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Meet 2018 AAEP President Dr. Margo Macpherson

Hometown: Detroit, Mich.
Degree: DVM, Michigan State University, 1990; Residency 
training (DACT) and Master’s degree, Texas A&M
Current Residence: Micanopy, Fla.
Current Position: Tenured professor of reproduction at 
the University of Florida College of Veterinary Medicine

Describe how you ventured into 
equine veterinary medicine. 

I have had a longstanding love 
of horses and the outdoors, so 
practicing equine veterinary 
medicine was a natural choice
for me. During my school years, 
I attended horseback riding 
camp, took riding lessons and 
worked as a wrangler on a dude 
ranch in Colorado. Interestingly, 
I grew up in a suburban area so 
I never owned my own horse. 
Once I entered veterinary 
school, I was inspired to pursue 

a life dream of becoming an equine veterinarian by the 
many outstanding faculty members at Michigan State 
University. 

What issues in equine veterinary medicine are top 
priorities for you and why? 

From a global perspective, I am dedicated to finding 
creative solutions for young equine practitioners so that 
they have sustainable work lives and personal lives. Being 
an equine practitioner is tremendously rewarding but also 
personally demanding. Implementing change to our 
current work paradigm is a priority to ensure our future 
equine veterinary workforce. 

On a more local level, I am dedicated to addressing 
critical equine welfare issues such as the dramatic over-
population of wild horses and burros in the western 
United States. This and other potential welfare topics will 
be examined this spring during an AAEP welfare planning 
session to prioritize issues that the AAEP will address. 

How has your AAEP membership influenced your career? 

As a baby boomer, I grew up in an era of community. The 
AAEP, and organized veterinary medicine, represents a 
community of like-minded, intelligent individuals that 
share the goals of ensuring and improving the health of 
horses. The members of the AAEP are my trusted 

resources, advisors, mentors and, most importantly, my 
friends. Having a network of almost 10,000 people to 
draw from for both professional and personal advice is 
tremendously comforting. It is through these relationships 
that I have grown as a veterinarian.

How have your experiences as a veterinarian and AAEP 
member prepared you to lead the association? 

Equine veterinarians are, by nature, critical thinkers and 
decision makers. We make daily decisions that affect 
horses and their owners, with both positive and negative 
consequences. These characteristics are important in a 
leadership role. My activities within the AAEP, particular-
ly serving on the Educational Programs Committee, 
Student Programs Committee and board of directors, 
have educated me about the AAEP’s core values and 
mission. In addition, my service in the AAEP has helped 
me understand the fundamental operation of the organi-
zation. Organizational mission and operation must 
remain fluid but aligned for an organization to remain 
vital. My professional experiences have taught me to be a 
creative problem solver but to function with the health of 
the organization (and its members) as a No. 1 priority. 

What are you most proud of during your veterinary 
career? 

By far and away, the most satisfying thing that I have 
accomplished in my veterinary career is inspiring young 
people about being the best veterinarian they can be. I 
think that I do this through my own passion about what I 
do on a daily basis. My passion is derived not only from 
helping horses but also from knowing and helping 
owners. 

What’s the best piece of advice you’ve ever been given? 

The best advice that I have been given is to pursue my 
dreams no matter how insurmountable the obstacles may 
seem. This has taught me the value of determination and 
creativity when problem-solving. These factors are funda-
mental principles in veterinary medicine. 

Please describe your interests outside of veterinary 
medicine. 

With school age children (11 and 15), family activities 
are central to our daily existence. In addition to being 
both a soccer and dance mom, I love to explore the 
outdoors, travel, ski, share good food with friends, read 
and pet my cats. 

Dr. Margo Macpherson
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Highlights: 

Have confidence and be open to reasonable client requests.

Losing clients whose requests compromise your integrity is 
best in the long run.

Seek input from colleagues when unsure of your decision 
on a case.

What is ethical practice? According to the AVMA, one of 
the main principles of veterinary medical ethics is that “a 
veterinarian shall be influenced only by the welfare of the 
patient, the needs of the client, the safety of the public, and 
the need to uphold the public trust vested in the veterinary 
profession...” 

A common problem among young and 
senior veterinarians alike is trying to 
practice ethically and still succeed in 
business. Equine practice, in particular, 
frequently involves competitive athletes and 
their human connections. Though usually 
well-meaning, these connections sometimes 
have expectations that can conflict with 
practicing ethically. So how do we keep our 
clients happy while being able to sleep at 
night, knowing we didn’t compromise our 
integrity? I believe it all comes down to 
client selection and communication. In my 
short 15 years of practicing on the 
racetrack, I have definitely encountered these issues and 
can share some advice that helped me navigate these 
situations. 

First, have confidence in yourself. If you carry yourself 
well, speak well and represent well, clients will pick up on 
that and will know they can’t manipulate you to perhaps 
do something you don’t want to do. It also helps give a 
new vet credibility. If you present yourself well and look 
prepared for the job, clients will be more likely to take a 
chance on you and let you do a procedure they deem more 
advanced. 

Next, choose your battles. We all know there is more than 
one way to treat conditions. If a client wants to try a 

treatment regimen that isn’t necessarily my first choice but 
isn’t going to hurt the animal, I will usually go along with 
it. They appreciate that I am working with them and their 
ideas; if it doesn’t work, they will usually let me try the 
way I prefer next. Also, they know that if I insist on going 
with my treatment plan first then I must have good 
reasons, and they are more likely to listen. It is all part of 
building a good working relationship between client and 
veterinarian. 

There will be times when your ethical beliefs directly 
conflict with how the client wants the horse treated. You 
must be confident enough to say no. Don’t get nasty with 
the client, even if they trend that way; just stay your 
course. They will either respect the answer and leave it 
alone or they may find another veterinarian to do it. 

You have to accept the fact that you are not going to keep 
all of your clients. You can try your best to educate them 
as to why you would prefer not to do the things they are 
asking but, ultimately, it simply comes down to an incom-

patible work relationship. It isn’t easy to be 
fired—emotionally nor financially—but it 
isn’t worth compromising your integrity. In 
the end, it is OK and for the better. You will 
eventually weed out the clients that just 
don’t belong in your practice and, hopefully, 
attract and cultivate clients that jive with 
the way you want to practice. 

Finally, I encourage younger veterinarians to 
find support from your partners, associates, 
and/or bosses. Talk to them about a 
particular case if you are unsure that your 
decision is correct. They may have a 
different take and help you to either see 
where the client is coming from or validate 

your decision. However, if they make you do things that 
you are not comfortable with, you may have to find a new 
job where you can practice in a culture that is more 
aligned with your beliefs. It isn’t always easy, but you will 
never thrive as a veterinarian if you aren’t happy. 

These are just my opinions and how I try to carry myself 
in my career. Everyone is a different. 

Dr. Langsam is a partner in Teigland, Franklin and 
Brokken, DVM’s, Inc., and a member of the AAEP’s 
Racing Committee. Her term on the Professional Conduct 
and Ethics Committee concluded in 2017.
 
 

Ethics: How to practice ethically and keep your clients

By Sara Langsam, VMD

Dr. Sara Langsam
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Updated Infectious Disease Control Guidelines, including 
newly created guidelines for Rhodoccocus equi, have 
been published by the Infectious Disease Committee and 
are available on the AAEP’s website.

Most of the changes to established guidelines pertain to 
updating sampling and control measures. The committee 
also updated suspected case guidelines for respiratory, 
neurologic and clostridial diarrhea to outline appropriate 
actions and steps for suspected cases; and several 
resource documents for sampling and equine herpesvirus.

Rhodococcus equi has been added to the existing list of 
available infectious disease guidelines. According to Dr. 
Peter Morresey, 2017 chair of the Disease Guidelines sub-
committee, “Rhodococcus equi remains a significant 
disease of growing foals despite considerable research 
into its treatment and prevention. These new guidelines 
incorporate current thinking and a systematic approach 
balancing diagnostics, therapeutics and economics.”
 
All of the guidelines have been reformatted for improved 
consistency and navigation. The guidelines documents are 
now available as PDFs, enabling practitioners to save the 

guidelines to their portable devices for access offline in 
the field. They also contain links to other resources on all 
disease conditions for AAEP members wanting additional 
reference material.

Visit aaep.org/guidelines/infectious-disease-control to 
view the new and updated guidelines or to save them to 
your phone or tablet for future reference. 

AAEP updates infectious disease guidelines, addresses Rhodococcus equi  
Guidelines now more readily accessible in the field

Rhodococcus equi is the most serious cause of pneumonia in 
young foals.

Fulfilling the AAEP’s mission would be impossible without the dedicated service of member volunteers. The AAEP 
thanks the following members whose volunteer service on the board of directors or on a council, committee or Round 
concluded in 2017.

AAEP recognizes the service of outgoing member volunteers

Board of Directors
Dr. Kathleen Anderson
Dr. Jack Easley
Dr. Robert Franklin
Dr. Vivian Freer
Dr. Katie Garrett

Foundation Advisory 
Council
Dr. Kent Carter
Dr. Jack Easley
Dr. Leslie Easterwood

Welfare & Public Policy 
Advisory Council
Dr. Mark Akin
Dr. Kent Carter
Dr. Brad Jackman
Dr. Cynthia MacKenzie
Dr. Carolyn Weinberg

Educational Programs 
Committee
Dr. Carolyn Arnold
Dr. Berry Ball
Dr. Luke Bass
Dr. Kristin Chaney
Dr. Casey Gruber
Dr. Caleb Harms
Dr. Amy Johnson
Dr. Grant Rezabek
Dr. Kurt Selberg
Dr. Tracy Turner
Dr. Dana Zimmel

Leadership Development 
Committee
Dr. Brian Carroll
Dr. Rachel Cezar
Dr. Katie Flynn
Dr. Mike Gotchey
Dr. Melissa Hines
Dr. Al Kane
Dr. Dan Keenan

Dr. David Ramey
Dr. Anne Rashmir-Raven
Dr. Mitchell Rode
Dr. Nathan Voris

Nominating Committee
Dr. Jeff Blea
Dr. Rob Franklin
Dr. Wendy Vaala

Professional Conduct & 
Ethics Committee
Dr. Nancy Diehl
Dr. Faith Hughes
Dr. Sara Langsam
Dr. Nat Messer
Dr. Karen Nyrop
Dr. Eric Peterson
Dr. David Ramey
Dr. Tom Riddle

Racing Committee
Dr. Alan Chastain

Dr. Scott Hay
Dr. Keith Latson
Dr. Foster Northrop
Dr. Andy Roberts
Dr. Mary Scollay

Rounds Moderators
Dr. Peter Blauner
Dr. Erin Denney-Jones
Dr. Kelly Giunta
Dr. Amy Grice
Dr. Josh Hall
Dr. Ryan Lee
Dr. Eric Martin
Dr. Ernie Martinez
Dr. Adrienne Otto
Dr. Nicola Pusterla
Dr. Jennifer Reda
Dr. Vernon Robertshaw
Dr. Charlie Scoggin
Dr. Tracy Turner
Dr. Jeremy Whitman
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Touch Point: Use a survey to determine new services to offer your clients

AAEP market research revealed that 
20% of your clients would use you 
more if you offered more services. 
This is extremely positive news for 
equine practice. 

How do you identify the services your clients want you  
to provide?

sent post-visit or annually can be the tool through 
which you learn what your clients want.

when someone in the practice is dedicated to 
evaluating the responses. Online survey tools like 
SurveyMonkey are cost-effective, tabulate the 
responses for you and make the process simple. The 
human brain trust in the practice will still need to 
determine what the survey data may mean for your 
mix of client services.

 To add or not to add, that is the question. Offering a 
new service may require staff training, purchasing a new 
piece of equipment or hiring a veterinarian with the 
required skill set. There are simple formulas that can 
help you determine if the benefit in terms of revenue 
exceeds the cost of adding the service to your menu.

The Touch program provides the easy-to-use tools you 
need to survey your clients. Visit touch.aaep.org to choose 
from several resources:

Log in to the Touch website using the same username and 
password as you use for aaep.org. The Touch program is 
exclusively available to AAEP members. 

AAEP Working For You

AAEP On Call
Dr. Kathy Anderson – Haskell Invitational from Monmouth 

Park
Dr. Jeff Blea – Pacific Classic from Del Mar 
Dr. Steve Carr – Jockey Club Gold Cup from Belmont Park
Dr. Luis Castro – Whitney Handicap, Test Stakes, Sword 

Dancer Stakes and Travers Stakes from Saratoga Race 
Course

Dr. Lisa Fortier – Woodward Stakes and Spinaway Stakes 
from Saratoga Race Course

Dr. Celeste Kunz – Hambletonian from the Meadowlands
Dr. Keith Latson – Kentucky Oaks and Kentucky Derby 

from Churchill Downs; Black Eyed Susan and 
Preakness Stakes from Pimlico Racecourse; Belmont 
Stakes, Metropolitan Mile and Odgen Phipps Stakes 
from Belmont Park

Dr. Scott Palmer – Belmont Oaks and Suburban Handicap 
from Belmont Park; Breeders’ Cup World 
Championships from Del Mar

Dr. Al Ruggles – Stephen Foster Handicap and Fleur de Lis 
Stakes from Churchill Downs; Breeders’ Cup World 
Championships from Del Mar

Dr. Mary Scollay – Arlington Million and Beverly D from 
Arlington Park; Breeders’ Futurity, Shadwell Mile 
Dixiana Bourbon Stakes and Juddmonte Spinster Stakes 
from Keeneland

Ask the Vet
Dr. Benjamin Espy – Western Performance and Rodeo 

Horse
Dr. Lydia Gray – Equine Nutrition
Dr. Shanna Nelson – General Equine Health

Dr. Rebecca Stinson – Summer Horse Care 
Dr. Christine Tuma – Winter Horse Care 
Dr. Terri Van Wambeke – Sport Horse Injuries
Dr. Bruce Whittle – Equine Dental Care

Essential Skills Workshops (Dentistry)
Dr. Lynn Caldwell – Purdue University
Dr. Stephen Galloway – North Carolina State University
Dr. Jon Gieche – University of Minnesota
Dr. Scott Marx – Colorado State University
Dr. Gordon Plotts – Washington State University
Dr. Elizabeth Schilling – Western University of Health 

Sciences
Dr. Bruce Whittle – Purdue University and North Carolina 

State University

Essential Skills Workshops (Podiatry)
Dr. William Brown – Ohio State University
Dr. Fred Caldwell – University of Guelph
Dr. Randy Eggleston – Auburn University
Dr. Craig Lesser – University of Illinois
Dr. Steve Naile – University of Missouri

AAEP Foundation Scholarship Reviewers

Thanks to the following AAEP members who volunteered time and expertise for AAEP programs or on behalf of the 
AAEP during the period May-December 2017:

Dr. Anthony Blikslager
Dr. Hoyt Cheramie
Dr. Cynthia Cole
Dr. Reynolds Cowles, Jr. 
Dr. Leslie Easterwood
Dr. Jenifer Gold
Dr. Lisa Grim

Dr. Lauren Kleine 
Dr. Lisa Metcalf
Dr. Barbara Page
Dr. Eric Peterson
Dr. Nat White
Dr. Suzi White

continued on page VII

http://touch.aaep.org
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Nominate a distinguished researcher for the 2019 Frank J. 
Milne State-of-the-Art Lecture, a traditional highlight of the 
annual convention.

The lecture is a perspective on the state-of-the-art in the 
presenter’s area of expertise and is intended to honor the 
accomplishments of the presenter and provide a meaningful 
learning experience to the AAEP membership.

Nominees should be an expert in their field with a track 
record of accomplishment and the ability to relate the topic 
to the audience. A nomination form may be requested from 
Carey Ross, scientific publications coordinator, at cross@
aaep.org. The form must be completed, including qualifica-
tions and accomplishments of the nominee, and returned by 
Jan. 31. 

Help determine the 2019 Milne Lecturer 
Nominations due January 31

Dr. Padraic Dixon speaks on the topic of equine dentistry 
during the 2017 Milne Lecture.

The AAEP’s 64th Annual Convention may not be front 
and center in the minds of many; however, those who 
hope to present their research during the 2018 meeting in 
San Francisco, Calif., Dec.1–5, need to submit their 
papers for consideration by 3:00 p.m. ET on March 15. 

Eligible for consideration are scientific papers, “how-to” 
papers, review papers, abstracts ≤ 250 words and The 
Business of Practice papers. All paper presentations are 
limited to 15 minutes with an additional 5 minutes for 
Q&A.

Submit papers at http://aaep2018.abstractcentral.com. 
Authors should visit the site in advance to set up a profile 
and provide paper and author information before 
uploading the paper when it is finished. Complete consid-
erations and ethical guidelines are available in the 
Instructions for Authors available on the site. 

Share your research at the 2018 convention in San Francisco

The San Francisco skyline at night.
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AHC Annual Meeting
Dr. Jerry Black
Dr. Reynolds Cowles
Dr. Tom Lenz
Dr. Cynthia MacKenzie
Dr. Margo Macpherson
Dr. Nat White

AVMA Legislative Advisory Committee Meeting
Dr. Miles Hildebrand

Utah State University Wild Horse Summit
Dr. Doug Corey
Dr. Margo Macpherson
Dr. Bruce Whittle

AAEP Working For You, continued

mailto:cross@aaep.org
http://aaep2018.abstractcentral.com
mailto:cross@aaep.org
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AAEP-member practices recognized for newcomer outreach

Ja
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hThe 2017 Time to Ride Challenge concluded Sept. 30 
with more than 22,000 new horse-human interactions, 
and two AAEP-member practices were among the 
leading hosts.

Alpine Animal Hospital in Carbondale, Colo., placed 
seventh in the small division by introducing 425 
newcomers to horses. This marked the practice’s third 
consecutive year in the top 10. Southwest Texas 
Veterinary Medical Center in Uvalde, Texas, placed ninth 
in the large division with 275 hands-on introductions to 
horses in the practice’s first year of participation.

“Participating in Time to Ride seemed like a natural fit 
because we’re always looking for ways to serve and be 
involved in the community as well as educate people 
about animals in general,” said Dr. Tracy Colvin, partner 
in Southwest Texas Veterinary Medical Center.

The practice held five events between May and August: a 
vet story hour at the library that included a live pony for 
the children to interact with; practice tours for the Girl 
Scouts and 4-H; and trips with horses to a pair of private 
schools where the students could gain hands-on 
experience.

Launched in 2014, the Time to Ride Challenge has 
provided a hands-on introduction to horses and riding to 

more than 117,000 children with little to no horse 
experience. Time to Ride is an initiative of the American 
Horse Council’s marketing alliance, of which the AAEP 
is a member, to connect parents with family-friendly 
horse activities in their area. Visit timetoride.com for 
more information.

A young girl brushes a horse during an Alpine Animal 
Hospital Time to Ride event at the Carbondale Wild West 
Rodeo.

Dr. Kathy Grimes in strong performance at first NFR 

appearance 

Dr. Kathy Grimes, founding owner of 
Grimes Veterinary Service in Medical 
Lake, Wash., fulfilled a longtime 
dream by qualifying for and 
competing in the barrel racing event 
at the Wrangler National Finals 
Rodeo (NFR) in Las Vegas, Nev., in 
December.

In 10 runs over 10 days at the NFR, 
the Washington State University 
graduate earned $17,769 to finish 

12th in the final world standings with 2017 earnings of 
$150,978.

The two horses she competed on throughout the year  
are products of her embryo transfer and breeding 
program. Watch a video of her journey to the NFR at 
https://youtu.be/p36DLEsiRhE. 

