taken with the mouth and
the film placed intra-orally it can be difficult to collimate
accurately leading to areas of film exposure not over dental
structures (Radiograph courtesy iM3 Dentala1).

a) b)

Fig 8: Age related appearance of maxillary teeth. Tooth (a) is
from a 5-year-old horse where the apical regions are still bulbous
and radiolucent. Tooth (b) is from a 14-year-old horse where both
apices are now clearly demarcated and pointed. The solid white
arrow highlights the thin radiolucent periodontal ligament and the
dashed white arrows highlight the radiopaque dense cortical
bone of the alveolar socket known as the lamina dura.
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would generate few false positives (Townsend et al. 2011) but
many false negatives. A multivariable model revealed
moderate/extensive periapical sclerosis along with mild and
moderate/extensive periapical halo formation to be most
significantly associated with apical infection (Townsend et al.
2011).

There is conflicting evidence in the literature as to
whether detection of apical infection of the rostral 2 or 3
cheek teeth is more readily identified than of the caudal
cheek teeth (Wyn-Jones 1985; Gibbs and Lane 1987; Dixon
et al. 2000; Tremaine and Dixon 2001; Casey et al. 2009;

Townsend et al. 2011). It is likely that these differences result
from variations in the chronicity of individual cases and study
design.

Radiography is limited in its ability to image the internal
structure of a tooth, particularly the pulp and infundibulum.
Given the moderate sensitivity and specificity for detection of
apical infection, there will be cases that will have equivocal
radiographic findings. In cases with facial swellings, repeat
radiography after 2–3 weeks may help detection of the
affected tooth as the changes may become more
advanced. In cases with concurrent sinusitis, flushing of the
affected sinuses and repeat radiography may make
determining an underlying dental problem easier.
Alternatively, these cases may be referred for nuclear
scintigraphy or computed tomography. Nuclear scintigraphy
is an extremely sensitive and specific imaging modality for
detection of apical infection (Weller et al. 2001; Barakzai
2005a) whereas computed tomography provides superior
anatomical detail of the paranasal sinuses and dental
structures.

Conclusion

A complete diagnostic image set coupled with knowledge of
the normal cheek tooth anatomy are both prerequisites for
making a diagnosis of apical cheek tooth infection. Mild
radiographic changes are common and are less likely to be
associated with cheek tooth apical infection. Radiographic
signs most commonly associated with cheek tooth apical
infection are periapical sclerosis, periapical halo formation

Fig 10: A lateral 30� dorsal-lateroventral oblique radiograph
showing marked periapical sclerosis (red arrows) around a
maxillary 08. There is also marked lucency around the apical
region with evidence of reserve crown fragmentation.

TABLE 2: Reliability of individual radiographic signs used for the diagnosis of CT apical infection

Reliable radiographic signs
Moderately reliable
radiographic signs

Poorly reliable
radiographic signs

Periapical sclerosis
Periapical halo formation
Clubbing of apices

Periodontal ligament widening
Maxillary/mandibular osteitis
Lucency of reserve crown
Cementum deposition/cementoma
Reserve crown fragmentation

Loss of lamina dura
Dysplastic tooth

a) b)

Fig 9: Radiograph (a) shows a latero30�dorsal-lateroventral oblique radiograph with a marker in place over a left sided facial swelling.
There is marked radiolucency (periapical halo) over the caudal root of tooth 207. Radiograph (b) shows a latero30�dorsal-lateroventral
oblique radiograph showing marked blunting of both apices of tooth 208.
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and clubbing/blunting of the cheek tooth apices. Cases with
equivocal radiographic signs may be treated conservatively
and re-radiographed after 2–3 weeks or referred for
advanced imaging.
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Summary
A complete, thorough ophthalmic examination is essential in
the clinical approach to equine ocular diseases. In the
majority of cases and more than in most systems, an
ophthalmic diagnosis can be achieved at the time of
examination because most ocular structures can be
visualised either directly or indirectly. This article describes
examination protocol and the techniques, instruments and
diagnostic procedures currently available to equine general
practitioners.

Introduction

Equine ocular examination should proceed in a logical and
systematic manner. It includes obtaining signalment and a
thorough history, inspecting the patient in ambient lighting
and finally examining all ocular structures in a darkened
environment. It is essential to have a well lit area for the initial
examination and the option to darken the environment for
subsequent steps. In most horses, the examination is
facilitated with proper restraint, sedation and regional nerve
blocks. The general order of steps to be taken in the
examination is listed in Table 1.

Familiarity with the anatomy and range of normal
appearances of the ocular and periocular structures is
paramount. A standard examination protocol will minimise the
risk of lesions being missed. Both eyes should be examined and
all ocular structures should be evaluated in a logical order
from outside (e.g. orbit and eyelids) to inside (e.g. ocular
fundus). Certain diagnostic tests must precede others to avoid
interference with results and interpretation. Important
examples include the assessment of menace response and
other subjective vision testing (e.g. maze testing) and
evaluation of the pupillary light reflexes (PLRs) before sedation,
measurement of tear production by Schirmer tear test before
the topical application of any agent, evaluation of PLRs
before the administration of mydriatic agents and collection of
samples for culture and sensitivity testing before the
topical application of any preparation. All detected
ocular abnormalities and the results of tests should be noted
and interpreted together in order to reach a prompt
ophthalmic diagnosis, to determine the need for performing
further complementary tests (e.g. laboratory workup,
electroretinography, ocular imaging) and select the most
appropriate treatment.

Instrumentation

The routine equipment needed to perform the ophthalmic
examination is listed in Table 2. The most common advanced
equipment is also included (Fig 1).

Ophthalmic examination

Signalment and history
Signalment, use of animal, environment, diet, the primary
complaint (initial clinical signs such as colour change to the
eye, squinting, discharge, diminished vision or blindness; their
onset, progression and duration) and whether the condition is
affecting one or both eyes, treatment (previous, response
and progression and current treatment), previous ocular
disease, systemic disease (previous and concurrent) and any
history of trauma should be evaluated. Additional information
that should be collected include history of travel, vaccination
and deworming schedule and status of other horses on the
premises with similar signs.

Signalment can provide a vital guide to the cause of
many ophthalmic conditions. For example, many conditions
are suspected to be hereditary (e.g. congenital stationary
night blindness in the Appaloosa and Paso Fino) (Petersen-
Jones and Ewart 2011) and others are associated with a
particular coat colour (e.g. multiple congenital ocular
abnormalities [MCOA] that typically affects horses with a
silver coat colour and a white mane and tail) (Andersson
et al. 2008; Grahn et al. 2008). If the primary complaint is
reduced vision or blindness, further investigation of the
differences in photopic (day) and scotopic (night) conditions
that might indicate hemeralopia (day blindness) or nyctalopia
(night blindness) is warranted. Existing medical therapy can
also influence findings on ophthalmic evaluation; for example,
a finding of mydriasis on the ophthalmic examination may be
due to the use of topical atropine in the previous 14 days
(Davis et al. 2003).

Distance observation
The horse should be observed from a distance and before
handling. The attitude of the horse, general body condition
and ability to navigate in an unfamiliar environment are
carefully evaluated to provide some information about its
general health and vision.

Ophthalmic examination can be performed in a stall or the
horse placed in stocks depending on its temperament and
availability of equipment. With the examiner positioned in front
of the horse, the symmetry of the head, bony orbits, eyelids,
globes and pupils should be assessed (Fig 2). Abnormalities in
globe size (e.g. phthisis bulbi and hydrophthalmos), changes in
globe position (e.g. enophthalmos and exophthalmos or
strabismus) and any type of ocular discharge should be noted.
Signs of pain should be detected by evaluation of palpebral
fissure size and symmetry, blink rate, position of the eyelashes
and ocular discharge. In normal conditions, the upper
eyelashes of horses are almost perpendicular to the cornea. A
ventral or downward direction of the eyelashes in relation of
the cornea is suggestive of blepharospasm, enophtlamos,
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phthisis bulbi or ptosis. An upward deviation may be suggestive
of hydrophthalmos or exophthalmos.