Dr. Jerry Billquist honored for care of rodeo livestock

The Professional Rodeo Cowboys 
Association honored Dr. Jerry Billquist 
as the Zoetis PRCA Veterinarian of the 
Year for his longtime dedication to the 
health and welfare of rodeo livestock. 
He was honored Dec. 6 at the PRCA 
Awards Banquet in Las Vegas, Nev.

Dr. Billquist has been the on-site and 
head veterinarian for the Montana 
PRCA Pro Rodeo Circuit Finals for 
more than 25 years. He received his 
veterinary degree from Colorado State University and 
practices with Boerne Stage Veterinary Clinic in San 
Antonio, Texas. 

Dr. Kathy Grimes
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Dr. Jerry Billquist

http://www.timetoride.com
https://youtu.be/p36DLEsiRhE
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Welcome new members, and congratulations recent graduates

New Members:
Alyson Hall Ainsworth, DVM, Ranson, WV
Alana M. Alpern, DVM, Berkeley, CA
Frances Bowling, DVM, Marble Falls, TX
Alejandro Carrillo Mendoza, DVM, Zapopan, Mexico
Kristen Kelly Darragh, DVM, Brewster, NY
Lee Eun-Bee, DVM, Jeju-Si, Jeju-do, Korea, Dem People’s Rep
Meredith Flash, DVM, Heidelberg Heights, VIC, Australia
Paulo Eduardo Fonseca Loureiro, DVM, MSc, Parsippany, NJ
Robert L. Garcia, DVM, Corsicana, TX
Matthew Henrie, BSc, DVM, Salmon Arm, BC, Canada
Jace Hill, DVM, Layton, UT
Jason Murray Holloway, DVM, Church Point, LA
Sandy Larson, DVM, Jordan, MN
Donald MacLeod, DVM, Talkeith, ON, Canada
Melinda Jane Mayfield, DVM, Columbus, KS
Caroline O’Brien, DVM, Yamhill, OR
Krystle O’Cull, DVM, Lansing, MI
Mario Pineda, VMD, Santiago, Chile

Lucia Rangel, MVZ, Mexico City, Mexico
Jorge Rodriguez Lezama, MVZ, Atlixco, Puebla, Mexico
Eduardo Ruben Sanchez, DVM, Kingsville, TX
Sandrine Serfaty, DVM, Sotogrande, Spain
Jennifer M. Sprague, DVM, Pipe Creek, TX
Wim JG Van Dijck, DVM, Hilvarenbeek, Netherlands
Tom Van Dyck, DVM, Courtney, BC, Canada
Marla Jean Van Dyke, DVM, Giddings, TX
Carlos Eduardo Veiga, DVM, Rio De Janeiro, Brazil
Sharon Yeagle, DVM, Marshall, MO

Recent Graduates:
Rebecca Anne Christel, BS, DVM, Lexington, KY
Lindsey Marie Hall, DVM, Bloomington, IN
Lauren Hefton, DVM, Tucson, AZ
Katherine Marie Marraccini, BS, DVM, Trafford, PA
Rachael Needles, DVM, Aylmer, ON, Canada 
Jane Anne Snead, DVM, Ashland, VA

Several AAEP members have been featured in recent newspaper articles—spotlighting rural practice on a Native American 
reservation, a day in the life of a large animal veterinarian still going strong at age 75, and a venerable South Dakota 
practice and its longtime owner. Point your browser to the websites listed below to read more about your professional 
colleagues.

Dr. Eric Davis
“The horses on Standing Rock get a checkup” – https://tinyurl.com/anh1181

Dr. Fred Hess
“Big patients: Fred Hess, large-animal veterinarian” – https://tinyurl.com/anh1182

Dr. John Ismay
“Celebrating 65 years of service: Sturgis Veterinary Hospital & Equine Center”
https://tinyurl.com/anh01183

Members in the headlines

Dr. Fred Hess

Amazon has Alexa. AAEP has Megan. No tabletop digital assistant that will set you back $50 or 
more, Megan is Megan Gray, a seven-year veteran of the AAEP staff who has been a valuable member 
asset on the switchboard and is even more so now in her new role as member concierge. 

In this position, Megan is a dedicated resource for helping you get the most out of your AAEP 
membership and assisting with any questions you may have. Simply call (859) 233-0147 and ask for 
Megan.

Need help signing up for The Veterinary Club group purchasing program? Call Megan. Want to save 
on a John Deere product? Call Megan. Unsure how to use the Texas A&M document retrieval service? 
Call Megan. Don’t have time to go online and update your preferences on the Volunteer Interest 
Form? Call Megan. Need a plumber to unclog a drain in your house? Speak to Alexa.

Ask for Megan, your AAEP member concierge

Megan Gray
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https://tinyurl.com/anh1182
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A $295 million settlement has been reached in a class action lawsuit against 
medical waste disposal company Stericycle, Inc., that will affect many U.S. 
veterinary medical facilities. You may be eligible to receive a settlement if you 
were a small quantity medical waste customer of Stericycle between March 8, 
2003, and October 26, 2017, and your prices were increased as the result of an 
automated price increase.

AAEP members who receive a settlement notice in the mail regarding their rights 
and potential claims as a potential class member are encouraged to review the 
material to determine the best way to proceed. In addition to mailing materials to 
class members, the parties to the lawsuit have set up stericycleclassaction.com, 
which contains comprehensive information about the lawsuit, the settlement, who 
may submit a claim and how to submit a claim. 

Veterinarians among class members of $295 million settlement with Stericycle

Help mitigate the potential for unwanted horses upon the death of a client by alerting 
them to the availability of “Estate Planning: A Guide for Equine Owners,” a new publi-
cation from the Unwanted Horse Coalition (UHC). 

“Unfortunately, the UHC receives quite a few calls about horses whose owners have 
passed away, and the next of kin or friend is unsure what exactly to do with the horse, 
or even lacks the knowledge to care for the horse,” said UHC Director Ashley Furst. 

The guide examines setting up a trust versus naming horses in a will, the different types 
of trusts available as well as other considerations such as registration papers and 
medical records for the horse, equipment, land and the equine business. It is not meant 
to replace an equine attorney to guide one through the details of estate planning 
involving horses.

The brochure is available as a PDF at unwantedhorsecoalition.org/uhc-materials. Hard 
copies are available from Ashley Furst at afurst@horsecouncil.org. 

Curb unwanted horse risk among clients with new brochure

For more than 20 years, Platinum Performance has been providing nutritional formulas that augment veterinary 
protocols to maintain wellness, improve athletic performance and support recovery in equine patients with a wide 
variety of health conditions. Originally developed to help speed healing in patients at Alamo Pintado Equine Medical 
Center, Platinum Performance formulas are based on clinical research in universities as well as veterinary practices 
across the country. 

Every case you see can be optimally supported with the right nutrition plan. We strive 
to provide a custom nutritional solution for each of your patients. The first step in 
prescribing the right support is choosing from the three wellness formulas: Platinum 
Performance Equine®, Platinum Performance CJ®, or Platinum Performance GI®. In 
addition, Platinum Performance offers a full line of advanced support formulas for 
targeted needs that are formulated to be administered with any of the wellness formulas. 

Visit platinumperformance.com or call (866) 553-2400 to learn about the many ways Platinum Performance can support 
your patients.

AAEP Educational Partner Profile: Platinum Performance®

http://www.stericycleclassaction.com
http://www.unwantedhorsecoalition.org/uhc-materials
mailto:afurst@horsecouncil.org
http://www.platinumperformance.com


EQUINE VETERINARY EDUCATION / AE / JANUARY 2018 XI

Did you know that every 
time you choose Merck 
Animal Health vaccines, 
you’re helping care for a 
horse in need through the 

Unwanted Horse Veterinary Relief Campaign (UHVRC)? 
What began in 2008 as a nonprofit partnership between 
Merck Animal Health and the AAEP has today grown to 
an impact of more than $1 million and thousands of 
vaccine donations for horses in rescue. 

“This milestone would not be possible without the tireless 
commitment of the AAEP and its member veterinarians,” 
said Ron McDaniel, Merck Animal Health director of 
equine sales and program co-founder. “This program 
epitomizes so much of what we believe in as an organiza-
tion and equine team, which boils down to doing the best 
we can every day to protect the health and well-being of the 
horse. We look forward to another 10 years of partnership.”  

Notable milestones of the program’s 10-year history include 
more than:

donations

retirement facilities in 42 U.S. states

The UHVRC provides qualifying equine facilities with 
Merck Animal Health vaccines to protect against eastern 
equine encephalitis, western equine encephalitis, equine rhi-
nopneumonitis (EHV-1 and EHV-4), West Nile virus, equine 

influenza, tetanus and rabies. To qualify for donated 
vaccines, facilities must have 501(c)(3) tax-exempt status, 
follow the AAEP Care Guidelines for Equine Rescue and 
Retirement Facilities, and work with an AAEP-member vet-
erinarian to apply. The deadline for 2018 vaccine donation 
applications is Feb. 1. 

To learn more and get involved, visit uhvrc.org or talk to 
your Merck Animal Health sales representative. 

UHVRC celebrates 10 years helping horses in need
2018 application deadline is February 1

Bedford Road, an 18-year-old Thoroughbred gelding and 
favorite of the Equine Facilitated Learning program at 
Second Chance Ranch in Davenport, Wash., is among the 
thousands of horses that have received core vaccines 
through the UHVRC.
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A preliminary report of findings from the  

Convention revealed that new equine veteri-
narians enter the profession carrying $11,407 
less in student debt than veterinary graduates 
entering other types of practice. Based on data 

practitioners has increased at an annual rate of 

practice areas. However, despite less average 
debt, new equine veterinarians have a higher 
debt-to-income ratio due to lower salaries. The 
final survey report is expected in early 2018.

Equine veterinary student debt smaller, growing slower than other practice areas

http://www.uhvrc.org
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British racing to denote first start since wind surgery

Beginning Jan. 19, racecards in Great Britain will be able to 
denote when a horse is racing for the first time after having 
undergone one of five wind surgeries: tie back, hobday, 
epiglottic surgery, tie forward and soft palate cautery. 

Declaration of wind surgeries will only be required for horses 
that have previously raced; the rule will apply to every horse 
racing in Great Britain regardless of the country in which it is 
trained. A horse that undergoes wind surgery on multiple 
occasions will require a declaration after each instance. 
Suspected non-compliance could result in the British 
Horseracing Authority accessing horses’ veterinary records 
and other information as part of the investigative process. 

Visit https://tinyurl.com/bhawind for more information.
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Veterinarians are needed across North 
America to complete on-site inspections 
of TAA accredited organizations.  As a 
veterinarian and member of the AAEP, 
your expertise and knowledge is valu-
able to the success of the TAA.  Services 
provided will be acknowledged by the 
TAA as an in-kind charitable donation.

 
Contact Suzie Oldham at  

(859) 224-2708 or  
soldham@thoroughbredaftercare.org 

for more details.

www.thoroughbredaftercare.org 

 

Your Time Is  
Valuable To Us

https://tinyurl.com/bhawind
http://www.thoroughbredaftercare.org
mailto:soldham@thoroughbredaftercare.org
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Supports prevention and treatment of 
colic, diarrhea, gastric/colonic ulcers,  
and hindgut imbalances.

• Maintains normal stomach pH,
reducing risk of gastric ulcers

•  Supports a healthy hindgut so  
microbial imbalances and colonic  
ulcers are less likely to occur 

• Sustains growth and activity of
beneficial bacteria

•  Supports reduced inflammation  
and the healing of damaged tissue

Recommended for horses  
of all ages that are:

•  At risk for developing colonic and/or  
gastric ulcers due to lifestyle, disposition  
or past history

• Consuming high-grain diets and therefore
susceptible to grain overload and  
hindgut acidosis

• Convalescing after surgery

• Recovering from illness or injury

• Suffering from episodes of diarrhea

• Undergoing antibiotic therapy

Neigh-Lox® 
ADVANCED

Developed by:

KPPusa.com

Available through all  
major veterinary suppliers.

For more information, call KPP:

800-772-1988

EVE 20

http://www.KPPusa.com


Peer reviewers in 2017

The following colleagues gave their time to peer review in the 12 months from October 2016 to October 2017, for which we are
very grateful.

Adam, Emma
Ahern, Benjamin
Ainsworth, Dorothy
Albright, Julia
Alcott, Cody
Allbaugh, Rachel
Allen, Kent
Anderson, Jonathan
Andrews, Frank
Archer, Debbie
Austin, Scott
Back, Willem
Bailey, Scott
Barakzai, Safia
Barnett, Timothy
Barrett, Myra
Bathe, Andy
Belknap, James
Berlin, Dalia
Bertone, Joseph
Bladon, Bruce
Blikslager, Anthony
Bolt, David
Borde, Laura
Bowen, Mark
Brooks, Dennis
Brounts, Sabrina
Bryant, Jim
Bubeck, Kirstin
Buchanan, Ben
Buchheit, Teresa
Burden, Faith
Busschers, Evita
Cadiergues, Marie-Christine
Card, Claire
Carlson, Nicholas
Carmalt, James
Carr, Elizabeth
Carslake, Harry
Castagnetti, Carolina
Cavalleri, Jessika
Chaffin, Keith
Chope, Kate
Christmann, Undine
Christoffersen, Mette
Cian, Francesco
Claunch, Kevin
Clode, Alison
Cohen, Noah
Collins, Niamh
Conwell, Rachael
Coudry, Virginie
Crabtree, James
Crevier-Denoix, Nathalie
Crowe, Oliver
Daniels, Simon
Dascanio, John

Davidson, Elizabeth
de Mestre, Amanda
Dechant, Julie
Dixon, Jonathon
Dixon, Paddy
Doles, James
du Toit, Nicole
Dunkel, Bettina
Durham, Myra
Dwyer, Ann
Dyson, Sue
Ellis, W
Ensink, Jos
Fayrer-Hosken, Richard
Fernandes, Claudia
Fews, Debra
Fiske-Jackson, Andrew
Fogle, Callie
Foreman, Jon
Fortier, Lisa
Freeman, Claire
Freeman, David
Frisbie, David
Furr, Martin
Gee, Erica
Giguere, Steeve
Gold, Jenifer
Gorvy, Dylan
Gracia Calvo, Luis
Grinwis, Guy
Grulke, Sigrid
Gush, Chris
Gutierrez-Nibeyro, Santiago
Hackett, Eileen
Haggett, Emily
Hallowell, Gayle
Hanson, Reid
Hassel, Diana
Hawkins, Jan
Hawson, Lesley
Hendrickson, Dean
Hepburn, Richard
Hewes, Christina
Hollis, Anna
Isgren, Cajsa
Jacobs, Carrie
Jacquet, Sandrine
James, Frances
Janicek, John
Johns, Imogen
Johnson, Amy
Keegan, Kevin
Keen, John
Kelly, Padraig
Kemppainen, Robert
Kilcoyne, Isabelle
Knott, Tim

Knottenbelt, Derek
Koch, Christoph
Koch, Erica
La Ragione, Roberto
Labens, Raphael
Lascola, Kara
Lassaline, Mary
Laverty, Sheila
Leise, Britta
Lepage, Olivier
Lescun, Timothy
Lester, Guy
Lindegaard, Casper
Linton, Jennifer
Loftin, Patrick
Long, Maureen
Lopez-Navarro, Gabriela
Love, Emma
Love, Sandy
Lu, Kristina
Lundstrom, Torbjorn
Lunn, Paul
Lustgarten, Meghann
Malalana, Fernando
Mallicote, Martha
Marsh, Peggy
Matthews, Andy
Mayhew, Ian
Mazan, Melissa
McNally, Turlough
McCarrel, Taralyn
McCauley, Charles
McClure, Scott
McDonnell, Sue
McGladdery, Andrew
McKenzie, Erica
McKenzie, Harold
McMullen, Richard
Meehan, Lucinda
Mendoza, Francisco
Menzies-Gow, Nicola
Milner, Peter
Mitchell, Richard
Moorman, Valerie
Morresey, Peter
Mudge, Margaret
Mullen, Kathleen
Munsterman, Amelia
Navas De Solis, Cristobal
Naylor, Jonathan
Naylor, Rosie
Nielsen, Martin
Nolen-Walston, Rose
Nout-Lomas, Yvette
Nykamp, Stephanie
O’Grady, Stephen
O’Leary, John Mark

Oliveira, Rodrigo
Panizzi, Luca
Parente, Eric
Parks, Andy
Patterson-Kane, Janet
Paulussen, Ellen
Pauwels, Frederik
Perkins, Gillian
Pfau, Thilo
Piercy, Richard
Pinchbeck, Gina
Pirie, Scott
Pollock, Patrick
Pr�emont, Johana
Pringle, John
Puchalski, Sarah
Pusterla, Nicola
Raftery, Alexandra
Ramzan, Pete
Rashmir-Raven, Ann
Reardon, Richard
Reed, Stephen
Reesink, Heidi
Rendle, David
Rhodes, Diane
Richards, Roderick
Roberts, Veronica
Robinson, Paul
Rogers, Phil
Rossi, Melissa
Rubio Martinez, Luis
Runcan, Erin
Ruzickova, Pavlina
Sampson, Sarah
Sansom, Jane
Santschi, Elizabeth
Scheidemann, Wolfgang
Schott, Harold
Schramme, Michael
Scott, Camilla
Scrivani, Peter
Selberg, Kurt
Senior, Mark
Sertich, Patricia
Seruca, Cristina
Sherlock, Ceri
Shipman, Emma
Singer, Ellen
Slater, Josh
Sloet van
Oldruitenborgh-Oosterbaan,
Marianne
Slovis, Nathan
Smith, Ken
Smith, Lewis
Smith, Matthew
Sobhakumari, Arya
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2 EQUINE VETERINARY EDUCATION
Equinevet.Educ.(2018) 30 (1)2-3

doi:10.1111/eve.12867

Continued on page 15



”I recommend ColiCare 
for all of my patients,

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

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

ColiCare, the #1 vet-recommended colic 

surgery reimbursement program† puts 

you back at the center of the horse’s 

wellness care and reimburses horse 

owners up to $7,500 to help ease the 

fi nancial burden of colic surgery. 

†2016 Lebel Marketing Veterinary Market Survey

http://www.SmartPak.com/ColiCare


Highlights of recent clinically relevant papers

.Navicular bursotomy outcomes

This case series by David Suarez-Fuentes and colleagues at
Iowa State University, USA, evaluated the outcome of 19
horses undergoing navicular bursotomy for the treatment of
contaminated or septic navicular bursitis.

In the majority, sepsis related to penetrating foot injury. A
standard surgical technique was used to remove part of the
deep digital flexor tendon to expose the navicular bursa and
perform sterile lavage. The wound was packed and a
treatment plate fixed to the affected foot. Systemic
antimicrobials were given and intravenous regional limb
perfusion with antimicrobials was performed at surgery and
on 2–3 occasions post-operatively. The median duration of
clinical signs before surgery was 14 days, with the majority of
horses affected for at least 7 days.

All horses survived to discharge from the hospital. Owners
were instructed on remedial farriery in the post-operative
period. Follow-up owner telephone interviews revealed 16 of
19 horses returned to their previous level of performance, with
the median time to return to function being 4 months. Seven
of 10 with an athletic use pre-operatively were returned to
work at their previous level, with the remaining horses either
returning at a lower level or retired. No horses were
euthanised or required a repeat surgery.