The examiner should then be positioned at the side of the
horse’s head, still without touching the animal, to observe
closer the eyelids, assess the eyelids position, movement and
conformation and the position of the third eyelid.

Vision testing and neuro-ophthalmic examination
Vision testing
Vision can be assessed by menace response and maze test;
however, vision testing in horses is subjective. Total blindness
can be determined by these tests but partial visual deficits
can be extremely difficult to determine in horses.

Menace response is part of routine ophthalmic
examination. It is performed by making a threatening
movement or ‘hand motion’ toward the eye being
evaluated, remembering to not generate a large air current
or touch the vibrissae. The appropriated response is the
closure of the ipsilateral eyelids and possible globe retraction
or an avoidance head movement (Gilger and Stoppini 2011;
Featherstone and Heinrich 2013). This is a protective learned
response and, in the foal, is not complete until 2–3 weeks
post natally (Adams and Mayhew 1984; Enzerink 1998). For
detection of a visual deficit in one field, the menacing
gesture is directed, separately, toward the nasal visual fields
and then toward the temporal visual fields (George 1990).
However, partial visual deficits are extremely difficult to be
assessed by menace response. The afferent arm of the
menace response includes the retina and optic nerve and
the efferent arm is the palpebral branch of facial nerve (CN
VII), which innervates the orbicularis oculi muscle (Mayhew

1989; Featherstone and Heinrich 2013). Lack of menace
response may result from opacity of the transparent media,
lesions at any point of the visual pathway (Fig 3) (from the
retina to the visual cortex) or facial nerve. Additionally,
cerebellar disease can cause loss of the menace response
despite normal vision and facial nerve function (Webb and
Cullen 2013) since the menace pathway involves the pontine
nucleus of the cerebellum after the visual cortex on the way
to the facial nucleus.

For maze testing (obstacle course), the patient is placed
in an unfamiliar environment and allowed to move freely. An
obstacle course may be set up with barrels, buckets or hay
bales, for example, in a stall or round pen. It is important to
evaluate the animal’s ability to navigate in normal
illumination and in dim light. This is a crude means of
separating cone (bright light) and rod (dim light) function.
The visual ability in a particular eye may be evaluated by
blindfolding the other eye (Webb and Cullen 2013).

Pupillary light reflex (PLR)
The resting pupil size should first be observed in normal light and
then in a dark room. Pupil size and symmetry can be evaluated
by distance observation by directing an ophthalmoscope light
toward the centre of the horse’s head from a distance of
6–8 feet. This technique will illuminate the pupils via both
tapetal reflexes and allow the detection of subtle anisocoria
(Featherstone and Heinrich 2013; Webb and Cullen 2013). In
horses with bilateral or unilateral heterochromia iridis, anisocoria

TABLE 2: Instruments and supplies for a routine equine ophthalmic
examination

Routine equipment and supplies
1. Focal light source (e.g., Finnoff transilluminator, otoscope

with a strong light source or a penlight)
2. Direct ophthalmoscope
3. Indirect funduscopic lens (e.g. 20 or 28D)
4. PanOptic ophthalmoscope (optional)
5. Head loupes (e.g. Optivisor) (optional)
6. Schirmer tear test
7. Fluorescein and Rose bengal dye strips or sterile solution

units
8. Tonometer (e.g. TonoPen or TonoVet tonometer)
9. Tropicamide 1% eye drops

10. Anaesthetic eye drops: proparacaine/proxymetacaine or
oxibuprocaine

11. Sterile eye wash or sterile saline solution
12. Sterile culture swabs for cytology and culture
13. Glass slides for cytology
14. Number 10 to 15 sterile surgical blade or Kimura platinum

spatula or cytrobrush for cytology
15. Detomidine HCl or xylazine � Butorphanol or acepromazine

for sedation
16. Mepivicaine HCl or lidocaine HCl for local nerve blocks
17. 1 and 3 ml syringes
18. 18 and 25 gauge needles
19. Gauze swabs
Advanced equipment and supplies
1. Portable slit-lamp biomicroscope
2. Binocular indirect ophthalmoscope
3. Digital camera
4. Ultrasound (7.5, 10 and 20 MHz probe)
5. Sterile gel for ultrasound
6. Electroretinography unit
7. Advanced imaging: radiography, computed tomography,

magnetic resonance imaging

TABLE 1: Diagnostic sequence for the routine ocular examination

1. Obtain signalment and a thorough history
2. Distance observation:

2.1 Observe the horse in its environment
2.2 Evaluate for symmetry from the front of the head

(observe globe, orbit, pupils, eyelash direction, ear and
lip position)

3. Perform neuro-ophthalmic examination:
Menace response
Palpebral, dazzle and pupillary light reflexes
Maze test (if indicated)
Corneal reflex (if indicated)

4. Perform Schirmer tear test if indicated
5. Administer sedation if required
6. Perform auriculopalpebral nerve block
7. In a dark environment perform examination of the eyelids,

conjunctiva, nictitating membrane, lacrimal puncta,
cornea, anterior chamber and iris via direct illumination
and biomicroscopy (if available).

8. Corneal culture and sensitivity (if indicated)
9. Apply topical anaesthesia if indicated

10. Perform tonometry
11. Induce mydriasis (tropicamide HCl) if not contraindicated
12. In a dark environment, perform examination of the lens and

vitreous via direct illumination, retroillumination, and
biomicroscopy

13. In a dark environment, perform direct and/or indirect or
panoptic ophthalmoscopy

14. Additional diagnostic tests (if indicated): for example,
ophthalmic dyes (sodium fluorescein, Rose bengal),
cytology of corneal lesion, nasolacrimal flush, eyelid or
conjunctival biopsy, imaging modalities and
electroretinography
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may be a normal finding in which the larger pupil is ipsilateral to
the heterochromic eye.

The PLR is tested by directing a bright light source towards
the eye which results in constriction of the ipsilateral pupil
(direct PLR) and in constriction of the contralateral pupil
(consensual or indirect PLR). The afferent arm of the PLR
includes the retina and optic nerve and the efferent arm is
the parasympathetic component of the oculo-motor nerve
(CN VIII) (Fig 4).

The normal equine pupil constricts slowly and biphasically
when stimulated with a bright light (Brooks and Matthews
2007; Maggs 2013). The first part is a brisk but small reaction
followed by the second slower complete movement. Indirect
PLR can be difficult to assess in horses because they have
very laterally placed globes and normally sluggish PLRs. This is
most easily overcome by having one person stimulate one
eye and observe the direct PLR, while the other observes the
opposite pupil for the indirect PLR using a low intensity light

a) b) c)

Fig 2: a) Normal front view of a horse. Note the symmetry of the head, bony orbits, eyelids, globes and pupils. The upper eyelashes
are almost perpendicular to the cornea. b) Front view of a horse with blepharospasm of the left eye. Note the mild enophthalmos,
decreased size of the eyelids opening and downward deviation of the upper eyelashes of the left eye (image courtesy of Servei
d0Oftalmologia Veterin�aria de la UAB, Barcelona). c) Front view of a horse with left sided hydrophthalmos due to chronic glaucoma.
Note the increased size of the left globe and the corneal oedema and striae.
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Fig 1: Instruments and supplies for equine ophthalmic examination. A) Finnoff transilluminator. B) Direct ophthalmoscope. C) PanOptic
ophthalmoscope (optional). D) Indirect funduscopic lens (20 or 28D). E) Schirmer tear test. F) Gauze swabs. G) Tonometer (TonoPen [left]
or TonoVet [right]). H) Anaesthetic eye drops: proxymetacaine hydrochloride 0.5%. I) Tropicamide 1% eye drops. J) Fluorescein sodium
1% sterile unit. K) sterile saline solution. L) Mepivacaine HCl or lidocaine HCl for local nerve blocks. M) Detomidine HCl � Butorphanol
for sedation. N) 1 and 3 ml syringes. O) 18 and 25 gauge needles. P) Number 11 or 15 sterile surgical blade. Q) Glass slides for
cytology. R) Sterile culture swabs for cytology and culture. S) Binocular indirect ophthalmoscope (optional). T) Portable slit-lamp
biomicroscope (optional).
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(Maggs 2013). In horses, the indirect PLR is weaker than the
direct because of decussion at the chiasm (85%), which
results in more efferent pupillomotor fibres that return to the
ipsilateral side of the brain (Shamir and Ofri 2007; Samuelson
2013) (dynamic contraction anisocoria). Evaluation for the
indirect PLR is unnecessary if the horse has vision and a direct
PLR in both eyes. The indirect PLR can be especially helpful to
evaluate the retina and optic nerve function of eyes in which

the menace response is negative and the direct PLR and
posterior segment cannot be assessed (e.g. severe diffuse
corneal oedema, hyphaema). Pupillary escape, a slight
dilation that follows constriction under direct light stimulation,
is normal in the horse (Scagliotti 1999).

In addition to pathological conditions at any point along
the neurological pathway, the PLR may be reduced if there is
iris atrophy, posterior synechiae, fear, low intensity light source
and prior topical administration of a mydriatic agent.

Dazzle reflex
The dazzle reflex is tested by quickly bringing a very bright
light source towards the eye which results in closure of the
ipsilateral and, to a lesser extent, contralateral eyelids
(Marquis and Hilgard 1936; George 1990; Burke and Hackley
1997; Plainis et al. 2006). The complete anatomic pathway of
the dazzle reflex has not been elucidated in animals;
however, evidence from the literature in man suggests that it
is present when the optic nerve is intact to the level of the
midbrain and to reflex centres in the rostral colliculi and/or
the supraoptic nuclei of the hypothalamus and cranial nerve
II (Mayhew 1989; George 1990; Scagliotti 1999; Webb and
Cullen 2013). The test can be particularly useful to evaluate
the retina and optic nerve function of eyes in which the
menace response is negative and the direct PLR and
posterior segment cannot be assessed (e.g. severe diffuse
corneal oedema, hyphaema). Care should be taken if the
light source is held too close to the cornea and generates
heat because this can give a false-positive result.

Palpebral reflex
The palpebral reflex is elicited by lightly touching the
periocular skin in the medial and lateral canthus which results
in closure of the eyelids. The afferent arm of this reflex is the
ophthalmic and maxillary branches of the trigeminal nerve
(CN V) for medial and lateral canthus stimulation, respectively
(Featherstone and Heinrich 2013); however overlapping exists
between both nerves distributions. The efferent arm is the
facial nerve (CN VII). The palpebral reflex is present
immediately after birth in foals (Adams and Mayhew 1984).

Corneal reflex
The corneal reflex is tested subjectively by lightly touching the
unanaesthetised peripheral cornea with a sterile cotton-
tipped swab and results in closure of the eyelid and
retraction of the globe (Mayhew 1989; George 1990; Webb
and Cullen 2013). Care should be taken to not touch the
central cornea which may elicit a menace response and be
misinterpreted as positive corneal reflex. The afferent arm of
corneal reflex is the ophthalmic branch of the CN V and the
efferent arm includes the CN VII (closure of the eyelid) and
the abducens nerve (CN VI) (retraction of the globe).
Corneal sensitivity can be quantitated by a technique called
corneal aesthesiometry which uses the corneal reflex to
measure the corneal touch threshold (CTT). The technique is
the same for horses as for small animals and has been well
described elsewhere (Brooks et al. 2000b; Gilger and Stoppini
2011; Featherstone and Heinrich 2013).

The Schirmer tear test
The Schirmer tear test (STT) measures the amount of aqueous
tears produced in 1 min using a strip of calibrated 5 9 35 mm
filter paper. The most common is the Schirmer tear test I (STT

Fig 3: Visual pathway. L = lateral visual field which corresponds
to the medial retina and optic nerve fibres (blue). M = medial
visual field which corresponds to the lateral retina and optic
nerve fibres (red).

Fig 4: Pathway for pupillary light reflex.
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I), which is performed without previous application of topical
anaesthesia and measures basal and reflex tearing. The
Schirmer tear test II (STT II), performed after the application of
topical anaesthesia, only measures basal secretion of
aqueous tears. The application of topical anaesthesia
abolishes corneal sensation, the afferent limb of the reflex
path is blocked and reflex secretion by the lacrimal and
nictitans glands is reduced. The STT II has not received
widespread clinical application in animals (Maggs 2013).

The STT I should be performed very early in the ophthalmic
examination before manipulation of the eye and orbit to
minimise reflex tearing and before any topical agents are
applied to the eye (Gilger and Stoppini 2011; Featherstone
and Heinrich 2013; Maggs 2013). The test is easy to perform
and can be done in most horses with minimal restraint. Some
strips have a marker dye to show clearly the amount of tear
production and a millimetre scale markings on them to
facilitate the measurement. The strips should not be taken out
of the package until the operator is ready to perform the test
and the test area of the strip should never be touched. While
the test strip is still in the package, the strip is folded at the
notch so that the end is perpendicular to the rest of the strip.
The folded part of the strip is placed in the ventrolateral
conjunctival sac so that the notch rests at the eyelid margin
and the strip is in contact with the cornea (Fig 5). The strip is
held in place for 1 min and the tears produced flow down
the test strip, moving the dye with them. The tears are
measured immediately upon removal. STT I values in the
normal adult horse, vary from 20.6 � 6.5 mm/min to
24.8 � 4.8 mm/min (Brightman et al. 1983; Harling 1988;
Regnier 2002; Beech et al. 2003). Two additional studies
report STT I values to have a range of 11 to >30 mm/min and
15–20 mm/30 s (Marts et al. 1977; Moore 1992). In the horse,
STT I values of less than 10 mm/min in conjunction with clinical
signs should be considered abnormal (Lavach 1990; Crispin
2000). Even though STT I values are significantly higher than
STT II in the dog and cat, there is little to no difference in the
horse (Williams et al. 1979; Beech et al. 2003).

Although, STT should be part of the routine ophthalmic
examination, specific indications to perform STT in horses include
evidence of facial nerve (CN VII) dysfunction (e.g. after trauma,
facial paralysis), desiccated cornea or conjunctiva, presence
of tenacious mucoid discharge and presence of unexplained
corneal vascularisation or ulceration (Joyce and Bratton 1973;
Brightmanet al. 1983; Crispin 2000; Schwarz et al. 2008).

Several factors influence tear production. Neonatal foals,
both healthy and sick, have been reported to have lower STT

values than adult horses (Brooks et al. 2000b). The influence
of gender, diurnal rhythm and the variability in tear
production between eyes in the same horse has been found
to be inconsistent (Regnier 2002; Beech et al. 2003; Piccione
et al. 2008). In clinically normal horses, the application of
tropicamide 1% has showed to result in statistically significant
reduction in Schirmer tear test values measured 1 h after
treatment and up to 4 h in the treated eye (Ghaffari et al.
2009). The Schirmer tear test value is reduced by general
anaesthesia with halothane for up to 3 h. Sedation with
xylazine did not affect tear production (Brightman et al.
1983).