The alternative approach of bursoscopy offers several
advantages over bursotomy, including being less invasive,
reduced recovery time and potentially better chances of
performing at a high athletic level post-operatively. However,
in chronic cases or where there are financial limitations, this
case series shows that bursotomy may offer a feasible
alternative, especially when concurrent regional limb
perfusion and post-operative remedial farriery are employed.

Racehorse fatality and associated jockey falls

In this study Claire Wylie and colleagues in Australia
investigated Thoroughbred fatality and associated jockey falls
and injuries in races in Australia.

This study describes the incidence of and reasons for
fatalities in Thoroughbred horses during flat races in the
Australian Capital Territory and New South Wales (NSW),
Australia, and describes reported jockey falls and injuries
associated with racehorse fatalities. A cohort study identified
all racehorse fatalities reported through Racing NSW for the
2009–2010 to 2013–2014 racing seasons. Risks of racehorse
fatality, fatal musculoskeletal injury, spontaneous death (as
distinct from euthanasia) and racehorse fatality associated
jockey falls and injuries were calculated using Poisson
regression. A total of 167 horse fatalities were reported, with an
overall incidence of 0.59 deaths/1000 starts. Forty-nine reasons
for horse fatality were reported, although post-mortem
examinations were conducted on only 52/165 (31.5%) horses.
Musculoskeletal injury accounted for 144/167 (86.2%) fatalities,
with an incidence of 0.52/1000 starts. Fractures comprised 96/
167 (57.5%) fatalities, with the fetlock or proximal sesamoid
bones being the most common fracture location, comprising
36/96 (37.5%) fractures. Only 22/166 (13.3%) racehorse fatalities
were due to spontaneous death, representing an incidence of
0.08/1000 starts. Fifty racehorse fatality associated jockey falls

were reported (incidence 0.18/1000 starts), with 32 reported
jockey injuries (incidence 0.12/1000 starts). Most racehorse
fatality associated jockey injuries occurred to the limbs (17/32,
53.1%), particularly the upper limb. The estimates for both
horse fatality and associated jockey injury were comparable
with previous estimates from other jurisdictions internationally.

Pharmacokinetics of meloxicam after colic
surgery

The aim of this study by A. Di Salvo and colleagues in Italy
and South Korea was to evaluate the pharmacokinetic
profile of meloxicam after intravenous administration in horses
undergoing laparotomy for colic syndrome.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are often
used in horses following colic surgery, due to their analgesic
efficacy, anti-inflammatory and anti-endotoxic effects.
Pharmacokinetics of a drug are often modified in unhealthy
animals compared to healthy subjects.

Eight horses received 0.6 mg/kg bwt of meloxicam i.v.
towards the end of surgery. Blood samples were taken at
scheduled time points in the first 24 h period following surgery.
The serum concentration of the drug was determined by
HPLC. Terminal half-life (6.88 � 2.96 h), volume of distribution
at steady-state (186.53 � 61.20 ml/kg) and clearance
(27.91 � 5.72 ml/kg/h) were similar to those reported in
literature for healthy horses. This result suggests that no
adjustment of the approved dose should be necessary when
meloxicam is used to treat horses in the immediate post-
operative period after surgery for colic syndrome.

Umbilical infection in foals

In this retrospective case series Gil Oreff and colleagues in
Israel reported the short- and long-term outcomes of surgical
management of umbilical infection in foals.

Medical records of foals up to 1 month of age, surgically
treated for an umbilical infection were reviewed. Short-term
(at the time of discharge from hospital) and long-term (1 year
after surgery) survival rates were obtained. Clinical variables
influencing survival were assessed. Chi-square or Fisher’s
exact test were used to evaluate the relationship between
the data retrieved and outcome.

Sixty-five foals were included in the study, representing 17.2%
of all foals admitted to the hospital over a 6-year period. Fifty
foals were discharged from hospital (77%) and 43 foals (66%)
were alive 1 year after surgery. Lower long-term survival rates
were associated with: younger age at presentation, septic joints,
multiple pathologies, higher creatinine level, higher heart rate,
umbilical infection diagnosed at the hospital rather than prior to
referral, prolonged hospitalisation, longer period between arrival
and surgery, and post-operative complications. The most
common surgical findings were urachal enlargement followed
by right arterial enlargement.

Younger foals with worse systemic condition and
concurrent disorders are at higher risk for treatment failure.
Based on the results of this study, diagnosis and surgical
management of umbilical infection in neonatal foals should
be performed as early as possible, and a good outcome can
be expected after surgery.

© 2017 EVJ Ltd

4 EQUINE VETERINARY EDUCATION
Equinevet.Educ.(2018) 30 (1) 4-5

doi:10.1111/eve.12868



Pigment retinopathy

In this study Carrie Finno and colleagues in the US described
pigment retinopathy in Warmblood horses with equine
degenerative myeloencephalopathy (EDM) and equine
motor neuron disease (EMND).

A pigment retinopathy has been reported in adult horses
with EMND arising from chronic a-tocopherol (a-TP) deficiency
but has not been identified in horses with neuroaxonal
dystrophy/equine degenerative myeloencephalopathy
(NAD/EDM) that affects genetically susceptible young horses
with a-TP deficiency. This report describes, for the first time, a
pigment retinopathy in a family of a-TP-deficient Warmbloods
with clinically apparent NAD/EDM or EMND.

Complete neurological and ophthalmic examinations
were performed on 25 Warmblood horses from one farm and
serum a-TP concentrations were assessed. Two of the most
severely ataxic horses were euthanised and post-mortem
examinations performed.

A total of 22/25 horses on this farm had a-TP deficiency.
Eleven of 25 horses were clinically normal (age 2–12 years),
one had signs of EMND (age 6 years), 10 had signs of ataxia
consistent with NAD/EDM (1–10 years), and two of these
were confirmed with concurrent NAD/EDM and EMND on
post-mortem examination. A pigment retinopathy
characterised by varying amounts of granular dark pigment
in the tapetal retina was observed in four clinically apparent
NAD/EDM horses (two post-mortem confirmed concurrent
NAD/EDM and EMND) and one horse with clinical signs of
EMND.

These findings confirm that a pigment retinopathy can be
present in young a-TP-deficient Warmblood horses with
clinical signs of EMND as well as those with signs of NAD/EDM.

Can strongyle infections cause colic?

Strongyle infections have been regarded as a possible cause
of colic in horses. In this study Laura Stancampiano and
colleagues in Italy compared parasitological status between
subjects with or without colic syndrome, with particular
attention to small strongyle infections.

Coprological analyses were performed on 86 horses: 43
with colic and 43 controls. Strongyle eggs were found in 34/
86 horses (prevalence 39.5%), the mean number of strongyle
eggs per gram of faeces (EPG) was 145.34 (s.d. 398.28). All 34
positive animals had small strongyle infections.

Negative binomial multiple regression highlighted no
influence of horse sex on strongyle EPG, while there was a
negative relationship between age and EPG; the same
analysis revealed a significant difference of EPG between
control horses (mean EPG 178.1; s.d. 411.4) and horses with
surgical colic (mean EPG 68.6; s.d. 259.8) when controlling
for Strongylus vulgaris presence including it in the model. The
intensity of infection in horses with non-surgical colic (mean
EPG 154.5; s.d. 480.4) did not significantly differ from controls.
Similar results were obtained having estimated
cyathostomine EPGs as dependent variable. Multinomial
logistic regression confirmed the negative relationship
between cyathostonine presence and surgical colic
occurrence.

The findings of this study suggest that small strongyle
infections are unlikely to be a risk factor for colics, and that
this group of parasites could be either linked with or itself be

a protective factor for colics. Further studies are required to
confirm these hypotheses.

Saliva test for tapeworm

This retrospective longitudinal study by Kirsty Lightbody and
colleagues in the UK evaluated a saliva-based test for
tapeworm (Anoplocephala perfoliata) and the impact of the
test on subsequent anthelmintic use.

The study included 1000 saliva samples from horses at a UK
welfare charity from autumn 2015 to autumn 2016. Samples
were predominantly collected in autumn and spring using a
commercial test (EquiSal�) that measures tapeworm-specific
antibody levels in saliva samples to give a score of low,
borderline, moderate or high. Horses with a score of borderline
or above are considered to require anthelmintic treatment.

During the study period, 71% of horses remained below
treatment threshold at all three time points and did not
receive any tapeworm treatment, the remaining 29%
received praziquantel on at least one occasion. Only 3%
were above treatment threshold in all three tests. Younger
horses required more treatments: 55% of 1- to 5-year-olds on
at least one occasion and 26% on more than one occasion.
Notably, 41% of new arrivals to the herd had antibody levels
above treatment threshold, highlighting the importance of
testing horses introduced to a herd. During the study period,
99 doses of praziquantel were administered, representing an
86% reduction in administration compared to blanket
biannual use. Despite this, the prevalence of tapeworm
infestation did not increase over the study period.

Biannual use of the saliva test may be an effective
method of monitoring for tapeworm infestation and directing
treatment to affected individuals, reducing selection pressure
for resistance.

S. WRIGHT
EVE Editorial Office
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Editorial

Equine Veterinary Education – past, present and future

.The first issue of Equine Veterinary Education (EVE) was
published in September 1989 under the editorship of the
late Professor Lawrence Gerring. The intention was, and
remains to this day, to publish a continuing education
journal that informs and enlightens equine clinicians
wherever and however they may practise – including the
generalist and the specialist. The journal was the brainchild
of Dr Peter Rossdale and was originally developed to
complement our sister publication, Equine Veterinary
Journal, to allow that journal to concentrate on publishing
primary research articles.

Over the years, and under the direction of successive
editors (Drs Sandy Love, Joe Mayhew and Tim Mair), the
journal has evolved and created its own identity, but
continues with its original mission of providing current and
relevant educational material to equine clinicians. Since
1999, EVE has been published as a collaborative venture
between the British Equine Veterinary Association and the
American Association of Equine Practitioners, with the
scientific content overseen by the editor, two North American
editors (Drs Nat White and David Wilson) and an international
Assistant Editors’ board. In 2016, three deputy editors (Drs
Yvonne Elce, Pam Wilkins and Peter Morresey) joined the
editorial team.

The educational material is provided in Case Reports
accompanied by Clinical Commentaries, which expand on
the subject discussed in the report, as well as Original
Articles. EVE also provides Review Articles written by
acknowledged experts in particular fields to give a
comprehensive and up-to-date review of a clinically
relevant subject, and evidence-based summaries of
research studies relating to clinical topics and questions are
reported in Systematic Reviews and Critically Appraised
Topics (CATs). Hypothesis Articles aim to challenge
‘established’ concepts and postulate novel ways of thinking
about problems in the hopes of changing veterinary
tradition when appropriate.

Case Reports, Case Series and Clinical Commentaries
have historically formed a significant part of the journal’s
content. Case reports have been a prominent form of
medical communication that can be traced back to
ancient Egypt (Nissen and Wynn 2014). Starting in the late
1970s, however, case reports in medical publishing became
viewed as less scientific than research articles, and the
movement towards evidence-based medicine in the late
1980s pushed case reports down to the bottom of the
hierarchy of evidence (Akers 2016). Also, case reports do
not receive nearly as many citations as meta-analyses or
randomized controlled trials. In part for these reasons, many
journals have ceased to publish case reports or have
severely limited the number of case reports published per
issue, thereby suppressing this type of publication. However,
many clinicians argue that case reports have significant
educational value, advance medical knowledge and
complement evidence-based medicine. We believe that

these articles can provide important information especially
in these areas:
• Unreported or unusual side effects or adverse interactions

involving medications
• Unexpected or unusual presentations of a disease
• New associations or variations in disease processes
• Presentations, diagnoses and/or management of new and

emerging diseases
• An unexpected association between diseases or clinical

signs
• An unexpected adverse event in the course of observing

or treating a patient
• Findings that shed new light on the possible pathogenesis

of a disease or an adverse effect
• Novel diagnostic techniques and treatments for common

equine diseases

EVE currently has an impact factor of 0.698 and is ranked
at 86 out of 136 in Thomson Reuters’ IF index for veterinary
journals. It is one of the few general equine medical titles
within the top 100. Since EVE is very much a clinical journal
aimed at clinicians rather than specifically at researchers, it
will inevitably be restricted in terms of the papers it attracts
and the impact factor it can achieve – indeed to some
degree its impact factor is irrelevant because this is
fundamentally a measure of research impact. EVE’s value
and strengths lie more in its exposure to equine veterinarians
around the world and its potential to inform, educate and
change clinical practice.

EVE will continue to publish Case Reports in the future, as
well as associated Clinical Commentaries, which are still
popular with authors and readers. However, in recent years,
we have been trying to increase the content of quality
Review Articles, Systematic Reviews and CATs. In addition, we
aim to provide an outlet for original research findings that
have direct applicability to clinical practice. In order to
create more space in the journal, we are changing the
format of Case Reports by only publishing a one-page
summary of the report in the print issue, and having the full
report available on-line. This will free up space in the print
issue to allow us to publish more of the other article types.

Medical publishing has changed hugely over the last
decade, with many prominent journals now concentrating
their efforts on digital platforms. EVE’s podcasts have been
well supported and represent an initial move into the world of
digital publishing. In the near future, we expect to develop
new, multidisciplinary and interactive on-line capabilities that
will support equine clinicians. However, for the foreseeable
future, we will continue to publish the journal both on-line and
in print format. If and when, demand for the printed version
wanes, then we may consider moving to on-line only;
however, currently most of our readers still value the printed
version. In the digital age, it is likely that non-peer-reviewed
journals will flourish on the internet. However, EVE will continue
to publish peer-reviewed and professionally validated articles
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Case Report

Clinical and low field magnetic resonance imaging features of
osseous cyst-like lesions of the proximal sesamoid bones in seven
horses
T. S. Mair†*, C. E. Sherlock† and A. Blunden‡

†Bell Equine Veterinary Clinic, Maidstone, Kent; and ‡Animal Health Trust, Lanwades Park, Kentford, Suffolk, UK.
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Summary
Osseous cyst-like lesions of the proximal sesamoid bones
(PSBs) were diagnosed in 7 horses. The diagnosis was
achieved radiographically prior to magnetic resonance
imaging (MRI) in only one horse, and in the other 6 horses the
diagnosis was made using low field MRI (retrospective
evaluation of the radiographs after the MRI revealed
ill-defined radiolucencies of the PSBs in 4 of these horses). The
horses ranged in age from 3 to 12 years, and the affected
limbs included 3 forelimbs and 4 hindlimbs. The onset of
lameness was reported to be sudden in 6 horses and
insidious in one, and the duration of lameness at the time of
MRI ranged from 0.3 to 11 months. The degree of lameness in
the 6 horses with sudden-onset lameness was moderate to
severe. Pain on flexion of the affected metacarpo(tarso)
phalangeal (fetlock) joint or exacerbation of the degree of
lameness following fetlock flexion was recorded in 4 of the 7
horses. The MRI findings in all cases included a focal high
signal intensity lesion (all magnetic resonance sequences) at
various locations in one PSB. Both septic and nonseptic
aetiologies were identified. Four of the 7 horses were
subjected to euthanasia due to persistent lameness, one
remained chronically lame and only 2 were able to return to
their previous level of exercise.

Introduction

Osseous cyst-like lesions (OCLLs) have been recorded in
numerous different locations in horses, including the femur,
tibia, humerus, scapula, radius, carpal bones, phalanges,
metacarpal/metatarsal bones and tarsal bones (Pettersson
and Sevelius 1968; Reid 1970; Verschooten and De Moor
1982; McIlwraith 1990, 1998; Von Rechenberg et al. 1998;
Textor et al. 2001; Garcia-Lopez and Kirker-Head 2004). These
lesions are associated with varying degrees of lameness, but
in some cases they are considered to be incidental findings
(McIlwraith 1990; Howard et al. 1995; Baxter 1996; Dyson et al.
2005). When present, the degree of lameness can vary from
mild to severe, and the onset can range from insidious to
acute (Goodrich and McIlwraith 2008). The diagnosis is usually
achieved by radiography, with the lesions typically appearing
as solitary, circular or semicircular radiolucent areas of bone
(usually in the subchondral and adjacent trabecular bone),
often surrounded by a sclerotic rim (Reid 1970; Verschooten
and De Moor 1982; Dyson 2013). Diagnosis can also be
achieved by magnetic resonance imaging (MRI) and
computed tomography (CT), including some cases where the

OCLL is not visible on standard radiographic views (Garcia-
Lopez and Kirker-Head 2004; Barrett and Zubrod 2008;
Goodrich and McIlwraith 2008; Mair and Sherlock 2008). The
aetiology of OCLLs can be multifactorial, and may include
trauma, developmental abnormalities (osteochondrosis),
sepsis and ischaemia (Von Rechenberg et al. 1998). Osseous
cyst-like lesions occurring in subchondral bone (‘subchondral
bone cysts’) have been proposed to develop as a result of
repeated microtrauma to the subchondral bone or the entry
of synovial fluid through a small defect of the articular
cartilage into the subchondral bone (Kold et al. 1986; Kold
1989); this results in the development of a cyst-like structure
with a fibrous lining that has been shown to contain cytokines
and metalloproteinases, which cause bone resorption (Von
Rechenberg et al. 2000). Osseous cyst-like lesions have also
been identified at the site of insertion of ligaments, suggesting
that some may occur as a result of enthesiopathy (Dyson
1998; McDiarmid 1998; Dyson et al. 2004; Smith et al. 2005;
Mair and Sherlock 2008).

There are few reports of OCLLs in the proximal sesamoid
bones (PSBs). Osteitis of the axial border of the PSBs can result
in radiological evidence of osseous destruction/osteolysis, but
the margins are generally irregular and ill-defined, unlike
OCLLs (Wisner et al. 1991; Chan and Munroe 1997;
Dabareiner et al. 2001; Sherman et al. 2006). Osteitis of the
axial border can affect one or both PSBs, and has been
associated with sepsis of the metacarpo(tarso)phalangeal
(fetlock) joint or digital flexor tendon sheath, or aseptic
trauma at the attachment of the palmar/plantar
(intersesamoidean) ligament (Brommer et al. 2014;
Vanderperren et al. 2014). Focal destructive lesions of the
PSBs have also been reported in 3 horses following dorsal
metatarsal artery catheterisation, thought to be associated
with either ischaemic necrosis or haematogenous spread of
bacteria (Barr et al. 2005). Reid (1970) described the
radiographic appearance of OCLLs of the PSBs, but little
clinical information was provided. Likewise, Fraser (1971)
described multiple OCLLs of both PSBs in a horse, but, again,
clinical details were not included. More recently, Gonzalez
et al. (2010) described the high field MRI findings in 40 horses
with lameness attributable to the metacarpo(tarso)-
phalangeal joint region where it was not possible to reach a
clinically plausible diagnosis using other imaging modalities
(radiography, ultrasonography and nuclear scintigraphy).
Abnormal magnetic resonance (MR) signal was identified in
the PSBs in 7 horses, including 2 with OCLLs at the base of the
PSB associated with damage to the attachment of the
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straight distal sesamoidean ligament, and 2 with osteolytic
lesions at the axial margin of a PSB associated with
intersesamoidean desmitis (Gonzalez et al. 2010). More
recently still, Beccar Varela et al. (2014) described a
subchondral bone cyst of the apical portion of the lateral PSB
in a 20-month-old Warmblood filly that presented with an
acute onset of nonweightbearing lameness; this lesion was
presumed to be a manifestation of osteochondrosis since the
horse had previous osteochondrosis lesions of both stifles and
one tarsus.

The purpose of this study is to describe the clinical,
radiological and low field MRI findings in 7 lame horses
diagnosed with an OCLL of the PSBs. Results of
histopathological evaluation of the lesions in 2 horses are also
described.

Materials and methods

All low field MRI studies of the fetlock region of standing
sedated and cadaver horses performed at Bell Equine
Veterinary Clinic over a 5-year period (2006–2011) were
reviewed. Horses imaged included those with pain causing
lameness localised to the fetlock area by regional analgesic
techniques (i.e. positive response to either abaxial sesamoid
nerve block or low 4/6 point nerve block) with or without a
positive response to intrasynovial analgesia of the fetlock joint
or digital flexor tendon sheath. Medical records of horses
diagnosed by MRI with OCLLs of the PSBs were evaluated.
Case background, history and results of lameness evaluation
(graded on a scale of 0 [sound] to 10 [nonweightbearing
lame]) and work-up were recorded from the medical
records. A standard low field MRI protocol (T1 and T2*
weighted gradient echo, T2 fast spin echo and short tau
inversion recovery fast spin echo sequences obtained in
sagittal, transverse and dorsal planes) was followed in all
standing cases using a 0.27 T MR scanner (Hallmarq EQ2
dedicated equine MRI system)1 as previously described
(Sherlock et al. 2009; Powell 2012). A definitive diagnosis was
reached radiographically prior to MRI in one case (Case 7);
low field MRI of the fetlock was performed post mortem in this
case. Diagnostic images (ultrasonographic images [Seignour
et al. 2012] and standard radiographic views of the fetlock
region [lateromedial, dorsopalmar{plantar}, dorsolateral-
palmaro{plantaro}medial oblique and dorsomedial- palmaro
{plantaro}lateral oblique views] [Butler et al. 2009]) were
retrospectively reviewed by T.S.M. and C.S. The treatment
administered and outcome of the horses were also recorded
using a telephone questionnaire with referring veterinarians
and owners.

Results

During the period 2005–2011, 126 horses underwent detailed
standing MRI of the fetlock region (additionally, a further
approximately 200 horses underwent limited standing MRI
evaluation of the fetlock region in addition the foot/pastern
region, and the fetlock region was imaged in 40 cadavers).
Seven horses fulfilled the selection criteria. Details of the
horses, the clinical histories, results of regional analgesic
techniques, treatments and outcomes are summarised in
Supplementary Items 1–4. The 7 horses ranged in age from 3
to 12 years, and included 4 horses used for general riding, 2
for eventing and one for racing. The affected limbs included

3 forelimbs (all left fore) and 4 hindlimbs (2 right hind and 2
left hind). The onset of lameness was reported to be sudden
in 6 horses and insidious in one, and the duration of lameness
at the time of MRI ranged from 0.3 to 11 months. The degree
of lameness in the 6 horses with sudden-onset lameness was
moderate to severe, with the grade of lameness at the onset
ranging from 5 to 10. Pain on flexion of the affected fetlock
or exacerbation of the degree of lameness following fetlock
flexion was recorded in 4 of the 7 horses. Diffuse swelling of
the fetlock/distal limb was recorded in 3 horses, distension of
the fetlock joint in 2 horses, distension of the digital flexor
tendon sheath in one horse, and a focal subcutaneous
swelling at the palmaromedial aspect of the fetlock was
identified in one horse.

The results of regional analgesic techniques, synovial fluid
analysis, radiography and ultrasonography are summarised in
Supplementary Item 2. One of 3 horses (Case 3)
demonstrated an 80% improvement in the degree of
lameness following a palmar digital nerve block. A positive
response to an abaxial sesamoid nerve block was recorded
in 3 of 5 horses, and a positive response to a low 4(6) point
nerve block was recorded in 4 of 4 horses. Intra-articular
analgesia of the fetlock joint was performed in 3 horses, all
with negative results. Intrathecal analgesia of the digital flexor
tendon sheath was undertaken in one horse, with a negative
response. Synovial fluid analysis was performed in 5 horses
(fetlock joint in 5 horses and digital flexor tendon sheath in 3
horses). Based on total nucleated cell counts and total
protein estimation of the fluid, a suspected infectious/septic
synovitis of the digital flexor tendon sheath was diagnosed in
one horse (Case 4). Standard radiographs of the fetlock were
obtained prior to the MRI in all cases. In 4 horses, no
abnormalities were identified on these radiographs. In one
horse (Case 7) a focal lucency of the axial border of the
medial proximal sesamoid bone, coupled with a subchondral
cystic lesion of the proximal articular surface of the proximal
phalanx and evidence of osteoarthritis of the fetlock joint
were identified (Fig 1). One horse (Case 3) had a small
osseous fragment at the dorsal aspect of the fetlock joint and
one horse (Case 6) had evidence of small osseous fragments
of the base of the PSBs.

Ultrasonographic examination of the palmar/plantar
fetlock region was performed in 6 horses. Lesions of the PSBs
were not identified in any case. In Case 1, a subcutaneous
cystic lesion containing anechoic fluid was identified
palmaromedially corresponding to the palpable swelling in
this region.

The MRI findings in all cases included a focal high signal
lesion (all MR sequences), compatible with an OCLL, at
various locations of one PSB (Supplementary Item 3). In one
horse (Case 2), there was a focus of low T1 and T2* weighted
signal intensity within the centre of the high signal intensity,
and the OCLL appeared to be contiguous with an oblique
linear high T1 and T2* weighted signal intensity that extended
to the abaxial border of the lateral PSB (Fig 2). The medial
PSB was affected in 5 horses (Cases 1, 3 and 5–7) and the
lateral PSB in 2 (Cases 2 and 4). The cysts were all <1 cm in
diameter, and involved the articular surface in 3 horses
(Cases 5–7; Figs 3 and 4), the axial border in 2 (Cases 2 and
3; Fig 2), the abaxial surface in one (Case 1), and the base in
one (Case 4; Fig 5). In all 7 horses, there were signal intensity
changes in the spongiosa of the PSB characterised as
decreased T1 and T2* weighted signal intensity either in a
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well-defined rim surrounding the OCLL or generalised
throughout the spongiosa of the affected PSB (Figs 2, 3a, 4
and 5a); in one horse there was also a generalised high short
tau inversion recovery signal intensity in the affected PSB
(Case 6). In 4 horses there was concurrent osseous modelling
of the apex and/or base of the affected PSB (Cases 3 and 5–
7; Figs 3a and 4). Signal hypointensity (T1 and T2* weighted)
in the spongiosa or osseous modelling of the apex and/or
base of the contralateral proximal PSB was identified in 5
horses (Cases 3–7) (Figs 3a, 4 and 5a).

Additional MRI abnormalities of the affected fetlock
region were present in all horses. These comprised changes in
the periarticular soft tissues in 3 horses; this included T1 and
T2* weighted signal intensity changes in the subcutaneous
tissues in one horse (Case 1), the medial suspensory branch in

one horse (Case 5) and the plantar (intersesamoidean)
ligament in one horse (Case 3). Four horses had decreased
T1 and T2* weighted signal intensity in the trabecular bone of

Fig 1: Dorsoplantar radiograph of the left metatarsophalangeal
joint of Case 7. There is a focal circular radiolucent area
consistent with an osseous cyst-like lesion at the axial border of
the medial proximal sesamoid bone (arrow). There is also
irregularity and new bone formation at the apices, bases and
abaxial surfaces of both proximal sesamoid bones. There is an
osseous cyst-like lesion in the trabecular bone lateral to the
sagittal groove of the proximal phalanx and there is severe
osteoarthritis of the metatarsophalangeal joint.

Fig 2: Dorsal T2* weighted gradient echo magnetic resonance
image of the proximal sesamoid bones (PSBs) of the left fore of
Case 2. There is a focus of low T2* weighted signal intensity within
the centre of a high signal intensity osseous cyst-like lesion
contiguous with an oblique linear high signal intensity lesion
extending to the abaxial border of the lateral PSB (arrows). There
is generalised decreased T2* weighted signal intensity in the
spongiosa of the lateral PSB and focal decreased T2* weighted
signal intensity in the spongiosa of the medial PSB (arrowhead).

a)

b)

Fig 3: a) Medial parasagittal T1 weighted gradient echo
magnetic resonance image of the left metacarpophalangeal joint
of Case 6. There is a focal circular high signal intensity osseous
cyst-like lesion at the axial aspect of the articular surface of the
medial proximal sesamoid bone (PSB; arrow). There is generalised
low T1 weighted signal intensity within the spongiosa of the medial
PSB and irregularity of the bone surface of the base of the PSB. b)
Dorsopalmar radiographs of the left metacarpophalangeal joint of
Case 6. There is a poorly defined radiolucency at the axial aspect
of the base of the medial PSB (arrow).

Fig 4: Medial parasagittal T2* weighted gradient echo magnetic
resonance image of the left metatarsophalangeal joint of Case 7
(same case as Figure 1). There is a focal high signal intensity lesion
surrounded by a low signal intensity rim connected to the articular
surface of the medial proximal sesamoid bone (arrow). There is
marked periarticular modelling of the metatarsophalangeal joint.
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one or both distal condyles of metacarpal/metatarsal bone III
(Cases 2–5; Fig 5a). Two horses had irregular articular surfaces
(Cases 5 and 7), one of which had OCLLs in the distal
metatarsal bone III and proximal phalanx (Case 7). One horse
had well defined focal low T1 and T2* weighted signal
intensity in the dorsolateral metatarsophalangeal joint
consistent with an osteochondral fragment (Case 3), and one
horse had modelling of the medial collateral fossa (Case 6).

After MRI, retrospective evaluation of the radiographs
from 4 of the horses revealed a subtle radiolucency in the
location of the OCLL identified on MR images (Cases 2–4 and
6) (Figs 3b, 5b and 6). Radiographs from Case 1 were not
available for retrospective review. In Case 3, repeated
ultrasonographic examination following the MRI diagnosis of
an OCLL at the axial border of the medial PSB was
performed, and this revealed a focal hyperechoic lesion at
the medioproximal aspect of the plantar (intersesamoidean)
ligament.

A summary of the attempted treatments and outcomes
of the cases is shown in Supplementary Item 4. Four of the 7
horses were subjected to euthanasia due to persistent
lameness and/or poor prognosis. The focal subcutaneous
swelling was surgically excised in Case 1, and the horse
rested prior to a gradual return to exercise. Six months after
the surgery the horse was reported to be back in full work.
Case 4 had evidence of sepsis of the digital flexor tendon
sheath of the left hindleg, and underwent surgical
tenoscopy and lavage of the digital flexor tendon sheath,
followed by broad spectrum antimicrobial therapy. The horse
was reported to be sound 2 months after this treatment and
went back into race training. Subsequently the horse
developed foreleg lameness and he was retired from racing.
Case 5 showed a gradual clinical improvement following
treatment with tiludronate and a prolonged period of rest;
however, a low-grade lameness was still present after
2 years.

Post mortem examinations were undertaken in 3 horses. In
Case 2, a cystic cavity filled with granulation tissue was
identified at the axial border and adjacent flexor surface of
the lateral PSB. No histopathological examination was
performed, but a bacteriological culture of a swab taken
from the cavity grew a moderate pure growth of Escherichia
coli.

Post mortem examination of the left hind fetlock of Case
3 confirmed an OCLL in the medial PSB connecting to the
axial border. Histologically, there was a large, roughly round
area within the spongiosa. There was considerable loss of
bone in this area with focal abscessation; there were necrotic
foci containing large aggregates of neutrophils with some
macrophages, surrounded by abundant fibrovascular tissue,
diffusely infiltrated by a mixed inflammatory infiltrate of
plasma cells, macrophages, neutrophils and lymphocytes
(Fig 7). Also, within the proliferating fibrous tissue, there were
some dense foci of mature fibrous tissue showing evidence of
fibrocartilagenous metaplasia. Bone surrounding the main
lesion showed partial necrosis and fragmentation of compact
to trabecular bone, showing irregular spiculated edges; bone
spaces adjacent to this fragmenting bone were filled with
fibrovascular tissue, heavily infiltrated by inflammatory cells,
with osteoclasts near the spiculated bone edges. The plantar
ligament at the plantar aspect of the bone showed marked
thickening of interfascicular septa, with evidence of
fibrocartilagenous metaplasia and vascular occlusion.

Another section adjacent to the above showed a sinus track
extending through the ligament into the bone, continuous
with the cavity containing the inflamed and granulating

a)

b)

Fig 5: a) Lateral parasagittal T2* weighted gradient echo
magnetic resonance image of the left metatarsophalangeal joint
of Case 4. There is a focal high T2* weighted signal intensity
osseous cyst-like lesion at the base of the lateral proximal
sesamoid bone (arrow). There is generalised decreased T2*
weighted signal intensity in the spongiosa of both the proximal
sesamoid bones and the distal condyle of metatarsal III. b)
Dorsolateral-plantaromedial oblique radiograph of the left
metatarsophalangeal joint of Case 4. There is an ill-defined
radiolucency (arrow) and irregular new bone (arrowhead)
adjacent to the base of the lateral proximal sesamoid bone.

Fig 6: Dorsopalmar radiograph of the left metacarpophalangeal
joint of Case 2 (same case as Figure 2). There is an ill defined
radiolucency with a central focal radiopacity in the lateral PSB
adjacent to the axial border. There is also a subtle radiolucent
line extending from the osseous cyst-like lesion to the abaxial
surface of the proximal sesamoid bone.
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fibrovascular tissue, and the track was associated with a
neutrophil infiltration.

Post mortem examination of the left hind fetlock of Case 7
confirmed the presence of osteoarthritis and articular
cartilage damage of the metatarsophalangeal joint (see
Supplementary Item 4, Fig 8). There was a full-thickness erosion
of the articular cartilage of the medial PSB at the junction of
the middle and distal thirds (Fig 8). Histopathological
examination confirmed the presence of a cyst-like lesion filled
with moderately cellular fibrous tissue; there was a space in
the middle of the fibrous tissue lined by a synovial-like lining
(Fig 9). In places, the fibrous tissue showed fibrocartilagenous
change with some tiny calcified foci; groups of tortuous
vessels were present on the outer aspect of the cystic lesion,
with surrounding looser fibrovascular tissue. The cyst was
situated directly below a cartilage defect; the hyaline
cartilage layer dipped into the subchondral bone where there
was total loss of calcified cartilage.

Discussion

This case series illustrates the value of MRI in the diagnosis of
OCLLs of the PSBs of horses. MRI is a cross-sectional imaging
modality that provides accurate anatomical detail with
excellent tissue contrast, and is being routinely used to image
the feet of lame horses with equivocal or no significant
radiological abnormalities (Dyson and Marks 2003; Dyson
et al. 2003; Sherlock et al. 2007; Sampson et al. 2009;
Gutierrez-Nibeyro et al. 2012). The modality can also be
beneficial in the evaluation of certain lesions, including
osseous lesions, in the more proximal regions of the limb,
including the fetlock area. A small number of papers have
reported the high field MRI appearance of lesions within the
metacarpo(tarso)phalangeal joint of clinically lame horses
imaged under general anaesthesia (Tapprest et al. 2003;
Zubrod et al. 2004; Gonzalez et al. 2010; King et al. 2013),
and a smaller number present information from low field
images of horses scanned standing (Sherlock et al. 2009;
Powell 2012). It has been suggested that standing low field
MRI may be unsuitable for imaging the more proximal regions

of the distal limb (including the fetlock region) (Werpy et al.
2008). Whilst the standing low field MRI system presents
challenges in attaining good quality images of regions
proximal to the foot, the system has the considerable
advantage of avoiding the need for general anaesthesia
(and its associated costs and risks) thereby overcoming the
resistance amongst horse owners and trainers to subject
horses to general anaesthesia for diagnostic imaging (Powell
2012). Whilst it is accepted that image quality of standing low
field MRI may be inferior to that of high field MRI, the results of
this and other studies (Sherlock et al. 2009; Powell 2012) show
that standing low field MRI of the fetlock region can provide
diagnostic information that cannot be obtained using other
established imaging modalities. However, it is also accepted
that the low field MRI used in this study may have failed to
identify subtle lesions that might have been identified if high
field MRI had been used. CT is another imaging modality that
can provide enhanced diagnostic information, including the
detection of osseous lesions of the PSBs (Vanderperren et al.

300 μm

Fig 7: Photomicrograph (haematoxylin and eosin, 320
magnification) of osseous cyst-like lesion of Case 3. This shows part
of a large area of bone necrosis (N) with focal abscessation (A)
within the medial proximal sesamoid bone.

Fig 8: Post mortem photograph of the articular surface of the
proximal sesamoid bones of Case 7. There is a focal defect of the
articular surface of the medial proximal sesamoid bone (arrow).
There is also generalised fibrillation and multifocal erosion of the
articular cartilage.

300 μm

Fig 9: Photomicrograph (haematoxylin and eosin, 310
magnification) of osseous cyst-like lesion of Case 7. There is a
cystic space lined by a synovial epithelium (C) surrounded by
moderately cellular fibrous tissue (F) within the medial proximal
sesamoid bone.

© 2016 EVJ Ltd

12 EQUINE VETERINARY EDUCATION / AE / JANUARY 2018



2014). However, currently CT of the fetlock is only achievable
under general anaesthesia, sharing one of the same
disadvantages as high field MRI; in addition soft tissue
contrast is poorer with CT compared to MRI.

Post mortem examination in three horses confirmed the
presence of cystic lesions in the PSBs in the regions identified
by the MRI. Unfortunately, histological examination of the
cystic lesions was only carried out in 2 horses. In one (Case 7)
there was an unusual appearance to the OCLL with an
apparent synovial-lined space. The aetiology of this lesion in
this horse remains uncertain, but there was associated
extensive joint damage and additional OCLLs of the distal
aspect of metatarsal bone III and the proximal aspect of the
proximal phalanx. This horse also had an insidious onset of
lameness and radiolucencies were detected prior to MRI,
unlike all of the other cases, supporting the conclusion that
this horse was affected by a different and more chronic
disease process. In Case 3, the OCLL had the appearance of
septic osteitis with associated bone necrosis and fibrosis, and
there was histological evidence of a penetrating lesion
through the plantar (intersesamoidean) ligament. Although a
histological examination of the cystic lesion was not
undertaken in Case 2, the oblique linear tract between the
abaxial surface of the PSB and the OCLL, the gross
appearance and the positive bacterial culture results
suggested that this lesion was also septic. These post mortem
findings support the hypothesis that OCLLs of the PSBs may be
septic or nonseptic in origin. Three horses in this series (Cases
2–4) had evidence of sepsis (identified either pre- or post
mortem), even though there was no history or clinical
evidence of trauma or wounds; only one of these horses
(Case 4) had associated swelling/cellulitis of the affected
fetlock region. This horse (Case 4) also had clinical evidence
of sepsis of the digital flexor tendon sheath, but synovial fluid
evaluation of the fetlock joint and digital flexor tendon
sheath in one other horse with an OCLL of apparent septic
origin (Case 3) failed to reveal evidence of sepsis. The
outcome of the 3 horses with evidence of sepsis was poor;
only one of these 3 horses survived compared with 2 of 4
horses with suspect aseptic lesions; however, in view of the
small numbers, it is difficult to draw any firm conclusions
regarding differential prognosis for septic versus aseptic
OCLLs. The aetiology of the other (aseptic) cases in this series
remains uncertain. Aseptic trauma at the attachment of the
palmar/plantar (intersesamoidean) ligament has been
proposed as a possible cause for osteitis of the axial border
of the PSBs (Brommer et al. 2014; Vanderperren et al. 2014),
and OCLLs in other regions have also been identified at the
site of insertion of ligaments, suggesting that some may occur
as a result of enthesiopathy (Dyson 1998; McDiarmid 1998;
Dyson et al. 2004; Smith et al. 2005; Mair and Sherlock 2008).
In 2 horses in this series, there were abnormalities of the
associated soft tissues immediately adjacent to the OCLL of
the PSB, including the plantar (intersesamoidean) ligament in
Case 3 and the distal suspensory ligament branch in Case 5.
These findings support the hypothesis that osseous damage
and OCLL development may be the result of trauma at the
sites of ligamentous attachment. It is possible that the
underlying cause in some of the cases in this series was
osteochondrosis; this was speculated to be the cause of an
OCLL of the PSB described by Beccar Varela et al. (2014).