Restraint and sedation
Following initial examination, vision testing and neuro-
ophthalmic examination, some horses require sedation to
allow a complete ophthalmic examination. Detomidine
hydrochloride (0.02–0.04 mg/kg bwt i.v.) is the preferred
chemical agent for ophthalmic examination because it
provides rapid tranquilisation without an excitation phase
(either on induction or during recovery) and a steady and
low head position without movement (Gilger and Stoppini
2011). Xylazine (0.5–1 mg/kg bwt i.v.) can also be used;
however, a profound excitation phase on induction or
recovery may occur (Cooley 1992; Brooks and Matthews
2007). Butorphanol (0.01–0.02 mg/kg bwt i.v.) or
acepromazine (0.02–0.04 mg/kg bwt i.v.) can be given
alongside xylazine for painful procedures or additional
restraint (Cooley 1992; Brooks and Matthews 2007). When
additional tranquilisation is needed for extended
examination, acepromazine may be added 10–15 min prior
to detomidine. Additional restraint includes lip (rope) and
neck twitch (manual); however, these techniques should not
be used for longer than 10 min procedures since some horses
react adversely (Gilger and Stoppini 2011).

Regional akinesia
The orbicularis oculi muscle is very strong in horses. It is
responsible for eyelid closure and is enervated by the
palpebral branch of the auriculopalpebral nerve.
Auriculopalpebral denervation (block) is usually required to
facilitate ocular examination, especially if the eye is painful
and/or if the structural integrity of the globe is compromised
(e.g. deep corneal ulcer or corneal perforation), since the
pressure applied by the muscle during manipulation for
examination can result in rupture or further damage of the
globe. It is also recommended when an intraocular pressure
is being recorded in order to reduce external pressure
influences on the globe. This nerve is most easily and precisely
blocked as it courses over the zygomatic arch caudal to the
bony process of the frontal bone (Fig 6a). A 25 gauge,
16 mm needle is used to inject 1–2 ml of anaesthetic agent
subcutaneously adjacent to the nerve and the injected site is
massaged to facilitate drug diffusion (Gilger and Stoppini
2011; Featherstone and Heinrich 2013) (Fig 6b,c). Mepivicaine
or lidocaine are most commonly used due to their rapid
onset and reasonably long duration. Two per cent lidocaine
hydrochloride has an onset of action of 4–6 min and a
duration of 60–90 min and 2% mepivacaine has an onset of
action of 3–5 min and a duration of 90–120 min (Brooks and
Matthews 2007). Effective auriculopalpebral nerve block
results in ptosis, narrowing of the palpebral fissure and easy
manual elevation of the upper eyelid. If the horse is notFig 5: Schirmer tear test.
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blinking well at the conclusion of the ophthalmic
examination, artificial tears should be applied every 30 min to
protect the cornea from desiccation.

Close examination of orbit and adnexa
Orbital examination should be performed by observation,
palpation of the bony orbital rim and retropulsion of the
globe through a closed eyelid (Lavach 1990; Cooley 1992;
Brooks and Matthews 2007). If the structural integrity of the
cornea or globe is suspected to be compromised, forceful
manipulation of the eyelid and retropulsion of the globe
should not be performed. If an auriculopalpebral nerve block
has not been used attempting to elevate the superior eyelid
should be avoided and the eye should be examined with
minimal handling of the adnexal tissues. Direct illumination is
used for inspection of the anterior structures of the eye,
including the eyelids, conjunctiva and nictitating membrane
(Fig 7). This can be performed with a Finnoff transilluminator,
direct ophthalmoscope, slitlamp biomicroscope or a penlight.
The anterior surface of the nictitating membrane is examined
by retropulsion of the globe resulting in passive prolapse of
the third eyelid. Following repeated application of topical
anaesthetic, such as 1% tetracaine, the posterior surface of
the third eyelid can be evaluated by gently grasping the
third eyelid with fine serrated forceps (e.g. Von Graefe
fixation forceps) or a cotton swab can be used to elevate it
from the surface of the globe. The nasolacrimal system is

evaluated by inspection of the openings of the upper and
lower puncta at the medial canthus and distal lacrimal
punctum in the nasal cavity. If indicated, a more detailed
assessment of the nasolacrimal system can be made by
using a Jones test, nasolacrimal flush and imaging techniques
(see more information on additional diagnostic tests).

Examination of the anterior segment
Examination of the anterior segment should be performed in
a dark environment. Gross examination of sclera, limbus,
cornea, anterior chamber, iris and anterior lens can be
performed by diffuse and focal direct illumination (or
transillumination).

Corneal examination should be performed with the
examiner located cranial to the eye. The cornea is
horizontally oval and should appear as a smooth,
transparent, convex, avascular and nonpigmented structure.
Corneal opacities or surface irregularities may be easily
detected with a light source directed diagonally across the
cornea. After examination with diffuse illumination, the
anterior chamber should be inspected with a thin beam (slit)
or small circular focal beam of light (which can be found on
many direct ophthalmoscopes) for assessment of
transparency and depth. In the healthy horse the aqueous
humour is completely transparent. If protein and cellular
components are presented, there will be scattering of light by
these particles, when a focal light source is directed to the
eye into the anterior chamber. This is called Tyndall
phenomenon and can be easily detected, in a dark room,
focusing a slit or tiny circular beam on the cornea and
viewed from an angle perpendicular to the beam (Fig 8)
(Featherstone and Heinrich 2013). Observation of the Tyndall
phenomenon is indicative of aqueous flare and this is
pathognomonic for anterior uveitis. Subtle detection of
increased cellularity of the aqueous humour is better
detected by the use of slit lamp biomicroscopy. Aqueous
flare can be graded on a subjective scale from 1+ to 4+, with
4+ being the greatest degree of severity (Gilger and Stoppini
2011). One plus (1+) indicates faint flare, 2+ indicates
moderate flare with clear iris and lens details, 3+ indicates
marked flare with hazy iris and lens details and 4+ indicates
severe flare with fixed aqueous humour with fibrin (Hogan
et al. 1959).

In the horse, the iridocorneal angle can be directly
observed laterally and medially (Fig 7). The iris should be
evaluated for colour, consistency, pupil size, and pupil shape.

a) b) c)

Fig 6: Performing regional akinesia. a) The auricular palpebral nerve can be easily palpated (index finger) in the point where it lies
over the zygomatic arch caudal to the bony process of the frontal bone. b) A 25 gauge 16 mm needle is inserted adjacent to the
nerve. c) 1–2 ml of anaesthetic agent is injected subcutaneously and the injection site massaged to facilitate drug diffusion.
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Fig 7: Normal external appearance of the equine eye and
adnexa. A) Vibrissae. B) Eyelashes. C) Medial canthus. D) Lateral
canthus. E) Lacrimal caruncle. F) Nictitating membrane. G) Limbus.
H) Iridocorneal angle. I) Iris. J) Granulae iridica.
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The corpora nigra or granula iridica are extensions of the
posterior pigmented epithelium of the iris, located along the
dorsal and ventral pupillary margins (Hollingsworth 2011)
(Fig 7).