The results of regional analgesia in this series of horses
demonstrate the importance of considering lesions of the

PSBs in horses that show a positive (partial or complete)
resolution of lameness following an abaxial sesamoid nerve
block; three of the five horses in which this nerve block was
performed showed at least partial improvement to this block.
These findings are in keeping with previous clinical
observations that lameness associated with incomplete
fractures of the sagittal groove of the proximal phalanx,
injuries of the palmar annular ligament or the insertion of the
suspensory ligament branches, and lesions of the fetlock joint
and the digital flexor tendon sheath may be abolished
following an abaxial sesamoid nerve block (Dyson et al. 2011;
Daniel et al. 2013; Dyson 2013). One horse (Case 3) showed a
significant improvement following a plantar digital nerve
block; the foot of this horse was imaged both by multiple
radiographic views and by MRI on 2 occasions prior to
performing MRI of the fetlock to exclude any significant
lesions in the foot and pastern areas. This response to a
plantar digital nerve block is in agreement with previous
observations that perineural analgesia of the palmar digital
nerves may resolve lameness associated with the
metacarpophalangeal joint (Contino et al. 2012).

In conclusion, this case series describes 7 horses with an
OCLL within a PSB. These lesions may affect any area of the
PSBs and the diverse histopathological findings suggest that
the aetiology of OCLLs is variable. Although a rare lesion,
the persistent lameness and consequent poor outcome of
these cases warrants multicentre studies to elucidate further
the condition and its optimal treatment. The diagnosis was
made in one horse prior to the MR examination, but
retrospective evaluation of the radiographs after the MR
study revealed subtle ill-defined radiolucencies consistent
with an OCLL in a further 4 horses. This study therefore
supports that thorough evaluation of radiographs of lame
horses is essential to avoid missing lesions; however, it also
confirms that images obtained with MR are likely to give
more detail and information related to type of lesion and
tissue quality within and surrounding the lesion. This extra
information could give insight into prognosis and treatment
options.
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activator in a horse: Suspected re-expansion pulmonary oedema
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Summary
This case report describes a 5-year-old pregnant Warmblood
mare that was being treated for fibrinous bacterial
pleuropneumonia. Since initial attempts to drain and lavage
both pleural cavities were ineffective due to the presence of
extensive intrapleural fibrin loculations, recombinant human
tissue plasminogen activator (tPA) was instilled into both pleural
cavities, to promote fibrinolysis and improve drainage.
Within 1–2 h of instilling tPA, the horse became distressed,
with increasing dyspnoea, tachycardia, pleurodynia and
hypoxaemia. At 4 h post tPA instillation, diffuse bilateral
pulmonary oedema was evidenced by the onset of
widespread audible inspiratory crackles and ultrasonographic
ring-down artefacts. Ultrasonography demonstrated that tPA
had induced pleural fibrinolysis, thereby removing the
restrictive effects of pleural adhesions on lung motion and
facilitating lung re-expansion. Re-expansion pulmonary
oedema was suspected, although an adverse drug reaction
could not be excluded. The complication resolved with nasal
oxygen supplementation, and administration of frusemide,
meloxicam, morphine and hydroxyethyl starch. Subsequent
repetition of intrapleural tPA instillation and thoracic drainage
had no apparent adverse effect. The mare was discharged
from the hospital and subsequently foaled successfully. The
pathogenesis, diagnosis and management of re-expansion
pulmonary oedema are reviewed.

Introduction

Re-expansion pulmonary oedema (RPE) is a potentially fatal
iatrogenic complication of rapid lung re-expansion following
thoracocentesis for the treatment of pneumothorax or pleural
effusion. RPE has an incidence of 0.9–32.5% and a mortality
rate of 1.2–20% in human patients undergoing thoracic
drainage (Mahfood et al. 1988; Kim et al. 2009; Taira et al.
2014). While RPE is proposed as one of the mechanisms
contributing to equine post anaesthetic pulmonary oedema
(Ball and Trim 1996; Kaartinen et al. 2010), it has not been
reported following equine pleural drainage. Given that human
RPE may be underdiagnosed when mild or asymptomatic, and
when post procedure imaging is not performed (Feller-Kopman
et al. 2007; Taira et al. 2014), RPE may also be underdiagnosed
in horses. This report describes the successful treatment of a
case of suspected RPE in a horse that developed following
intrapleural tissue plasminogen activator (tPA) instillation for
management of fibrinous pleuropneumonia. Brief details of this
case were included in a review of 25 horses that had received
tPA for the treatment of fibrinous pleuropneumonia (Tomlinson
et al. 2015).

Case details

Case history
A 5-year-old, 567 kg bodyweight, 4 months pregnant,
Warmblood mare presented to The Royal (Dick) School of
Veterinary Studies with fibrinous bacterial pleuropneumonia
following long distance transportation 6 days previously.

Clinical examination
The mare had pyrexia (39.3°C), tachycardia (65 beats/min),
tachypnoea (32 breaths/min), shallow breathing pattern with
increased inspiratory effort, elevated jugular pulse and a
grade 1–2/6 left sided early systolic murmur presumed to be a
flow murmur. Normal breath sounds were audible over both
dorsal hemithoraces but were absent over both ventral
hemithoraces. No crackles were audible.

Diagnosis and treatment
Ultrasonography revealed bilateral pleural effusion, marked
organising fibrin pleural adhesions and loculations and collapse
of ventral lung regions (Supplementary Item 1). Pleural fluid
extended to a level approximately 56% up an imaginary
transect from the ventral to dorsal pleural reflections, at a
level immediately caudal to the forelimbs, bilaterally. Lung
motion during the breath cycle was severely restricted.
Ultrasonographic ring-down artefacts were not evident at this
stage. Streptococcus zooepidemicus and Chryseomonas
indologenes were cultured from pleural fluid and
tracheal aspirate, respectively. Cefquinome, gentamicin,
metronidazole, flunixin, meloxicam and intravenous crystalloid
fluid therapy were administered at various time points during
the hospitalisation period. The mare’s clinical parameters
remained fairly stable for the first 3 days of hospitalisation.
Attempted pleural drainage and lavage (5–10 l Hartmann’s
solution) via bilateral indwelling thoracic drains daily for 3 days
was ineffective because of extensive fibrin loculations. Total net
volumes of pleural fluid obtained over the first 3 days were only
13 and 6 l from the left and right pleural cavities, respectively.
Immediately after the third attempt to drain the pleural
cavities, to promote fibrinolysis and facilitate more effective
drainage, recombinant human tPA (12.5 mg in 1 l 0.9% NaCl)
was instilled into each pleural cavity, and the drains clamped,
with a view to repeating thoracic drainage and lavage 12–
24 h later. However, within 1–2 h following this procedure, the
mare became agitated and increasingly dyspnoeic. Breathing
and heart rates increased to 60 breaths/min and 110 beats/
min, respectively. Breathing pattern changed from shallow to
deep, with increased inspiratory and expiratory effort, and
externally audible inspiratory and expiratory ‘puffing’. At this
stage, thoracic auscultation revealed increased audibility of
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breath sounds over the dorsal hemithoraces, but no
adventitious sounds. Subjectively there was increased
evidence of pleurodynia, manifested as increased reluctance
to move, increased bruxism and occasional expiratory
grunting. There were marked generalised fine muscle tremors.
Cardiac rhythm, pulse strength, mucous membrane colour and
capillary refill time remained unremarkable. Vaginal
endoscopic examination was unremarkable. Ventilation
perfusion mismatching and alveolar hyperventilation were
evidenced by decreases in PaO2 (84–66 mmHg), SaO2 (96–
92%) and PaCO2 (48–30 mmHg). Supplemental intranasal O2

was supplied at 10–15 l/min. Given the apparent increase in
pleurodynia, morphine (120 mg i.v.) and meloxicam (140 mg
i.v.) were administered; this improved demeanour only
marginally and did not prevent the continuing increase in heart
and breathing rates. Clinical parameters continued to
deteriorate and at 4 h post tPA instillation diffuse bilateral
pulmonary oedema was evidenced by the onset of
widespread and increasingly audible end inspiratory crackles
and diffuse ultrasonographic ring-down artefacts present over
the entire lungfield (Supplementary Item 2). At this stage,
ultrasonography demonstrated that tPA had rapidly induced
partial pleural fibrinolysis, with the fibrin loculations being
partially replaced by freely moving fluid containing
hyperechoic foci. It was apparent that pleural fibrinolysis had
reduced the restrictive effects of pleural adhesions on lung
motion, thereby increasing lung motion during the breath
cycle, and facilitating re-expansion of the previously collapsed
ventral lung. Ultrasonography also revealed a clinically
insignificant small volume pneumothorax and absence of
pericardial effusion and haemothorax. RPE was suspected,
although an adverse drug reaction could not be eliminated.

Treatment of suspected RPE
Intranasal oxygen supplementation was continued. Frusemide
(500 mg i.v.) and hydroxyethyl starch (6% 130/0.4 in 0.9%
saline; one litre/h i.v.) were administered, and intravenous
crystalloids discontinued. Clinical parameters continued to
deteriorate for 6–8 h following tPA instillation, before stabilising
and thereafter improving gradually. Clinical parameters and
arterial blood gas concentrations had returned to baseline
(i.e. pre-tPa instillation) levels by 12–24 h. Ultrasonographic
examination at 18 h post tPA instillation demonstrated
resolution of ring-down artefacts, lysis of fibrin loculations,
increased lung motion and re-expansion of ventral lung
regions (Supplementary Item 3). Intranasal O2 was
discontinued after 24 h. Further thoracocentesis, pleural
lavage and intrapleural tPA instillation was delayed for 24 h.
Thoracic drainage performed 48 h after tPA instillation
yielded 10 and 5 l pleural fluid containing numerous clumps
of fibrin from left and right hemithoraces, respectively (Figs 1
and 2). Subsequent thoracocenteses (n = 11) and bilateral
intrapleural tPA instillation (n = 3) had no apparent adverse
effects, yielding a total of 22.5 and 25 l, from left and right
hemithoraces, respectively. Thoracic drains were removed
after 13 and 19 days. Thereafter, the mare made an
uneventful recovery, foaled successfully and was alive
8 months after hospital discharge.

Discussion

Re-expansion pulmonary oedema is a potentially fatal
iatrogenic complication of rapid lung re-expansion following

thoracocentesis for the treatment of pneumothorax or
pleural effusion. While the pathophysiology of RPE remains
poorly understood, it is likely to be multifactorial, with
pulmonary vascular injury and increased pulmonary capillary
permeability having key contributing roles (Genofre et al.
2003; Sherman 2003; Feller-Kopman et al. 2007; Sohara 2008).
Risk factors for RPE in some studies include severity and
duration of lung collapse, rapidity of lung re-expansion, use of
high suction pressures for thoracocentesis and the
concomitant presence of pneumothorax and pleural effusion
(Mahfood et al. 1988; Taira et al. 2014). In the current case,
the suspected RPE was clearly not a consequence of rapid
drainage of pleural fluid, because fibrin loculations prevented
effective drainage, and only small volumes of pleural fluid
had been obtained. In contrast, we hypothesise that RPE
developed because of rapid re-expansion of chronically
collapsed lung as a result of rapid breakdown of restrictive
fibrin adhesions and loculations following intrapleural
fibrinolysis. Consistent with this possibility, ultrasonography
indicated that pleural fibrinolysis had indeed rapidly (within
4 h) reduced the restrictive effects of pleural adhesions on

Fig 1: Pleural fluid collected at 48 h after tissue plasminogen
activator instillation, showing numerous clumps of fibrin consistent
with pleural fibrinolysis.

Fig 2: Close up view of fibrin clump.
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lung motion, thereby facilitating lung re-expansion of the
previously collapsed ventral lung regions. RPE appears to be
an uncommon adverse consequence of this treatment, since
this horse was the only one of 25 tPA treated horses that
developed suspected RPE (Tomlinson et al. 2015). The authors
are unaware of reports of RPE following intrapleural tPA
instillation in human patients.

There is no definitive diagnostic test for RPE. In human
patients, RPE is suspected whenever there is sudden
respiratory or haemodynamic deterioration following pleural
drainage of air or fluid (Mahfood et al. 1988). The mare in this
report met clinical criteria for human RPE, having at least 2 of
the following: worsening dyspnoea, hypoxaemia,
tachypnoea, haemodynamic instability or a new cough
lasting >20 min (Feller-Kopman et al. 2007). The presence of
diffuse bilateral pulmonary oedema was confirmed by the
rapid development, and subsequent rapid resolution, of
audible inspiratory crackles and multiple ultrasonographic
ring-down artefacts present across the entire lungfields.
Ultrasonographic ring-down artefact score is correlated with
extravascular lung water content, and is sufficiently sensitive
to detect pulmonary interstitial oedema even before it
becomes clinically apparent (Jambrik et al. 2004; Agricola
et al. 2005). Given the utility of ultrasonography for diagnosis
of pulmonary oedema (Louvet and Bourgeois 2008), thoracic
radiography and endoscopy were not considered necessary
to confirm the presence of pulmonary oedema, and would
probably have caused the horse further distress. Clinical
examination and ultrasonography ruled out other potential
causes of acute deterioration following attempted thoracic
drainage including iatrogenic injury to lungs, heart,
diaphragm and abdominal viscera, pneumothorax,
haemothorax, and cardiac dysrhythmia. While an adverse
reaction to tPA cannot be excluded, this appears unlikely
given that subsequent instillation of similar doses of tPA into
both pleural cavities on 3 occasions had no apparent
adverse effect. While thoracocentesis and intrapleural
instillation of tPA can exacerbate pleurodynia in human
patients, increased pleurodynia alone was unlikely to have
caused the clinical deterioration, since administration of
morphine and meloxicam resulted in only a minor
improvement in clinical parameters. It is more likely, as occurs
in human RPE (Feller-Kopman et al. 2007), that increased
pleurodynia was a symptom of RPE, possibly due to the
increased rate and depth of breathing occurring in response
to hypoxaemia.

As occurred in this case, clinical signs of RPE in human
patients typically commence within 1–2 h after intervention,
and always within 24 h (Mahfood et al. 1988; Genofre et al.
2003; Taira et al. 2014). Careful patient monitoring is
important during this critical time period, because early
recognition and fast symptom-oriented treatment are
necessary for survival (Taira et al. 2014). Treatment of
symptomatic human RPE is largely supportive, including
diuresis, supplemental oxygen, positive pressure ventilation,
morphine and glucocorticoids (Light 1995; Taira et al. 2014).
The mare in this report received a diuretic, supplemental
oxygen and morphine. Intravenous crystalloid therapy was
discontinued because volume overload may exacerbate
pulmonary oedema and increase patient mortality,
particularly when pulmonary vascular permeability is
increased (Calfee and Matthay 2007; Lyons 2008).
Hydroxyethyl starch was administered because it can

attenuate pulmonary vascular permeability and improve
haemodynamics and cardiac output without worsening
pulmonary oedema and pulmonary mechanics in human
acute respiratory distress syndrome (Huang et al. 2009). While
morphine was administered largely for its analgesic
properties, it can aid treatment of human cardiogenic
pulmonary oedema by reducing anxiety, improving
breathing pattern and reducing venous tone and peripheral
vascular resistance via central sympatholysis (Robin et al.
1973). Other reported treatments for pulmonary oedema not
used in this case include acepromazine, inhaled b2-agonist
bronchodilators, inhaled frusemide, nebulisation of 20%
alcohol to reduce surface tension of oedema fluid and foam
formation, and suction of accumulated fluid from proximal
airways (Atabai et al. 2002; Senior 2005; Dunkel 2006).
Recommended protocols to minimise occurrence of human
RPE include use of small-diameter thoracic drains and
avoidance of suction pressures exceeding 10–20 cmH2O,
although adherence to these protocols does not eliminate
the risk of RPE (Light 1995; Feller-Kopman et al. 2007; Taira
et al. 2014).

In summary, this case suggests that RPE can occur as an
iatrogenic complication of rapid lung re-expansion following
intrapleural tPA administration in horses with fibrinous pleural
effusion. Clinicians should consider this complication when a
horse undergoing this treatment has sudden worsening of
dyspnoea, hypoxaemia, tachypnoea, haemodynamic
instability and/or sudden onset coughing.
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Supporting information

Additional Supporting Information may be found in the online
version of this article at the publisher’s website:

Supplementary Item 1: Ultrasonogram of the left ventral
hemithorax recorded on Day 2 of hospitalisation showing
organising fibrinous pleuropneumonia. The extensive fibrinous
pleural loculations and interpleural adhesions are restricting
lung expansion, and consequently there is little movement of
the lung in relation to the parietal pleura. There is also
marked collapse of the ventral lung. Dorsal to left of image.
Scale = cm.

Supplementary Item 2: Thoracic ultrasonogram from a horse
with cardiogenic pulmonary oedema illustrating multiple ring-
down artefacts, similar to those identified in the case
reported herein. Please note that this image is included for
illustrative purposes only and is not from the subject of this
case report. Dorsal to left of image. Scale = cm.

Supplementary Item 3: Ultrasonogram of the left ventral
hemithorax recorded 18 h after tPA instillation. There is clear
evidence of pleural fibrinolysis, with a marked reduction in
fibrin loculations and an accompanying increase in freely
moving fluid containing hyperechoic foci. The pericardio-
diaphragmatic ligament is now evident. The previously
restricted and adherent lung is now moving more freely in
relation to the parietal pleura during the breath cycle. There
is also marked reduction in the volume of collapsed lung
indicating pulmonary re-inflation. Dorsal to left of image.
Scale = cm.
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Summary
This article reports a Przewalski’s horse from the Kalamaili
Nature Reserve (KNR) in China transported to our institute to
determine the cause of death. The animal had been subjected
to necropsy before being transported to our institute; the entire
digestive tract was removed but not opened to reduce the
possible loss of parasites. During examination, ascarids in the
intestines and bots in the oral cavity and stomach were
observed. The parasites were identified according to an
identification key and enumerated. The ascarids were
identified as Parascaris spp. and were associated with a
volvulus, resulting in intestinal obstruction. A total of two
(stomach), one (duodenum) and 106 (intestines) Parascaris
spp. were counted. Bots in the digestive tract were identified as
third stage larvae of Gasterophilus pecorum (G. pecorum),
Gasterophilus nigricornis (G. nigricornis) and Gasterophilus
nasalis (G. nasalis), which may have been associated with
stomach ulcers suffered by the horse. Attached to the lining of
the oral cavity and stomach were 331 and 2014, respectively,
larvae of G. pecorum, while in the duodenum there were 23
third stage larvae of G. nigricornis and 20 third stage larvae of
G. nasalis. Therefore, the possibility of the presence of these
parasites should not be overlooked in Przewalski horses as
these parasites may be responsible for severe clinical signs in
infected animals.

Introduction

Przewalski’s horse (Equus ferus przewalskii) is an important
protected wild animal once widespread over the central
Asiatic steppes. In the late 1960s, Przewalski’s horse was
declared extinct in the wild (Mohr and Volf 1971; Boyd and
Houpt 1994). A number of relevant international organisations
introduced a universal programme of horse population
rejuvenation in 1963 (Mohr and Volf 1971). Starting in the
1980s, reintroduction sites were established in China,
Mongolia and Kazakhstan (Boyd and Bandi 2002). China
began to reintroduce Przewalski horses from captivity in
Europe in 1986, constructed a breeding centre in Xinxiang
and released horses in August 2001 into the Kalamaili Nature
Reserve (KNR).

Parascaris spp. (Nematoda: Ascaridoidea) infections
commonly occur in foals and yearlings (Soulsby 1982). The
horses ingest infective eggs that are dispersed in the
surrounding environment by the previous year’s foals.
Infections may cause nasal discharge, coughing, reduced
growth rates, inappetence, rough hair coat and lethargy.
Intestinal obstruction may occur with large worm burdens
(Cribb et al. 2006). Immunity against Parascaris spp. starts to

develop by the age of 6 months (Clayton 1986) and horses
older than 4 years seldom harbour these nematodes. China is
characterised by a typical continental climate, which
provides a favourable environment for the development of
the parasite in domestic animals.

The larvae of flies of the genus Gasterophilus are common
obligate parasites of horses, donkeys, mules, zebras,
elephants and rhinos (Zumpt 1965). Globally, this parasite,
especially in animals in poor condition, leads to large losses
(Waddell 1972), abscesses, ulcers (Rooney 1964; Pandey
et al. 1980; Dart et al. 1987), ruptures (Czosnek 1988) and
peritonitis (Rooney 1964), which can be fatal (Hal 1995). It is
usually nonpathogenic, but under certain conditions,
particularly when associated with other infections and severe
environmental conditions, may become an opportunistic
pathogen (Liu 2012). This article reports the species, numbers
and anatomic sites of various internal parasites recovered
from a Przewalski’s horse in China.

Observation
A mare, approximately 6 years old, from the KNR, in slim body
condition and with no trauma, underwent an autopsy in
northern China in spring 2011. A KNR administrator found the
dead mare during a routine morning inspection; no abnormal
condition had been evident on the previous day. No other
details were available; however, it was likely that the horse
was born in the KNR because it had no identification brand.
In contrast, horses that had been introduced to the KNR from
breeding centres all had permanent identification brands.

Materials and methods

The animal work was approved by the Beijing Forestry
University of China’s Key Laboratory of Noninvasive Research
Technology for Endangered Species. Parascaris and
Gasterophilus specimens were collected, rinsed in
phosphate-buffered saline (PBS), transported immediately to
the parasitology laboratory and identified using a
stereomicroscope Leica MZ75 (Beijing Instrument Light
Technology Development co., Ltd, Beijing, China) and
Olympus–SZ4045TR (Olympus co., Ltd., Beijing, China) at a
magnification of 10–409. Necropsy procedures for the
identification of recovered parasites followed the methods
described by Ogbourne (1976). The gastrointestinal tract
(GIT) was divided into the following five portions: stomach,
small intestine, caecum, ventral and dorsal colons. Each part
was ligated to avoid mixing and processed separately.
During processing of the carcass, the head was examined
due to the presence of numerous bots within the
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nasopharynx. Larvae were identified by examining their
morphology under a light microscope using the keys of
Zumpt (1965), Lichtenfels et al. (2008) and Zaheri et al.
(2015).

Results

A total of 331 bots were removed from the oral aspect of the
soft palate (Fig 1). The specimens comprised 70 second
stage larvae and 261 mature third stage larvae of
G. pecorum, based on the presence of two lateral patches
of denticles and one central group. The stomach contained
2014 third stage larvae (L3) of G. pecorum (Fig 2). The
duodenum contained 23 L3 G. nigricornis, 20 L3 G. nasalis.

The intestines contained 106 Parascaris spp. and the
duodenum contained one Parascaris spp. Setaria spp. was
found on the serosal surface of the ascending colon, but its
origin is uncertain because these parasites can migrate freely
within the peritoneal cavity.

Discussion

To our knowledge, apart from Liu (2012), this is the first report
in China of parasites detected during an autopsy of a
Przewalski’s horse, which is an endangered species. In China,
research on the death of horses due to Gasterophilus has
been previously conducted (Hou and Chen 2004). The
quantity of parasites was markedly greater compared with
those in other cases in equids worldwide (Principato 1986;
Pandey et al. 1992; Maria and Katarzyna 2009). Zumpt (1965)
defined myiasis as ‘the infestation of live vertebrate animals
with dipterous larvae, which at least for a certain period,
feed on host’s dead or living tissues, liquid body substances,
or ingested food’. Such invasions may be benign in effect or
may result in mild to violent disturbances and even death.
The genus Gasterophilus comprises eight species of fly whose
larvae cause gastrointestinal myasis in equids. Only six of the
eight known Gasterophilus species occur in China, namely
G. pecorum, G. nasalis, G. nigricornis, G. haemorrhoidalis,
G. intestinalis and G. inermis (Soulsby 1982). In this study,
108 Parascaris spp. and 2346 G. pecorum, 20 G. nigricornis
and 23 G. nasalis larvae were recovered. Gasterophilus
pecorum is unique in that females lay their eggs on grass and
the leaves and stems of plants (Zumpt 1965). Infection occurs
when eggs are introduced into the oral cavity of a horse due
to foraging. Cogley et al. (1982), Cogley (1989) and Cogley
and Cogley (1999) conducted detailed research on the
migration of Gasterophilus in the digestive tract of equids and
found that intestinal wall perforation, gastric ulcers and
peritonitis may be associated with the migration of
Gasterophilus spp. larvae.

Gasterophilus pecorum is the most pathogenic species in
the genus and is distributed in Europe, Africa and Asia. Large
numbers of attached larvae can cause inflammation, hinder
swallowing and may result in death due to constriction of the
oesophagus (Sequeira et al. 2001; Taylor et al. 2007). In Asia,
severe lesions associated with G. pecorum have caused
death as a result of dysphagia, secondary to oesophageal
constriction and hypertrophy of the musculature of the
oropharynx and oesophagus (Hall and Wall 1995). An
epidemic of G. pecorum infestation during the winter of
1946–1947 was reported in southern Kazakhstan and caused
the death of 160 horses (Zumpt 1965), each of which had
100–250 bots attached to the soft palate. Therefore, the
presence of 43 bots firmly attached to the oral aspect of the
soft palate likely led to dysphagia in the mare in this article.
The damage due to the huge number of G. pecorum in the
stomach and oral cavity was serious and these parasites may
be responsible for severe clinical signs in infected animals in
this horse. Clinical signs such as quidding and coughing
during eating may have been present and upper airway
obstruction may also have occurred.

Parascaris spp. are often present in captive horses but are
rare in wild populations. However, 108 Parascaris spp. were
found in the horse in this study. Cross infection may have
occurred because wild horses gathered together at fences
to access supplementary food resources supplied during food
shortages due to extreme weather.

Gasterophilus nigricornis is a rarer species of Gasterophilus,
but is widely distributed over the southern Asiatic parts of the
Palaearctic region. In the east, it has been recorded from
China and Mongolia and in the west from Bessarabia and
the Crimea (Zumpt 1965). Its occurrence in Spain and

Fig 1: Oral aspect of the soft palate of a 6-year-old horse
showing bots.

Fig 2: Gasterophilus in the stomach of the horse.
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Sardinia may be due to the importation of infected horses
from eastern countries. In China, Li et al. (2007) reported the
new pathogen G. nigricornis and Liu (2012) reported that
Przewalski horses in the KNR had an infection rate of 4.79%.
The mechanism of lesion formation by Gasterophilus has
been previously investigated (Cogley et al. 1982; Cogley
1989; Murray et al. 1996; Sandin et al. 2000; Yang et al. 2013).
In this study, lesions were found in the mouth and stomach of
the horse associated with second and third stage
Gasterophilus larvae. The lesions resulted from larvae
burrowing through the top millimetre of the tongue and
becoming embedded in the interdental gingiva. Lesion
appearance was dependent on the degree of larval
burrowing activity and healing that had taken place (Cogley
et al. 1982; Cogley 1989). Gastroduodenal ulceration is
prevalent in foals and adult horses and causes decreased
performance and fatal complications (Bezdekova et al.
2007).

In addition, intestinal rupture, peritonitis, volvulus and
obstruction caused by Parascaris spp. may have been
responsible for the accidental death of the horse described
herein. In summary, although ascarids and nematodes are
rare in wild horses compared with those in captivity, an in
depth study should be performed to avoid a repetition of
this tragic event. Equine veterinary surgeons in China should
be aware of the presence of this parasite and the clinical
signs of infection.
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Summary
Hypoglycin A (HGA) was detected in blood and urine of a
horse suffering from atypical myopathy (AM; Day 2, serum,
8290 lg/l; urine: Day 1, 574, Day 2, 742 lg/l) and in its
cograzing partners with a high variability (46–1570 lg/l
serum). Over the period of disease, the level of the toxic
metabolites (methylencyclopropylacetic acid [MCPA]-
conjugates) increased in body fluids of the AM horse
(MCPA-carnitine: Day 2, 0.246, Day 3, 0.581 lmol/l serum;
MCPA-carnitine: Day 2, 0.621, Day 3, 0.884 lmol/mmol
creatinine in urine) and HGA decreased rapidly (Day 3,
2430 lg/l serum). In cograzing horses MCPA-conjugates were
not detected. HGA in seeds ranged from 268 to 367 lg/g.
Although HGA was present in body fluids of healthy
cograzing horses, MCPA-conjugates were not detectable, in
contrast to the AM horse. Therefore, increasing concentrations
of MCPA-conjugates are supposed to be linked with the
onset of AM and both parameters seem to indicate the
clinical stage of disease. However, detection of HGA in body
fluids of cograzing horses might be a promising step in
preventing the disease.

Introduction

Recent studies have identified hypoglycin A (HGA) in seeds of
some Acer spp. as the causal agent of atypical myopathy or
the similar disease called seasonal pasture myopathy in horses
(Valberg et al. 2013; Votion et al. 2014; Bochnia et al. 2015;
Boemer et al. 2015; Carlier et al. 2015; _Zuraw et al. 2016).
Equine atypical myopathy is a nonexercise-induced
rhabdomyolysis of pastured horses occurring mainly in autumn
or the subsequent spring and affects mostly respiratory and
postural muscles with a high fatality rate for which there is no
specific treatment available currently (Cassart et al. 2007;
Votion and Serteyn 2008; Votion et al. 2009; _Zuraw et al. 2016).
Confirmed sources of HGA are Acer pseudoplatanus in
Europe (Unger et al. 2014; Bochnia et al. 2015) and Acer
negundo in North America (Votion et al. 2014; Westermann
et al. 2016). In comparison, the species Acer campestre and
Acer platanoides did not contain detectable HGA
concentrations (Westermann et al. 2016). After ingestion of

seeds containing HGA, the toxin is metabolised to
methylencyclopropylacetic acid (MCPA). This toxic
metabolite is known to disrupt fatty acid ß-oxidation by an
acquired enzymatic deficiency of multiple acyl-CoA
dehydrogenases (MADD) (Westermann et al. 2008; Sponseller
et al. 2012). Acquired MADD may also affect human patients
following the ingestion of unripe ackee (Blighia sapida) fruits
containing HGA (Whitacker et al. 2007). As a consequence,
there is excessive myofibre lipid storage and fatty acids
conjugated with carnitine and glycine accumulate in serum
and urine (Westermann et al. 2008). Clinical manifestations
include, besides a mild colic at the beginning, muscular
weakness, stiffness, trembling, sweating and myoglobinuria
(Westermann et al. 2008; van Galen et al. 2012a). After the
development of recumbency and respiratory difficulties, more
than 75% of all cases die or are subjected to euthanasia
(Hosie et al. 1986; Brandt et al. 1997; Delguste et al. 2002).

The proof of HGA intoxication was documented (Bochnia
et al. 2015; Boemer et al. 2015; Carlier et al. 2015) and the
toxic agent as well as toxic metabolites were shown to be
detectable in blood and urine. However, most of the studies
were done on clinically affected horses. Baise et al. (2016)
and Bochnia et al. (2015); however, tested both horses
suffering from AM and apparently healthy cograzing horses,
but this at an individual time point only when the body fluids
were accidentally available. The aim of the present study
was to monitor HGA and MCPA-conjugates in blood and
urine of an affected horse over a 3-day persisting clinical
period of AM in order to get information about the
progressive course of the disease and to compare it with
healthy cograzing horses.

Materials and methods

Case history
In October 2014, a 10-month-old Warmblood filly (affected
horse: AH) was kept on pasture with access to sycamore
maple seeds together with four cograzing partners (CG1–4,
aged 10 months–28 years, Table 1). On 23 December 2014
(first day of disease), AH developed acute clinical signs of
muscle pain and weakness as well as typical colic symptoms.

© 2016 EVJ Ltd

24 EQUINE VETERINARY EDUCATION
Equinevet.Educ.(2018) 30 (1)24-28

doi:10.1111/eve.12596

mailto:mandy.bochnia@landw.uni-halle.de


The farm veterinarian diagnosed rhabdomyolysis and
conducted initial treatment based on the clinical signs, but
the horse’s health deteriorated continuously and it was
admitted to the clinic on the same day. On the third day (25
December 2014) of disease, a rapid progression of clinical
signs (e.g. myoglobinuria, trembling, sweating) was observed
and the horse was subjected to euthanasia at the clinic.
Within the time of disease three serum samples (Day 2, 2
serum samples; Day 3, one serum sample) and two urine
ante-mortem samples (Day 1, Day 2) were collected from the
horse. Five weeks later, serum samples from the cograzing
partners, which were clinically normal, and maple tree seeds
collected from private land with permission of the owners
were additionally included into the study. Blood samples
were taken as part of routine screening. All samples were
frozen at �20°C until analysis. The sampling procedure was
performed to get pooled samples (n = 5) as described by
Unger et al. (2014) and Bochnia et al. (2015). Additionally, the
veterinarians interviewed the horse owners about the course
of the disease (herd structure according to breed, age and
sex, first admission to the pasture, supplementary feeding,
hours on pasture per day).

MCPA conjugate analysis
Concentrations of acylconjugates identified as MCPA-
carnitine and -glycine in serum and urine samples were
analysed by ultra-performance liquid chromatography
tandem mass spectrometry (UPLC-MS/MS) according to the
protocol from Sander et al. (2016).

Hypoglycin A analysis
Hypoglycin A was analysed by LC-electrospray ionization-MS/
MS and quantified as its Fmoc-derivative according to the
protocol for amino acid determination published by Ziegler
and Abel (2014) and Bochnia et al. (2015). The horse owners
gave permission for the HGA measurement in the available
body fluids.

For comparison of MCPA-conjugates and HGA in body
fluids of the horse with AM and the cograzing partners, data
from control horses (Bochnia et al. 2015) with no clinical signs
and no access to seeds from Acer pseudoplatanus were
taken. In this study, the same analytical procedures were
performed as in the current study.

Results

Owner’s observation and frame conditions
All horses were kept on pasture 24 h/day and were
supplemented twice daily with cereal grains and carrots.

Additionally they had hay ad libitum provided in a hayrack. A
special ranking of the horses was not observed and all horses
had an opportunity to ingest equal amounts of cereals and
hay. Horse AH and CG4 had access to this pasture for the first
time in comparison to CG1–3 which were kept on this pasture
over several years. The owners reported an all-over seed cover
on the soil. Especially the oldest pony (CG3) had eaten from
the soil separating cereals and carrots from toxic sycamore
maple seeds. A deliberate ingestion of the seeds was not
observed, but owners could not exclude an accidental intake.

Clinical findings
The affected horse was initially presented for examination at
the farm for increasing stiffness and colic. Examination
revealed mildly elevated heart rate (44–56 beats/min) and
respiratory rate (48 breaths/min) with a normal rectal
temperature. The filly appeared depressed and lethargic and
was painful on palpation over the back and rump, but was
still eating with a moderate appetite. Initial therapy was
conducted with 5 ml/100 kg bwt butylscopolamine
metamizole and 1.1 mg/kg bwt flunixin meglumine. The filly
was then admitted to the Dom€ane Karthaus veterinary clinic
for horses for further diagnostic steps and intensive care
including intravenous administration of fluids (70–100 ml/kg
bwt/day [maximum 25 l/day] mixed from sodium chloride,
ringer-lactate, sodium bicarbonate; all 12 hrs: 1.1 mg/kg bwt
flunixin meglumine and 30 mg/kg vitamin C). The first
available blood sample from the second day of disease
showed marked increases in creatinine kinase (CK: 58,205 u/l;
normal CK activity in Warmblood type horses: 146–346 u/l,
Koeller et al. 2014) and lactate dehydrogenase (LDH: 53,990
u/l; normal LDH activity in Warmblood type horses: 293–822 u/
l, Koeller et al. 2014). The colour of the urine was reddish or
nearly brownish. Despite the intensive care, the filly could not
be stabilised and it was subjected to euthanasia on the third
day when recumbency became permanent. The cograzing
partners were clinically normal over the whole time.

MCPA-carnitine and acylcarnitine in serum and urine
Serum and urine acylcarnitine profiles resembled that of
MADD in the analysed samples AH (Table 2). The first
available blood sample from Day 2 of disease showed a very
high concentration of MCPA-carnitine (0.246 lmol/l). The
concentrations of medium chain acylconjugates in the serum
were 10 times higher than controls. The second available
blood sample taken in the afternoon from Day 2 of disease
showed a slight decrease in the concentration of serum
MCPA-carnitine (0.197 lmol/l). MCPA-glycine concentration
in the first blood serum sample of Day 2 was similarly elevated
to that taken on the third day of disease, but the
concentration of MCPA-carnitine was more than double
(0.581 lmol/l, Fig 1). Urine MCPA-glycine as well as -carnitine
concentrations were extremely high in comparison with the
data of control horses (Bochnia et al. 2015). Medium chain
acyl conjugates in urine exhibited 1000 times higher levels
compared with control samples. In healthy, cograzing
partners the concentrations of MCPA-carnitine in serum as
well as MCPA-glycine in urine were below the detection limit.

Hypoglycin A in seeds and body fluids
Hypoglycin A concentrations in sycamore maple seeds
ranged from 268 to 367 lg HGA/g (n = 5 pooled samples).
Body fluids of AH contained HGA in extremely high

TABLE 1: Specific characteristics of the affected horse and
cograzing partners on the same pasture

AH* CG1 CG2 CG3 CG4

Age (years) <1 6 14 28 <1
Sex Stallion Gelding Stallion Stallion Stallion
Breed WB WB Pony Pony WB
First access to
the pasture
in question

10/2014 2010 2009 2013 10/2014

AH, affected horse; CG(1–4), cograzing partners; WB, Warmblood.
*outbreak of AM in 12/2014.
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concentrations on the second day of disease (sample 1:
8290 lg/l serum; sample 2: 8230 lg/l, Fig 1) with a large
decrease in the serum on the third day of disease (2430 lg/l
serum, Table 2). Fast metabolism of HGA into toxic
metabolites is indicated by the strongly increased levels of
MCPA-carnitine and the medium chain acylconjugates on
the third day, which were more than double in comparison
to the previous day (Fig 1). In urine, HGA levels were
approximately 10 times lower than in serum, but much higher
than in controls.