The lens should be assessed for transparency, size,
position, shape and surface irregularities. Complete
evaluation of the lens requires pupil dilation and should be
performed after application of a short-acting mydriatic
agent. The most common mydriatic used is tropicamide,
which takes effect in 10–20 min and lasts 4–6 h in the horse
(Gelatt et al. 1995). The lens can be grossly evaluated in a
similar fashion to the cornea. A cross section of the lens may
be observed directing a slit beam onto the lens and looking
from an oblique angle. Nuclear sclerosis (the normal ageing
change of the lens due to increased lens density) will be
observed as grey-blue appearance in the centre of the lens,
with the cortex remaining clear (Gilger and Stoppini 2011). A
refractive difference between the nucleus and cortex may
give the impression of a ring around the nucleus and is a
normal variant. A cataract will be observed as a white
opacity of the lens or its capsule. Incipient (involving <10–15%
of the lens volume) and immature cataracts (any stage from
the incipient to a complete cataract) may be grossly
characterised by retroillumination of the lens. This is done by
using a direct ophthalmoscope or other focal light source
(e.g. Finnoff transilluminator) held at an arm’s distance from
the horse and noting the degree of obstruction by the
cataract of the tapetal reflection. Incipient and immature
cataracts appear brown to black when visualised against a
tapetal background, due to obstruction of the reflected light.
Complete cataracts will not elicit a tapetal reflection with
retroillumination.

Slit-lamp biomicroscopy
Slit-lamp biomicroscopy allows magnification and 3-
dimensional examination of the adnexa, cornea, anterior
chamber, iris, lens and anterior vitreous (Berliner 1943) and
with the use of a condensing lens the posterior vitreous and
fundus. It improves visualisation and precise localisation of

lesions. The slit lamp biomicroscope is relatively expensive
and reasonable practice is necessary for a correct
interpretation. The technique is the same for horses as for
man and small animals and has been well described
elsewhere (Berliner 1943; Martin 1969a,b,c; Featherstone and
Heinrich 2013).

Tonometry
Tonometry is the measurement of intraocular pressure (IOP).
Precise estimation of IOP in the standing horse requires use of
applanation or rebound tonometry (Gilger and Stoppini
2011). Instructions for correct performance of each technique
are listed in Figure 9. Normal IOP values in horses are 17–
28 mmHg (Gum and MacKay 2013). Although tonometry
should be part of a routine ophthalmic examination, specific
indications to perform IOP measurement in horses include
focal or diffuse corneal oedema, a red or painful eye, orbital
trauma, a resting pupil mydriasis, history of glaucoma or lens
luxation and abnormal appearance of iridocorneal angle
(Brooks and Matthews 2007).

Several factors have been proven to influence tonometry.
The effect of sedation, general anaesthesia and regional
nerve block should be considered. In the horse, IOP is
reduced by sedation with romifidine alone (by up to 16.7%)
(Marzok et al. 2014), xylazine alone (by up to 23%) (van der
Woerdt et al. 1995) and a combination of acepromazine and
xylazine (McClure et al. 1976), but not by the combination of
ketamine and xylazine (Smith et al. 1990). Studies assessing
the importance of auriculopalpebral nerve block for
accurate IOP estimation in horses have provided
controversial results (Trim et al. 1985; Miller et al. 1990; van der
Woerdt et al. 1995). However, in the clinical setting, the use
of auriculopalpebral nerve block is recommended in horses
with blepharospasm due to painful clinical situations such as
glaucoma (Gilger and Stoppini 2011) in order to avoid
overestimation of IOP caused by eyelid tension. One study
showed that head position has a significant effect on IOP in
normal horses. In that study, 87% of horses tranquilised with
detomidine and given auriculopalpebral nerve blocks had

Fig 8: Examination of the anterior chamber showing aqueous flare. Note the beam of light (arrow) from the slit lamp visible within the
anterior chamber behind the cornea.
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elevated IOP when their head positioned was lower than
their hearts (Komaromy et al. 2006). Circadian rhythm also
affects the IOP. In the horse, low IOP values were detected
during the dark phase and maximum IOP values were
detected during the light phase, with a peak at the end of
the light phase (Bertolucci et al. 2009). Taking together the
results of these studies, it is recommended being consistent
when measuring IOP in horses specially when the same horse
is reassessed. Tranquilisation (always the same drug in the
same patient), auriculopalpebral nerve block and an
elevated normal head position are recommended (Gilger
and Stoppini 2011). Corneal thickness has been shown to
affect IOP results with both the TonoVet and the Tonopen. If
corneal pathology is present, readings should be taken from
the healthiest part of the cornea.

Examination of the posterior segment: vitreous, retina
and optic nerve head
To facilitate clinical observation of the vitreous, retina and
optic nerve head, the pupil should be dilated using a short
acting mydriatic agent (1% tropicamide). The examination
should be performed in reduced light conditions.

The normal vitreous is a clear and homogenous gel that
fills the space between the posterior lens capsule and the
retina. Examination of the anterior vitreous may be performed
with a direct focal light source or slit-lamp biomicroscopy
using direct illumination and retroillumination techniques.

Correct examination of the retina and optic nerve
requires familiarity with the anatomy and range of normal
variation in the horse (Fig 10). The ocular fundus should be
thoroughly examined in a systematic manner including
identification and assessment of the optic nerve head, retinal
vasculature, tapetal and nontapetal fundus in quadrants.
Abnormalities that should be noted include changes in size,
shape, colour, elevation or depression of the optic nerve
head; changes in the reflectivity, pigmentation or presence
of haemorrhages and exudates in the tapetal fundus;
changes of size, colour, vessel margin or haemorrhages of

retinal vasculature; pigment loss and presence of
haemorrhages and exudates in the nontapetal fundus.

Examination of the ocular fundus can be performed with
direct, indirect or panoptic ophthalmoscopy.

Fig 10: Normal equine ocular fundus. Note the dorsal tapetum
and ventral melanotic (dark coloured) retinal pigment epithelium
(nontapetal fundus). The optic nerve head (ONH) or optic disc, is
oval to round, somewhat pink to orange in colour and located
slightly temporally in the nontapetal fundus. The retinal
vasculature is classified as paurangiotic with small diameter
vessels arising from the edge of the disc and extending only a
short distance from the optic nerve head. At the 6 o’clock
position there is a normal absence of these vessels. Small spots in
the tapetum are end on capillaries called the stars of Winslow
(image courtesy of Servei d0Oftalmologia Veterin�aria de la UAB,
Barcelona).

a) b)

Fig 9: a) Applanation tonometry. Applanation tonometer estimates IOP by measuring the force required to flatten (applanate) a small
area of corneal surface. The most common applanation tonometer in veterinary use is the Tonopen. 1. Topical anaesthetic is placed in
both eyes. 2. A disposable latex membrane is placed on the probe of the tonometer. 3. The upper eyelid is gently held taking care to
avoid pressure on the globe. 4. The instrument is held perpendicular to the cornea so that the flat tip is parallel to the cornea. 5. The tip
is gently tapped on the cornea multiple times. Brief clicks indicate when individual readings have been recorded and a sustained
beep sound signals when a mean IOP was calculated. 6. An average reading is then shown on the display. 7. The reliability (coefficient
of variance) of the result should be <5% or tonometry should be repeated. b) Rebound tonometry. Rebound tonometer utilises an
impact method to determine IOP by propelling a small probe at a fixed distance from the cornea and assessing the motion of the
probe as it strikes the cornea and is returned (rebounds) to the instrument. The TonoVet rebound tonometry is becoming increasingly
popular in veterinary ophthalmology. The measurement should be done without topical anaesthesia. 1. The TonoVet should be
calibrated for horses. 2. The upper eyelid is gently held taking care to avoid pressure on the globe. 3. The tip of the probe should be
positioned perpendicular to the corneal surface at a distance of 4–8 mm. 4. An individual measurement is triggered by pressing the
measurement button. The tip of the probe should hit the central cornea. Six measurements are made consecutively. After each
successful measurement there is short beep. After the 6 measurements, there is a longer beep and the IOP is shown on the display.
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Direct ophthalmoscopy
Direct opthalmoscopy is performed with a direct
ophthalmoscope which consists of a power source supplying
a light source in a coaxial optical system (Fig 11). A circular
dial on the direct ophthalmoscope holds a series of concave
and convex lenses that can be rotated through the viewing
aperture (Catcott 1952; Bunce 1955; Barnett 1967; Bistner
1983). Green or black numbers represent convex or
converging lenses (positive) and red numbers represent
concave or diverging lenses (negative). The retina is usually in
focus at 0 to -2D if the examiner’s vision is emmetropic and
therefore the ophthalmoscope should initially be set at 0D
(Ollivier et al. 2007). Other dials can adjust the size, shape
and colour of the light beam. The size of the circular white
light beam should be adapted to the pupil size to minimise
light refractions from the cornea (Gilger and Stoppini 2011).
The green colour light (red-free filter) allows evaluation of
retinal vessels and differentiating haemorrhages (which
appear as black on green light) from brown pigment (which
appear as brown). The graticule can be used to measure the
lesions and compare them to the optic nerve head size. The
slit beam assists in the detection of elevations or depressions
in the ocular fundus (Featherstone and Heinrich 2013).
Distance between the normal retina and elevated or
depressed lesion(s) can be estimated by changing the
dioptric power of the ophthalmoscope. For example, if the
retina is focus at 0D and the surface of lesion is focus at +3D,
it means that the lesion is elevated; conversely, if the lesion is
focus on 3D means that the lesion is depressed. The intensity
of the light source should be adjusted on the rheostat as low
as possible to allow a good view and minimised patient
discomfort. If for some reason mydriasis was not induced, the
light intensity should be kept as low as possible to minimise
pupil constriction.