Hypoglycin A concentrations in serum in cograzing
partners varied considerably (46–1570 lg/l). The highest HGA
concentration was measured in horse CG4 being 1570 lg/l,

which is in the range of affected horses from previous studies
(Bochnia et al. 2015). Any metabolism of HGA into the toxic
MCPA-conjugates has not been demonstrated in this horse,
because the toxic metabolites were not verifiable in the
serum. Obviously, this horse ingested HGA containing seeds,
but did not acquire the necessary toxic amount to be
poisoned. Based on this finding, access to pasture was closed
off to all horses.

Discussion

Bochnia et al. (2015) recommended analysing HGA in body
fluids of cograzing, clinically healthy horses to identify horses

TABLE 2: Measured concentrations of methylencyclopropylacetic acid (MCPA) conjugates, acyl carnitines (C4:1–C10:1) determined by
ultra-performance liquid chromatography tandem mass spectrometry and hypoglycin A (HGA) in blood serum and urine of affected
and cograzing horses analysed by liquid chromatography-electrospray ionization-tandem mass spectrometry compared to controls

Acylcarnitines and
MCPA-conjugates

AH

Control
urine†

CG1 CG2 CG3 CG4

Control
serum†

Serum [lmol/l]
Urine [lmol/
mmol creatinine] Serum [lmol/l]

24 Dec 2014*
25 Dec
2014*

23 Dec
2014*

24 Dec
2014* 1 Feb 2015*Sample1 Sample2

MCPA-glycine 0.026 0.043 0.025 0.924 0.812 ‡ ‡ ‡ ‡ ‡ ‡
Valeryl-glycine 4.12 4.45 10.71 220.66 156.30 0.50 0.26 0.23 0.25 0.86 ‡
Hexanoyl-glycine 2.65 2.93 8.67 263.33 276.13 ‡ 0.31 0.31 0.39 0.42 ‡
Isobutyryl-carnitine 3.44 3.53 7.72 27.20 43.64 0.31 0.45 1.23 1.06 0.30 0.54
Butyryl-carnitine 45.39 46.77 159.45 57.14 93.66 0.01 0.44 0.87 0.85 0.86 0.67
Isovaleryl-carnitine 12.86 12.91 41.12 23.80 30.96 0.01 0.11 0.26 0.22 0.18 0.18
Valeryl-carnitine 0.91 0.94 4.19 7.61 12.61 ‡ 0.01 0.01 0.01 0.01 ‡

MCPA-carnitine 0.246 0.197 0.581 0.621 0.884 ‡ ‡ ‡ ‡ ‡ ‡
Hexanoyl-carnitine 6.51 5.18 34.36 40.69 49.18 ‡ 0.08 0.11 0.34 0.43 0.24
Octanoyl-carnitine 0.59 0.49 1.81 10.15 11.10 ‡ 0.04 0.05 0.07 0.09 ‡
Decenoyl-carnitine 0.27 0.19 0.56 7.37 8.75 ‡ 0.01 0.01 0.01 0.07 ‡
Hypoglycin A (lg/l) 8290 8230 2430 742 574 § 46 61 196 1570 §

AH, affected horse; CG(1–4), cograzing partners on the same pasture.
*Date of sampling.
†Data published by Bochnia et al. (2015).
‡Below limit of detection, Bochnia et al. 2015.
§Below limit of detection (<10 lg/l).
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Fig 1: Measured concentrations of hypoglycin A (HGA) and methylencyclopropylacetic acid (MCPA) conjugates and the trend of the
parameters during the AM disease in the horse suffering from atypical myopathy.
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consuming toxic seeds that thus might have an elevated risk
of becoming diseased. Indeed, all investigated cograzing
horses in the present study seemed to be clinically healthy,
but showed detectable HGA levels in a wide variation and,
therefore, are suggested to have a potential risk of
developing AM disease. Exclusively, the presence of both
HGA and MCPA-conjugates in body fluids seems to indicate
the clinical status of AM.

Atypical myopathy is a usually fatal, acute
rhabdomyolysis affecting grazing horses in various parts of the
world (Votion et al. 2009). It can affect any breed and age,
but tends to affect younger horses (van Galen et al. 2012b),
which were part of the present study. All horses had access
to the potential toxic seeds, but the two youngest (AH, CG4)
with the comparatively shortest duration of stay on this
pasture had the highest serum HGA concentration. For what
reason AH developed the disease that resulted in the fatal
outcome and the counterpart (CG4) with extremely high
HGA concentration in the blood did not, is not clear. The
other cograzing partners were kept on this pasture over
several years without any problems, which might be
explained by: (1) a per se more sensitive feed intake
behaviour; (2) a learned aversion developed over a longer
period of time; or (3) particular effective metabolic strategies
for detoxification. Maybe the timeframe of 5 weeks between
the two sampling times (AH versus CG) had an effect on the
HGA concentrations, but to answer this question, permanent
monitoring of these cograzing horses would have been
necessary. A study by Gr€ondahl et al. (2015) detected AM
horses in comparison to cograzing horses. One month after
the disease, one surviving case and the cograzers were still
positive for HGA. However, in which way a possible
detoxification might work is, to the authors’ knowledge, not
yet substantiated. Nevertheless, a potential intoxication
depends on the availability of highly toxic seeds (Bochnia
et al. 2015). The recommendation to provide additional food
to diminish the time spent grazing and thereby to reduce the
possibility to ingest the proposed toxin cannot be
substantiated (van Galen et al. 2012a,b; Westermann et al.
2016). Due to the fact that horse owners did not observe a
special ranking of the animals, all horses had the possibility to
ingest equal amounts of cereals and hay, which was
provided ad libitum in a hayrack on pasture. Further
recommended steps to prevent the ingestion of toxin can
include moving the horse to a safer pasture, decreasing the
size of the pasture (away from the trees), blowing away
seeds and leaves, or mowing and removing the sprouts
(comparably highest HGA content) (Westermann et al. 2016).

At this time, it is not known whether horses, at least
individual ones, are able to adapt to the toxin and if they do
what mechanisms for detoxification act. Further studies have
to clarify whether horses on pastures providing toxic seeds
react so individually.

Conclusions

Besides the essential information about the verified HGA
intoxication, the concentrations of both HGA and MCPA
conjugates in equine’s body fluids are crucial for
understanding toxin metabolism. The onset of disease is
currently associated with both high HGA contents in serum
and urine and verifiable high concentration of the toxic
metabolites as well. The combined elevation of both blood

parameters coincides with typical symptoms of AM. Horses
with relevant increases in MCPA conjugates are no longer
clinically unaffected and adequate therapies are currently
not available. This study can further verify that the
determination of HGA in serum (and if possible in urine) of
horses on predisposed pastures (either with Acer
pseudoplatanus/negundo or proved cases of atypical
myopathy on this pasture) and the equivalent consequence
afterwards could be a major step in preventing AM.
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Clinical Commentary

Analysing hypoglycin A, methylenecyclopropylacetic acid
conjugates and acylcarnitines in blood to confirm the diagnosis
and improve our understanding of atypical myopathy
D.-M. Votion

Equine Pole, Fundamental and Applied Research for Animals & Health (FARAH), Faculty of Veterinary Medicine,
University of Liege, Belgium.
Corresponding author email: dominique.votion@ulg.ac.be

Summary
Owing to recent methodological validation studies, we
have now the opportunity to determine hypoglycin A,
methylenecyclopropylacetic acid–carnitine and acylcarnitines
concentrations in equine serum. These analytes are essential to
confirm the diagnosis of atypical myopathy but also to improve
our understanding of the pathophysiology of the disease. In
particular, they might help elucidate why some horses seem
more resistant to hypoglycin A poisoning.

Once ingested, hypoglycin A (HGA) may be metabolised
into methylenecyclopropylacetic acid-CoA (MCPA-CoA),
which disrupts fatty acids metabolism (Ikeda and Tanaka
1990) thus depriving horses from the most efficient
metabolic pathway in terms of energy yield (i.e. oxidative
metabolism). The toxic metabolite MCPA may form an ester
with carnitine but also with glycine, the latter being
excreted more readily into the urine (Shih and Tanaka
1978).

In their study, Bochnia et al. (2018) suggest analysing HGA
and MCPA-conjugates in body fluids (i.e. serum and urine) of
pasturing equids to indicate the clinical status regarding
atypical myopathy: healthy vs. diseased animal. When
concentrations of HGA and MCPA-esters have been
measured concurrently in blood and urine, both media gave
the same information regarding the clinical status (Bochnia
et al. 2015). As blood samples are easier to obtain than urine
in equids, it seems reasonable to focus on blood collection.
So now, owing to recent methodological validation studies,
we may use blood samples to determine HGA and MCPA-
carnitine concentrations (Boemer et al. 2015; Carlier et al.
2015; Sander et al. 2016) but also to establish the
acylcarnitine profile in serum, which enables us to confirm the
diagnosis of atypical myopathy (Westermann et al. 2008;
Baise et al. 2016; Sander et al. 2016).

Determination of HGA concentration in body fluid in
horses exposed to seeds and seedlings of Acer
pseudoplatanus may be useful to confirm ingestion of this
toxic precursor (Bochnia et al. 2015; Baise et al. 2016). In
some European regions where A. pseudoplatanus is
ubiquitous, exposure to HGA is very difficult to control as
the configuration of maple samaras favours seed dispersal
far away from the mother tree (Katul et al. 2005). It is likely
that all horses grazing nearby sycamore maples have, to
varying degrees, HGA circulating in their blood. This
hypothesis should be checked to verify that determination

of HGA in serum of horses on risky pastures is of potential
interest.

Atypical myopathy is a seasonal disorder but the toxicity of
seeds and seedlings may vary according to seasons. In
the present study (Bochnia et al. 2018), maple tree seeds were
collected in February and we cannot exclude the possibility
that HGA concentrations found in the seeds, however
significant, were much lower than those that would have
been found 5 weeks earlier when the affected horses
became ill. For unknown reasons, outbreaks of the condition
usually stop at the start of the winter and cases are rarely
recorded after 1st January (see Supplementary Information in
Van Galen et al. 2012a). Is there an initial HGA load required
to trigger the disease and/or MCPA-CoA formation? If so, it is
difficult to have any idea about the true clinical status of
apparently healthy cograzers at the date of the onset of
atypical myopathy in the affected animal (i.e. 23 December).

We presume that HGA analysis in maple tree seeds was
performed as previously described (Bochnia et al. 2015). We
would like to take the opportunity of this invited commentary
to stress the fact that comparison of results about HGA
concentrations in plant extracts among studies is almost
impossible since the methodologies used differ drastically
(Unger et al. 2014; Bochnia et al. 2015; Baise et al. 2016;
Westermann et al. 2016). In particular, the solvent used (e.g.
milliQ water vs. methanol) and the extraction time (not
always mentioned in publications) are two factors that affect
the accuracy of methods.

For what reason a horse, donkey or zebra develops
atypical myopathy while others, kept on the same pasture,
remain free of signs needs to be elucidated. Several risk
factors associated with individuals such as the young age
have been identified (Votion et al. 2009) but it is always
difficult to determine if the associated risks are of behavioural
or metabolic nature. Are younger horses more at risk because
they would eat with less discrimination or because these
growing animals have higher energetic demand? Is it
worthless to recommend to provide additional food to
prevent atypical myopathy? Extrapolation of the results from
studies performed on laboratory animals to horses must always
been performed with caution but a protective effect
associated with feeding has been demonstrated in rats
poisoned with HGA (Brooks and Audretsch 1971a).
Complementary feed may contain vitamins and antioxidants
that have been identified as the only therapeutics to be
beneficial for survival (Van Galen et al. 2012b). Among them,
riboflavin (vitamin B2) has been shown to prevent liver
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mitochondrial damage in rats when administered before
HGA (Brooks and Audretsch 1971b). In the present study,
complementary feeding did not prevent atypical myopathy in
one horse but who knows how many cograzing horses would
have got sick if no horse had received additional feeding? It is
interesting to note that even in experimental rats (i.e. highly
standardised laboratory animals) receiving exactly the same
food ad libitum, the protective effect of feeding against the
effects of HGA is variable (Brooks and Audretsch 1971a).

Is there an intrinsic or acquired resistance to the toxic
metabolite in these equids (or rats) that remain healthy
despite HGA exposure? We can fully agree with the authors
that we need to elucidate if some individuals are able to
adapt to the toxin and, if so, which mechanisms lead to
detoxification.

Since the discovery of the cause of atypical myopathy,
several methodologies have been developed and validated
that will help us to go further into our understanding of the
pathophysiology of this awful disease and this comprehension
will be of great help to prevent and hopefully to treat it.
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hindlimb. The toe of the right hind foot is rotated laterally
during stance. There is asynchronous placement of the
hindlimbs at take-off, with the left hindlimb placed first
temporally. The hindlimbs drift slightly to the left during the
ascent part of the suspension phase. The right hindlimb is
extended before the left hindlimb during the descent part of
suspension and lands first. Note the vertical bounce of the
saddle.

Supplementary Item 3: Horse 4 on a left turn showing hock
oscillation. The inside hindlimb is placed in front of the outside
hindlimb, with trunk lean and hindlimb lean. The saddle slips
to the right. On the approach, the horse elevates its head.

Supplementary Item 4: Horse 6 on the approach after a left
turn. The head is up and the mouth open. The horse starts
with the left forelimb leading and becomes disunited in
approach stride 2. At take-off, the left hindlimb is placed
temporally ahead of the right hindlimb.

Supplementary Item 5: Horse 10 on the approach after a left
turn. The horse overshot on the turn. There was obvious hock
oscillation bilaterally, left > right. At approach stride 1 the right
forelimb was placed long before the left hindlimb, which
landed after the left forelimb landed. The right hindlimb was
placed long after the left hindlimb for take-off, but push-off
was remarkably symmetrical.
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Summary
This report describes the clinical experience with internal
fixation of a sagittal and a medial parasagittal patellar
fracture using lag screws. Severely displaced sagittal and
medial parasagittal fractures of the patella were diagnosed in
2 horses (a 10-year-old Thoroughbred gelding and a 5-year-
old Thoroughbred mare) and were repaired using internal
fixation. A direct approach through the fascia latae was used.
In both cases, the leg was placed in full extension and the
fracture was corrected by a combination of digital
manipulation and application of bone reduction forceps.
Articular congruency was assured by arthrotomy and digital
assessment, and radiographic skyline projection. Then, the
leg was placed in flexion and two 5.5 mm cortical screws
with washers were inserted in lag fashion, under radiographic
guidance (skyline projection). In one case, an additional
6.5 mm cancellous screw was used. Both fractures healed
without evidence of degenerative joint disease. However, the
first horse’s wound dehisced, then healed by second intention
uneventfully. The second horse was put in a sling in order to
prevent lying down. Both horses were able to be used for
their intended purpose. In these clinical cases, sagittal and
medial parasagittal patellar fractures were treated
successfully by open reduction and internal fixation. Post-
operative management in a sling was used successfully in
the second case to prevent wound dehiscence.

Introduction

In horses, patellar fractures are often due to direct trauma
such as hitting a jump or being kicked by another horse (Parks
and Wyn-Jones 1988; Dyson et al. 1992; Fowlie et al. 2012).
Other conditions resulting in fragmentation of the patella are
osteochondral lesions (McIlwraith 1990) and fractures of the
distomedial aspect of the patella following medial patellar
desmotomy (Gibson et al. 1989; Wright and Rose 1989).

The configuration of traumatic fractures can be highly
variable. However, intra-articular parasagittal fractures of the
medial aspect of the patella are most commonly reported
(Dik and Nemeth 1983; Dyson et al. 1992; Marble and Sullins
2000). This typical parasagittal configuration of traumatic
fractures could be due to the position of the patella during
flexion of the stifle: it is held against the trochlear groove and
any direct impact will force it against the much larger medial
trochlear ridge resulting in a vertical fracture of the medial
part of the patella (McLellan et al. 2012). Various patterns of
fragmentation can be found, with small fragments resulting
from very medial fractures to very large fragments resulting
from parasagittal to sagittal fractures.

Surgery is recommended if the quadriceps apparatus is
disrupted, if the fracture gap is >5 mm or if articular
malalignment is obvious (Fowlie et al. 2012). Surgical options
include partial patellectomy via arthrotomy/arthroscopy or
internal fixation.

Internal fixation with lag screws and/or small dynamic or
locking compression plates (Fowlie et al. 2012) is possible but
few reports exist. To our knowledge, DeBowes et al. were the
first to describe a lag screw fixation of a transverse patellar
fracture in 1980. Aldrete and Meagher (1981) described a lag
screw fixation of a sagittal patellar fracture in a yearling
resulting in soundness 3 months after surgery. Hunt et al.
(1992) fixed a transverse and comminuted fracture of the
patella with a tension band wiring and lag screws
successfully.

Here, we describe two cases of articular sagittal and
medial parasagittal fractures of the patella in two mature
horses treated by open reduction and internal fixation using
5.5 mm cortical screws placed in lag fashion.

Case 1

History, clinical findings and diagnosis
A 10-year-old Thoroughbred gelding was kicked by another
horse in the stifle region. He was immediately
nonweightbearing lame at the walk, and unable to extend
his leg. Radiographic examination revealed a comminuted
and displaced fracture of the patella with a sagittal
component and a second transverse fracture line involving
the medial fragment (Fig 1).

Treatment
Food was withheld 12 h prior to surgery. Anti-inflammatory
drugs (phenylbutazone, Phenylarthrite1, 2.2 mg/kg bwt i.v.)
and antimicrobials (sodium penicillin, Penicilline G
Panpharma2, 22,000 iu/kg bwt i.v. and gentamicin, G43,
6.6 mg/kg bwt i.v.) were administered 30 min prior to surgery.

The horse was placed in dorsal recumbency under
general anaesthesia, with the affected limb connected to an
electric winch maintaining it in slight extension. After aseptic
preparation and draping, an S-shaped skin and fascia
incision was made, centred over the dorsal aspect of the
patella. The patellar fascia, the distomedial aspect of the
fascia latae and the capsule of the femoropatellar joint were
ruptured over the fracture line. The area was debrided and a
blood clot was removed. The rupture in the articular capsule
was elongated using Mayo scissors at the proximal aspect;
this arthrotomy approach provided visualisation of the
proximal articular margin of the patella involved in the
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fracture, and digital access to the proximal half of the
articular surface of the patella and to the medial femoral
ridge.

First, the smallest fragment was stabilised and fixed with a
single 6.5 mm cancellous screw and washer placed in lag
fashion to the distal medial fragment. No attempt was made
to reduce this nonarticular fragment completely as this would
have required deep dissection of the quadriceps muscle. The
goal was to fix the fragment in order to stabilise the medial
part of the distal insertion of the quadriceps muscle (rectus
femoris, vastus medialis and vastus intermedius muscles).
Fixation was judged satisfactory by placing the limb in
extension and flexion with digital palpation of the fragments.
The leg was then placed in full extension and the medial and
lateral articular fragments were repositioned to their normal
position by a combination of manual manipulation and
application of bone reduction forceps. Attention was paid to
create, as much as possible, an optimal reduction at the
articular surface: the surgeon digitally assessed the fracture
alignment and the restoration of the articular congruency by
putting his fingers (index and middle) under the patella, at
the proximal half of its articular surface. A radiographic
cranioproximal–craniodistal oblique (skyline) projection
showed a correct reduction of the caudal part of the
fracture gap. After stabilisation of the fragment by two bone
reduction forceps, the leg was placed in flexion, and two
5.5 mm cortical screws with washers were inserted in lag
fashion with the help of a C-clamp and radiographic
guidance based on skyline (Fig 2) and lateromedial
projections (Fig 3). After correction and stabilisation of the
fracture, the stability of the construct was assessed by
successively flexing and extending the leg using the winch.