The direct ophthalmoscope should be placed against the
examiner’s brow and the fundic reflex identified from a

distance of an arm’s length. Once the fundic reflex is
identified, the examiner moves toward the horse to a point
approximately 2–3 cm from the eye to visualise the fundus
(Gelatt et al. 1995; Ollivier et al. 2007). The examiner’s right
eye should be used for examination of the patient’s right eye
and vice versa. The examiner’s opposite eye should be held
open in a relaxed manner (Maggs 2013) (Fig 12).

Advantages of using a direct ophthalmoscope include
direct image, greater magnification than indirect and
panoptic ophthalmoscope, availability of options such as slit
and graticule and ability to alter the dioptric power of
ophthalmoscope. Disadvantages include smaller field of view
than indirect and panoptic ophthalmoscope, short working
distance between the examiner and horse, lack of stereopsis,
difficulty in examining the peripheral fundus and greater
distortion of the image when the visual axis is not clear
(Gilger and Stoppini 2011; Featherstone and Heinrich 2013)
(Fig 13a).

Distance direct ophthalmoscopy can also be performed
with a transilluminator or a strong focal light source. The light
source should be placed closed to the examiner0s eye and
the fundic reflex identified from a distance of an arm’s
length. This is a useful and relatively simple technique suited
to screen for obvious lesions. It allows identification of any
opacities in the visual axis as reflected light from the tapetum
is blocked by the opacity and appears as a darker area or
shadow in the fundic reflex. Further localisation of these
opacities can be achieved using the technique of parallax.
Observation of the opacity from directly in front of the equine
eye locates the opacity at its position relative to the optical
axis. As the clinician moves to their left while observing the
fundic reflex, any opacities anterior to the centre of the lens
appear to move to the right; any opacities posterior to the
centre of the lens appear to move to the left. It should be
noted that opacities may be within the cornea, anterior
chamber or vitreous as well as the lens.

B  

D  

C

A

Fig 11: The direct ophthalmoscope. A) Controls for light intensity. B) Circular dial holding converging lenses (positive) and diverging
lenses (negative). C) Dials to adjust the size (minimum, medium, large diameter) shape (round or slit), colour of the light beam (white,
blue or green) or graticule. D) Illustrating the different options of light beams.

© 2015 EVJ Ltd

463EQUINE VETERINARY EDUCATION / AE / AUGUST 2016



Indirect ophthalmoscopy
Indirect ophthalmoscopy may be performed as a monocular
or binocular technique.

Monocular indirect ophthalmoscopy requires the use of a
bright handled light source (e.g. Finnoff transilluminator, direct
ophthalmoscope, strong otoscope or a penlight) and a
handheld convex lens (+5.5 to +28D are the most useful in
horses) (Brooks and Matthews 2007; Gilger and Stoppini 2011;
Featherstone and Heinrich 2013). The light source should be
placed closed to the examiner0s eye and the fundic reflex
should be identified from a distance of an arm’s length.
Once the fundic reflex is identified, the examiner positions the
lens 2–6 cm in front of the patient’s cornea. The lens is held
with the thumb and forefinger and positioned with the flatter
surface toward the patient (Fig 14). The image is viewed by
gazing at the hand lens surface. This technique requires
minimal equipment but stereopsis (depth perception) is lost.

Binocular indirect ophthalmoscopy involves the use of a
handheld lens and an indirect ophthalmoscope headset
which includes a light source, a mirror to direct the light into
the patient’s eye and 2 prisms to split the reflected light so it
can be directed into both examiners’ eyes, allowing
stereopsis (Gilger and Stoppini 2011; Featherstone and
Heinrich 2013). The procedure (Fig 15) is performed in a
similar fashion to the one described for monocular indirect
ophthalmoscopy. Eyepieces should be adjusted to the
examiner’s interpupillary distance and the light intensity can
be controlled with a rheostat. Most binocular indirect
ophthalmoscopes have interchangeable apertures and filters.
The size of the circular light beam should be adapted to the
horse’s pupil size. The green colour light has the same
functions as those described for the direct ophthalmoscope.

In both the monocular and binocular indirect
ophthalmoscope the light source should be adjusted as low
as possible to allow a good view and minimise patient
discomfort. If for some reason mydriasis has not been
induced, the light intensity should be kept as low as possible
to minimise pupil constriction. A high diopter strength hand
lens results in less magnification but a large field of view
(higher number, less magnification). Indirect ophthalmoscopy
can also be used to semi-qualify the refractive error of an
animal by slowly withdrawing the lens toward the examiner
and further from the eye and observing any change in
magnification. The fundic image may get smaller which
indicates that the animal is somewhat hyperopic or larger,
indicating that the animal is somewhat myopic; or it may
remain static indicating that the animal is emmetropic.

Advantages of indirect ophthalmoscopy vs. direct and
panoptic ophthalmoscopy include a wider field of view
allowing a quicker and better overview of the fundus, larger
working distance between the examiner and horse, less
distortion of the image when the visual axis is not completely
clear and when a binocular indirect ophthalmoscope is
utilised, stereopsis and the ability to use both hands for
patient manipulation. Disadvantages include an inverted and
reversed image (upside down and backward) and less
magnification (Gilger and Stoppini 2011; Featherstone and
Heinrich 2013) (Fig 13c).

Direct and indirect ophthalmoscopy complement each
other, particularly if a lesion is detected with indirect
ophthalmoscopy and closer examination is then performed
with direct method (Murphy and Howland 1987).

Fig 12: Direct ophthalmoscopy.

a) b) c)

Fig 13: These photos illustrate the ophthalmoscopy view with direct a), panoptic b) and indirect ophthalmoscopy c). The white circle
noted in each picture is a flash artifact.
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Panoptic ophthalmoscopy
A panoptic ophthalmoscope (PanOptic)1 is a monocular
indirect ophthalmoscope (Fig 16) that gives a real image and
intermediate magnification between direct and indirect
magnification (Fig 13b).

Fundus photography
Recording of ocular and fundic images facilitates monitoring
of disease progression and response to treatment. While high
quality images of the anterior segment and ocular adnexa
may be acquired with common digital cameras, acquisition
of fundic images requires specialised fundus cameras. If such
a camera is not available, acquisition of images may be
performed using a smartphone. With a camera application
that allows the adjacent light to be turned on permanently
the smartphone can be used in a similar fashion to a direct
ophthalmoscope to obtain an image of the fundus.
Smartphones with a light source closer to the camera, i.e.

with a more axial light, will be more suitable for this. High
quality images have been captured using a smartphone and
20D lens in man and rabbits. By using the coaxial light source
of the phone, this system works as an indirect
ophthalmoscope that creates a digital image of the fundus
(Haddock 2013). A smartphone adaptor has also been
developed as an attachment for the PanOptic1 enabling
acquisition of images of the ocular fundus.

Additional diagnostic tests
Corneal culture
Bacteria and fungal culture and sensitivity should be
considered in all cases of corneal ulceration. Culture can be
performed with a swab or a scraping, using either a sterile
surgical blade or a Kimura spatula. The eyelids should be
retracted to avoid contamination from palpebral conjunctiva
and the samples taken from the edges of a corneal ulcer to
avoid possible further damage. Specimens for culture should
be obtained before the administration of topical agents
because many topical ophthalmic preparations contain
preservatives that may interfere with culture results. However,
it has been shown that a single application of
proxymetacaine/proparacaine is unlikely to affect culture
results (Champagne and Pickett 1995). If the horse is so
painful that even with sedation and regional nerve blocks
does not allow obtaining a sample, a single application of
topical anaesthesia can be applied.

Fungal PCR is also available through human mycology
laboratories and the results are significantly quicker (usually in
24–48 h) than culture of fungal organisms (which takes 2–
3 weeks).

Corneal cytology
Cytology is a simple, fast and inexpensive method for
characterising the type of inflammatory process and in many

Fig 15: Binocular indirect ophthalmoscopy (this would normally
be performed in reduced light conditions).

Fig 14: Monocular indirect ophthalmoscopy.

Fig 16: Monocular indirect ophthalmoscopy with the PanOptic.
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cases to obtain a diagnosis. Unlike culture and sensitivity,
cytology can provide rapid results that may guide the
immediate course of therapy. Cytology is indicated in all
cases of ulcerative keratitis in the horse (Gilger and Stoppini
2011). Under topical anaesthesia, a cytrobrush, the black/
blunt end of a scalpel blade or Kimura spatula can be used
to gently scrape the cornea at the affected area. In the
case of deep or melting corneal ulceration in which
excessive manipulation may be contraindicated, cotton-
tipped swabs are the least traumatic method to obtain a
sample. Cell preservation using a cytobrush is superior when
compared with a cotton-wool tip and spatulas (Bauer et al.
1996). The cytological preparation should be stained with
Romanowsky-type stains (e.g. Diff-Quik, Wright-Giemsa stain)
and/or a Gram stain to identify bacteria (cocci or rods),
fungal hyphae and yeasts and characterise the type of
inflammatory process.

Ophthalmic dyes (sodium fluorescein, Rose bengal)
Ophthalmic dyes are frequently used in veterinary
ophthalmology to determine the health and integrity of the
corneal and conjunctival epithelium and the physiological
flow of the nasolacrimal system. Because they may alter the
appearance of the eye and affect the result of some other

tests, their application should be delayed until the anterior
and posterior segments of the eye have been completely
examined, any microbiological samples collected, STT
performed and aqueous flare assessed (Maggs 2013). The
two most commonly used in clinical veterinary
ophthalmology are sodium fluorescein and Rose bengal.

Sodium fluorescein
Sodium fluorescein is most commonly used to detect
ulcerative keratitis and is a hydrophilic drug that binds to the
corneal stroma (hydrophilic) but not to the epithelium or to
Descemet’s membrane (both hydrophobic). It also stains
corneal fibrovascular (granulation) tissue and conjunctival
ulcerations and abrasions. It comes as a prepackaged, sterile
strip or sterile prepared solutions. Nonsterile prepared solutions
should be avoided because they have been associated with
bacterial contamination (Cello and Lasmanis 1958). The
easiest method to perform the fluorescein test in horses is to
place the sterile strip inside a 3 ml syringe and fill it with sterile
saline solution or eyewash. Alternatively, the syringe can be
filled direct with sterile prepared solution. A 25 gauge needle
is attached to the syringe and the needle is manually
broken. The solution is then gently flushed onto the cornea
and the animal allowed to blink or the eyelids should be
closed after application to distribute the stain across the
ocular surface. Excess fluorescein should be removed with
gentle irrigation with sterile isotonic saline solution. Fluorescein
uptake is better detected with the cobalt blue light usually
present in the direct ophthalmoscope or slit lamp. Defects in
the corneal epithelium appear as bright green areas.
Fluorescein also stains intercellular spaces because of
exposed hydrophilic substance and therefore assists in the
detection of corneal erosions which are detected as very
faint, small punctate to irregular areas of fluorescein
retention. Direct application of the strip to the cornea or
previous use of topical anaesthesia can cause artifactual
stain retention. The fluorescein test may also be used to
detect full thickness corneal injury if aqueous humour is
leaking through the defect. This is called the Seidel test and is
performed by applying 2% fluorescein to the cornea without
subsequent flushing. The aqueous humour leakage locally
dilutes the fluorescein as it exists the corneal defect. It
typically appears as a dark wave of aqueous humour that
rapidly increases in size and flows downward over the
cornea.

Fluorescein staining of the cornea is indicated in red or
painful eyes, in eyes with corneal discharge or an obvious

Fig 17: Superficial corneal ulcer stained with fluorescein. Note
the diffuse corneal oedema and conjunctival hyperaemia
(image courtesy of Servei d0Oftalmologia Veterin�aria de la UAB,
Barcelona).

a) b) c)

Fig 18: Retrograde nasolacrimal flush. a) Identification of distal nasal puncta (arrow). b) The nasal puncta is cannulated with a 6 Fr
urinary catheter attached afterwards to a 20 ml syringe containing fluorescein diluted with sterile isotonic saline. c) The fluid is gently
flushed until it exits the proximal punctum.
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corneal irregularity and history of ocular trauma (Gilger and
Stoppini 2011) (Fig 17).

Sodium fluorescein can also be used to assess the
physiological flow of the nasolacrimal system (Jones test). To
perform the Jones test, fluorescein dye is applied to the eye
and the passage of the dye to the distal nasal puncta is
timed. It should occur within 5 min but may take up to 20 min
(Harling 1988; Gilger and Stoppini 2011). A positive test result is
definitive for a patent nasolacrimal duct. A negative test
result can be suggestive of a problem but may also be
normal because of the large volume capacity of the
nasolacrimal duct in horse.

Rose bengal
Rose bengal stains areas on the cornea or conjunctiva that
lack membrane-associated mucins. It is used to detect tear
film disorders and demonstrate superficial corneal erosion or
early ulcers that may not stain fluorescein, for example,
punctate keratitis, herpetic keratitis and early keratomycosis
(Brooks et al. 2000a). Like fluorescein, it is available as a sterile
prepared solution and as a prepackaged sterile strip. Use of
0.5% or lower concentrations can reduce the irritancy
associated with higher concentrations (Slatter 1973). The stain
is applied to the ocular surface as previously described for
fluorescein application. It can be applied before or after
fluorescein application (Korb et al. 2008).

Nasolacrimal flush
Nasolacrimal flush is the manual irrigation of the nasolacrimal
system to assess its patency. Indications include negative
Jones test, epiphora without an obvious cause, mucopurulent
ocular or nasal punctal discharge or dacryohemorrhea. It
can be performed normograde (i.e. from the proximal eyelid
puncta) or retrograde (i.e. from the distal nasal puncta)
(Fig 18a) which is the easiest technique because of the larger
size of the opening (Latimer et al. 1984). Sedation is usually
required for both techniques. To perform the retrograde
nasolacrimal flush, the distal nasolacrimal puncta is identified
and cannulated (for a distance of at least 5 cm) by a 4–6 Fr
urinary catheter, 5 Fr feeding tube or polyethylene tube
previously coated with lidocaine gel. Gentle digital pressure
should be applied at the junction of the tube and the nasal
puncta to avoid leakage. A 10–20 ml syringe containing
fluorescein diluted with sterile isotonic saline is attached to
the catheter and the fluid gently flushed until it exits the
proximal punctum (Fig 18b,c). If retrograde irrigation is
unsuccessful normograde irrigation should be attempted.
Under topical anaesthesia, the proximal puncta is identified
and cannulated with an intravenous cannula, lacrimal
cannula, open-ended tomcat catheter or teat tube syringe.
Cannulation of the upper punctum first is recommended to
avoid damage to the lower punctum which is responsible for
the majority of tear drainage. Excessive force in the
placement of the catheter or during irrigation should be
avoided because significant damage to the nasolacrimal
duct could result.

If the nasolacrimal flush is negative and there are
clinical signs consistent with nasolacrimal disease,
complementary diagnostic such as skull radiographs or CT
scans and a contrast dye study (e.g.
dacryocystorhinography) may be indicated (Nykamp et al.
2004; Gilger and Stoppini 2011).
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Critically Appraised Topic

Does radiography help or hinder in apical infection?
N. du Toit
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Clinical scenarios and question refinement
Despite the difficulties in interpreting skull radiographs, due
to the superimposition of complex anatomic structures,
radiography is still the most common imaging modality used in
general practice. Skull radiographs are often taken when
investigating sinusitis, facial swelling or unexplained purulent
draining tracts. Skull radiographs are also taken when dental
pathology has been noted on oral examination, e.g. fractures,
caries, pulpar exposure. When investigating a suspected
dental apical infection, the clinician needs to know firstly, how
likely are there to be dental radiographic changes if there is
an apical infection, i.e. sensitivity, and secondly, if there are
apical changes in a tooth, how likely is it that the tooth has an
apical infection, i.e. specificity.

Search strategy
A literature search using PubMed and Google Scholar was
conducted of studies relating to dental disease and
radiography.

Quantity of evidence
There were only 3 scientific papers that specifically
investigated the accuracy of radiographic changes observed
in equine dental apical infections.

Quality of evidence
The papers included a retrospective observational study
(Gibbs and Lane 1987) and 2 blinded case–control studies
(Weller et al. 2001; Townsend et al. 2011). The 2 earlier studies
used conventional film radiography, whereas the more recent
study used computed radiography. In the paper by Gibbs and
Lane (1987) they had 40 cases of dental apical infection.
Radiographic changes were observed in all the cases
involving the rostral 3 cheek teeth (PM2–PM4), but only in 50%
of cases involving the caudal 3 cheek teeth (M1–M3).
Radiographic changes observed included gross changes such
as dental malposition and crown defects, which were seen in
12 cases. More radiographic specific changes such as
radicular distortion, periapical lucency, cementosis and
localised maxillary osteitis/sclerosis were also observed in the
majority of cases. Due to the inclusion of gross changes and
the poor definition of dental disease, this study has limited
value in determining the true sensitivity and specificity of
radiography.

In the paper by Weller et al. (2001), radiography was
compared to scintigraphy in the diagnosis of dental disease.
Twenty-two cases with confirmed dental related disease were
compared to case–control cases. Radiography was found to
have a low sensitivity (51.5%) and a high specificity (95%). This
study found that if radiology was positive, the predictive value

of dental disease was 87.7%; however, there was still a 27%
probability of dental disease even if the radiology was
negative. Scintigraphy had a much higher sensitivity (95.5%)
with a moderate specificity (86.4%).

In the study by Townsend et al. (2011), 41 cases of
dental apical infections were compared to case controls
and the radiographs evaluated blindly by 3 clinicians. The
radiographic changes were defined as 12 predetermined
findings, previously described with apical disease. In this study
the sensitivity for radiography of apical infections was 76% and
the specificity 90%. Periapical halo formation and root
clubbing were the most sensitive findings (73–90%), but they
had moderate specificities (61–63%). This study specifically
compared radiographic changes in horses with and without
dental apical infection. It also did not show any significant
difference in the radiographic detection of apical infection
between rostral and caudal cheek teeth, or maxillary and
mandibular cheek teeth.

Can this evidence be applied in my
clinical scenario?
The first study by Gibbs and Lane (1987) did not provide strong
evidence for the sensitivity of radiography for apical infections,
although the latter 2 articles did (Weller et al. 2001; Townsend
et al. 2011). Overall the findings of these 2 studies confirm that
radiography has only moderate sensitivity in detecting dental
apical infections in horses, i.e. radiography may be negative in
24–27% of cases with an apical infection. On the contrary the
specificity is better, with only 10–13% of cases with radiographic
changes, not having apical infections. Furthermore, if a
case has an apical infection, confirmed by clinical/oral
examination and/or scintigraphy, radiography is still useful to
determine other abnormalities such as sinus involvement or
cementoma formation.

Clinical message and primary data sources
Radiography is not a hindrance in the investigation of dental
disease and is an essential part of the diagnostic work-up
of a suspected apical infection. As long as the clinician
understands the limitations of radiography, and applies them
in clinical practice, radiography is still an easy and useful tool
for equine apical infections.
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American Pharoah, the 12th winner in the history of the 
Triple Crown® and winner of the 2015 Breeders’ Cup Classic!

INDICATIONS
For the intramuscular treatment of non-infectious degenerative and/or traumatic joint dysfunction and associated lameness of 
the carpal and hock joints in horses.

IMPORTANT SAFETY INFORMATION
There are no known contraindications to the use of intramuscular Adequan® i.m. brand Polysulfated Glycosaminoglycan in 
horses. Studies have not been conducted to establish safety in breeding horses. WARNING: Do not use in horses intended for 
human consumption. Not for use in humans. Keep this and all medications out of the reach of children. CAUTION: Federal law 
restricts this drug to use by or on the order of a licensed veterinarian.

Please see Full Prescribing Information at www.adequan.com.

The ONLY FDA approved equine PSGAG for 
the intramuscular treatment of non-infectious 
degenerative joint disease (DJD) of the carpal 
and hock joints proven to: 

• DIMINISH the destructive processes of 
degenerative joint disease 

• REVERSE the processes which result in the 
loss of cartilage components

• IMPROVE overall joint function and 
associated lameness

Available for order! For more information 
about equine joint health and treatment with 
Adequan® i.m., please visit www.adequan.com.

http://www.adequan.com
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Big one-shot combination vaccines may save time. But it can be at the expense of the horse’s immune  
response. A study showed that vaccinating with WEST NILE-INNOVATOR® and FLUVAC INNOVATOR® generated 
four times the immune response to West Nile virus than that produced by a big one-shot combination vaccine.1 
For an increased immune response, give WEST NILE-INNOVATOR and FLUVAC INNOVATOR. After all, what  
you could save is a lot more important than time. Visit FourTimesMore.com.

SOME THINGS PROMISE MORE THAN THEY DELIVER.

1 Cortese V, Hankins K, Holland R, Syvrud K. Serologic responses of West Nile virus seronegative mature horses to West Nile virus vaccines. J Equine Vet Sci. 2013;33:1101-1105.
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”I recommend ColiCare 
for all of my patients,

and my own horses are enrolled, too!”
 —Marsha Severt, DVM
 Brown Creek Equine Hospital

ColiCare puts you back at the center of the 

horse’s wellness care and provides up to 

$7,500 of reimbursement to help ease the 

fi nancial burden of colic surgery. 

SmartPak.com/ColiCare  |  1-800-461-8898

http://www.SmartPak.com/ColiCare