The femoropatellar joint was flushed copiously with
approximately 5 L of lactated Ringer’s solution (Ringer
Lactate solution injectable4). The fascia latae was adapted
and sutured using 3.5 metric Polyglactin 910 suture material
(Vicryl5) in a continuous pattern. The subcutaneous tissue was
closed with the same suture material and pattern. The skin
was closed using skin staples, tension mattress sutures were
added at the distal part of the incision and a stent bandage
was sutured on the wound (Fig 4).

L

L

L

a)

b)

c)

Fig 1: Case 1: Preoperative left stifle radiographs. (a)
Lateromedial projection; (b) caudolateral–craniomedial 30°
oblique projection; (c) cranioproximal–craniodistal oblique
(skyline) projection.

Fig 2: Case 1: Perioperative left stifle radiograph: cranioproximal-
craniodistal oblique (skyline) projection.
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Immediate post-operative care and complications
Immediately after surgery, the horse showed a normal gait at
walk with only a slight reduction of the cranial phase of the
stride. The antimicrobial therapy (sodium penicillin 22,000
iu/kg bwt i.v. q.i.d. and gentamicin 6.6 mg/kg bwt i.v. once
daily) was continued for 5 days as well as phenylbutazone at
a dose of 2.2 mg/kg bwt i.v. once daily for 5 days, which was
then decreased to 1.1 mg/kg bwt i.v. for 5 more days. The
horse was tied using a mobile tie rope system, but managed
to lie down 11 days post-operatively. The wound dehisced
and was left to heal by second intention with daily local
wound care. The horse was sent home 7 weeks after surgery
with instructions to keep him on stall rest for two more weeks,
followed by hand walking for 1 month.

Case progression
Seven months post-operatively, the horse was presented for a
progress examination and, at this stage, the wound was
nearly closed. The horse showed no signs of lameness at walk
and trot. Radiographic examination revealed an excellent
healing of the fracture with no signs of degenerative joint
disease (Fig 5). The horse resumed amateur showjumping
competition activity 16 months after surgery.

Case 2

History, clinical findings and diagnosis
A 5-year-old Thoroughbred mare became severely lame after
a fall in which she slid into a wall. The clinical signs were very
similar to the first case. Radiographic examination revealed a
severely displaced medial parasagittal fracture of the patella
(Fig 6).

Treatment
As in the first case, the mare was anaesthetised, placed in
dorsal recumbency and the surgical area was prepared
aseptically for surgery.

Again, a direct approach to the fracture line through an S-
line incision was adopted. The articular surface was reduced
by manual manipulation and application of bone reduction
forceps, with the leg in full extension. The quality of reduction
was checked with direct palpation of the proximal half of the
articular surface of the patella and using radiographic control
(skyline projection). Using a C-clamp, two 5.5 mm cortical
screws were placed with washers in lag fashion perpendicular
to the fracture line from medial to lateral (Fig 7). The surgical
wound incision was closed as in the first case.

Immediate post-operative care
The mare was fully weightbearing at the walk after surgery.
Five days of antimicrobial therapy (sodium penicillin and
gentamicin) and 10 days of anti-inflammatory drugs
(phenylbutazone) were administered, similar to the first case.
The mare was put in a sling for 14 days to prevent her from
lying down and was discharged 3 weeks after surgery with
instructions to keep her on stall rest for 1 month and then to
introduce progressive hand walking for the next month.

Case progression
The mare was presented for a progress examination 3 months
post-operatively with no lameness at the trot and excellent
healing of the incision. Radiographic examination revealed a

a)

b)

Fig 3: Case 1: Post-operative left stifle radiographs. (a)
Lateromedial projection; (b) cranioproximal–craniodistal oblique
(skyline) projection.

Fig 4: Case 1: Left stifle wound, after removal of the stent
bandage 24 h post-operatively.
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complete healing of the fracture with no signs of
degenerative joint disease (Fig 8). A phone interview with the
owner, 4 months later, concluded that the mare had
returned to a satisfactory level of pleasure riding.

Discussion

The goals of internal fixation in these patellar fractures were first
to provide immediate stability of the fracture in order to restore
full weightbearing and to prevent contralateral limb laminitis,
and secondly to ensure optimal reduction at the articular
surface, in order to prevent osteoarthritic changes (Aldrete
and Meagher 1981; Colbern and Moore 1984; Parks and Wyn-
Jones 1988; Dyson et al. 1992; Gebhard et al. 2008). In these
two cases, there was a major displacement of the fragments
and conservative management would probably have resulted
in instability and major degenerative joint disease. Indeed, in
both cases reported here, fractures involved the medial
aspect of the patella on which the medial parapatellar
fibrocartilage is inserted. This fibrocartilage has a major role in

the mechanism of the patellar fixation at rest, sliding over the
tuberculum of the medial ridge of the femoral trochlea and
locking in the sulcus. Moreover, the thin medial femoropatellar
ligament which inserts on the medial parapatellar
fibrocartilage has a role in lateromedial stability of the patella.

Surgical treatment options include partial patellectomy
(Colbern and Moore 1984; Parks and Wyn-Jones 1988) and
internal fixation (Aldrete and Meagher 1981; Fowlie et al.
2012). Partial patellectomy in horses with traumatic fractures is
possible with fragments up to one-third of the patella
(Colbern and Moore 1984; Parks and Wyn-Jones 1988; Dyson
et al. 1992). Outcome with direct arthrotomy is described as
fair to good. Dyson et al. (1992) described the largest case
series, with 10 out of 15 horses returning to full athletic
function (two horses were subjected to euthanasia and one
horse had pre-existing degenerative joint disease). Horses
were slowly returned to work 3–6 months after surgery. Parks
and Wyn-Jones (1988) reported that four out of five horses

a)

b)

Fig 5: Case 1: 7 month post-operative radiographs. (a)
Lateromedial projection; (b) cranioproximal–craniodistal oblique
(skyline) projection.

M
ED

a)

b)

Fig 6: Case 2: Preoperative right stifle radiographs. (a)
Lateromedial projection; (b) cranioproximal–craniodistal oblique
(skyline) projection.
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with partial patellectomy were sound after 18 months.
Colbern and Moore (1984) described one case, which was
sound 8 months after surgery. Marble and Sullins (2000)
described a partial patellectomy using an arthroscopic
approach, and four out of five horses recovered to the same
or higher level of athletic function 3–5 months after surgery.

Partial patellectomy was not an option for the first case in
this report, as the comminuted and displaced fracture
involved half of the patella. In the second case, the size of
the medial fragment just exceeded one-third of the patella
with irregular borders of the remaining fragment. A partial
patellectomy might have been attempted, but due to the
potential risk of resulting osteoarthritis as well as the
encouraging results of the first surgery, we decided to treat
this fracture by open reduction and internal fixation.

A direct approach was made to the fracture line, as the
patellar fascia, the distocranial aspect of the fascia latae
and the femoropatellar articular capsule were disrupted at
this site. This approach provided direct access to the part of
the proximal articular margin of the patella involved in the
fracture and it allowed the reduction of the proximal aspect
of the fracture at the joint surface to be accurately assessed
digitally. Indeed, the surgeon could put his fingers, index and
middle, between the patella and the femoral trochlea. This
allowed palpation of the proximal half of the articular surface
and allowed the surgeon to verify the restoration of articular
congruency at the proximal part of the fracture line after
reduction.

The winch allowed positioning the leg in full extension for
reduction of the fracture, followed by flexion for positioning of
the screws with radiographic guidance using a skyline
projection. Use of CT has been described to assist lag screw
fixation of the patella in a foal (Lacourt and D’Ablon 2012).
With the development of new generations of CT scanners,
this technique might be used in the future in selected cases
of patellar fracture reduction in mature horses.

The C-clamp proved very useful for positioning the screw
due to the crescent shape of the patella with a concave
border at the articular surface and the large mass of soft
tissue in which it is embedded (Hunt et al. 1992). Washers
were placed at the head of the screws to prevent
penetration into the soft patellar bone and the medial
parapatellar fibrocartilage.

In both cases, two 5.5 mm cortical screws were used to
reduce the articular fracture gap and to reinforce the patellar
bone; 5.5 mm cortical screws provide better stability and less
risk of bending than 4.5 mm cortical screws. A discrete
bending of the proximal mediolateral screw was observed
post-operatively in Case 1. This demonstrates the large
distraction forces on the patella. The patella is pressed against
the femoral trochlea resulting in caudal (articular) pressure
forces and cranial distraction forces that open the fracture
gap cranially. We believe that the screws placed in a
transverse fashion across the fracture gap might transfer the
caudal pressure forces towards the cranial aspect of the
fracture gap resulting in pressure on the cranial aspect of the
patella. If the reduction is optimal (as in Case 2) this might
allow bone healing of the fracture without callus formation.
However, the large forces might indicate the need for a dorsal
tension wiring band in order to counteract the large distraction
forces. The use of an overlying tension band is indicated in
cases of transverse patellar fracture with disruption of the
quadriceps apparatus to reinforce the lag screws because of
the pull of the strong quadriceps muscle. In both cases
reported here, fractures were sagittal and medial parasagittal,
in the same orientation as the tension of the quadriceps

Fig 7: Case 2: Post-operative right stifle radiograph: lateromedial
projection.

a)

b)

Fig 8: Case 2: 3 month post-operative radiographs. (a)
Lateromedial projection; (b) cranioproximal–craniodistal oblique
(skyline) projection.
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muscle on the patella, and screws were placed perpendicular
to this orientation. This reduces the need for additional forces
and might explain the good outcome without a cranial tension
band in the present two cases.

For Case 2, the reduction was complete and screws were
placed in lag fashion with full compression. In the Case 1, the
reconstruction was correct to suboptimal at the articular
margin. This cannot be called a complete reduction because
the lag screw fixation was not in full compression and the
fracture gap was still obvious at the cranial aspect of the
patella. By flexing and extending the limb using the winch, it
could be seen that there was no gap at the articular surface
between the two main fragments with the limb in extension
and, in full flexion, a very small gap (<1 mm) was observed.
However, we believe that the stability was enough to lead to
a good outcome with almost no signs of osteoarthritis
post-operatively, and a horse that was not lame at the trot
and could be used for amateur showjumping. Concerning the
minor transverse and non-articular component of the fracture
in Case 1, a 6.5 mm cancellous screw was used to fix the small
proximomedial fragment; this fixation was suboptimal as the
larger fragment could have been engaged more by the
threaded portion of the screw. The fixation and stability were
checked using extension and flexion of the limb on the winch
and were found to be adequate during surgery. Radiographic
examination at 3 and 7 months post-operatively showed
stability of the osteosynthesis material.

At progress examinations, attention was paid to evaluate
the horses’ locomotion and the degree of femoropatellar
synovial effusion. Radiographic examination was performed
to evaluate fracture healing, to verify the stability of the
osteosynthesis material and to assess development of
degenerative joint disease. Restoration of normal joint
biomechanics and restriction of degenerative changes are
important parameters to be considered in articular fracture
management. These are critical in determining whether the
horse can return to its intended use.

In several reports, it has been recommended to keep the
horse tied short after surgery in order to minimise wound
complications (especially seroma formation and wound
dehiscence) (McIlwraith 1990; Dyson et al. 1992). The first
horse managed to lie down and wound dehiscence
occurred even though it was tied short. This was prevented in
the second case with the use of a sling. The dehisced wound
of Case 1 healed by second intention without any clinical
consequences. Both horses were lightweight (Case 1: 523 kg,
Case 2: 458 kg), but the use of a sling should allow successful
outcome in heavy horses because it helps horses to have
some rest without laying down. This should reduce risk of
wound dehiscence and contralateral limb laminitis.

We reported the open reduction and internal fixation of
two traumatic articular sagittal and medial parasagittal
patellar fractures in two mature Thoroughbred horses. For one
horse, the fracture was not completely reduced, but the
surgical reconstruction allowed stability to be restored and a
correct articular congruency, and we observed fracture
healing with a good functional outcome. The patellar fracture
of the second horse was completely reduced. Both horses had
excellent post-operative comfort and rapid healing.
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Clinical Commentary

Fractures of the patella
J. A. Auer and J. M. Kümmerle*
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Fractures of the patella are infrequently diagnosed in equine
traumatology (Dik and Nemeth 1983).

The most common configuration is a medial parasagittal
fracture (Fig 1) (Fowlie et al. 2012). These fractures typically
occur while the stifle joint is partially flexed, e.g. when
jumping over a fixed obstacle during hunts and eventing
competitions. During joint flexion, the patella is fixed in the
femoral trochlea. A direct cranial trauma in this position
compresses the patella against the prominent medial
trochlear ridge, which can result in fracture of the medial
aspect of the patella (Marble and Sullins 2000; McLellan et al.
2012).

Conservative management can result in a successful
clinical outcome for certain fracture configurations (Dik and
Nemeth 1983). Guidelines for the indication of surgical
intervention have been published and include complete
disruption of the quadriceps apparatus, a fracture gap wider
than 5 mm, obvious malalignment of an articular fracture
and fragments palpable directly under the skin (Fowlie et al.
2012).

Standard treatment of this condition is arthroscopic
removal of the medial fragment (Fig 2). This can be performed
for fragments of a size up to one-third of the patella. The
arthroscope portal is placed between the middle and lateral
patellar ligament (McIlwraith et al. 2015) halfway or one-third
of the distance between the apex of the patella and the tibia.
The instrument portal is positioned between the middle and
medial patellar ligament (Marble and Sullins 2000). Mechanical
resectors and arthroscopic scalpels are required (Fowlie et al.
2012) to separate the fragment from its soft tissue attachments,
i.e. at least parts of the medial patellar and medial
femoropatellar ligaments and parts of the vastus medialis
tendon (Dyson et al. 1992). After separation of the fragment, it
can be removed via a miniarthrotomy or split into several
pieces with the help of an osteotome followed by removal
piece by piece. In the latter case it is strongly encouraged to
not completely separate each piece from the main fragment
and remove it immediately with rongeurs by breaking the last
attachments. This prevents displacement of a separated
fragment out of sight by the ingress fluid flow, which would
require an additional instrument portal into the suprapatellar
pouch to remove loose fragments accumulating at this
location during surgery (Vinardell et al. 2008). Prognosis for
return to athletic activity after surgical removal of medial
patellar fragments is very good (Dyson et al. 1992; Marble and
Sullins 2000). However, luxation of the patella during recovery
from general anaesthesia has been reported and is probably
caused by the loss of medial patellar stability secondary to
trauma to the medial patellar and femoropatellar ligaments
(Dyson et al. 1992).

Internal fixation of patellar fractures is rarely performed.
Indications include transverse fractures or fractures in the
sagittal plane with a fragment size that exceeds the limits for

arthroscopic removal. The case report of Vautravers et al.
(2018) is a valuable contribution to expand information on
this rarely performed procedure. The authors used the fixation
technique that is currently recommended for such fractures
(Fowlie et al. 2012). Many of the principles – i.e. a cranially
located curvilinear arthrotomy, medial to lateral placement
of cortex screws in lag fashion, insertion of washers,
femoropatellar joint lavage, application of a stent bandage –
were described by Aldrete and Meagher (1981) and are still
recommended for internal fixation of fractures in the sagittal
and parasagittal plane. While Aldrete and Meagher (1981)
implanted 4.5 mm cortex screws, the authors of this report
(Vautravers et al. 2018) used 5.5 mm cortex screws as is
currently recommended for adult horses (Fowlie et al. 2012).
For this indication, bending stiffness is important
biomechanically and depends on the area moment of
inertia of the core diameter of the screw (Muir et al. 1995).
The core diameter of the 5.5 mm cortex screw is 3.9 mm as
compared to 3.0 mm for the 4.5 mm cortex screw. The
formula to calculate the moment area of inertia (I) is
I = (p 9 r4)/4. Thus, the area moment of inertia is related to
the fourth power of the radius (r) of the core diameter. This
results in an area moment of inertia of 11.4 mm4 for the
5.5 mm cortex screw as compared to 4.0 mm4 for the
4.5 mm cortex screw (Muir et al. 1995). This makes it clear
that the bending stiffness and resistance to screw breakage
of the 5.5 mm cortex screw is much higher compared to the
4.5 mm screw. However, the diameter of the head of both
these screws is 8 mm. This makes the head of the 5.5 mm
cortex screw relatively small. Therefore, the use of washers is
indicated in soft bones with a thin cortex such as the equine
patella (Aldrete and Meagher 1981). Before stabilising the
main fracture plane, the authors of the current case report
used a 6.5 mm cancellous screw to fix a small proximomedial
fragment. While this attempt is worthwhile, the authors
realised that the fixation achieved with this screw was
suboptimal because the proximomedial fragment rotated
and the length of the threaded part of the screw engaging
the main fragment was too short. Such 6.5 mm cancellous
screws have been used previously to stabilise patellar
fractures in the horse (DeBowes et al. 1980). The rationale for
their use is their wider thread diameter (Auer 2012) to improve
implant purchase in the soft bone of the patella. However,
their core diameter is only 3.0 mm making the area moment
of inertia identical to that of 4.5 mm cortex screws. Therefore,
the use of 5.5 mm cortex screws to stabilise the main fracture
as performed in the two horses described in the current case
(Vautravers et al. 2018) report is preferable. Presently, the use
of cancellous screws in equine fracture treatment is not
recommended anymore (Auer 2012).

Since it is known that orientation during surgical fixation of
the patella is very difficult, use of an aggressive surgical
approach, intraoperative imaging and use of aiming devices
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as performed by Vautravers et al. (2018) is recommended
(Richardson 2015).

Complete disruption of the quadriceps apparatus is a
typical feature of transverse, but not sagittal or parasagittal
patellar fractures. Internal fixation of transverse fractures
requires a combination of lag screws and cranial tension
band fixation using 1.25 mm diameter cerclage wires (Hunt
et al. 1992) or cranially applied bone plates (Fig 3) (Fowlie
et al. 2012).

Wound dehiscence in one of the two cases of the current
report was the only major post-operative complication
observed. This occurred when the horse managed to lie
down despite a mobile tie rope system 11 days after surgery
(Vautravers et al. 2018). The other horse was placed in a sling
for 14 days to prevent it from lying down. Using a tie rope
system to prevent horses from lying down has the
disadvantage that horses cannot walk around in the box and
sometimes manage to lie down anyway. Therefore, sling
systems are advantageous. However, most sling systems for
horses are complicated and not very user friendly (Taylor
et al. 2005). The animal rescue and transportation sling (Fig 4)
is a practical and efficient method to prevent horses from
lying down during the post-operative period and allows the
animals to walk around in the box, which increases case
comfort and decreases the risk of complications such as
laminitis (F€urst et al. 2008). Concerning the duration of sling
support, we usually select a 3-week period if the intention is
to prevent wound dehiscence. Two weeks (Vautravers et al.
2018) seems rather short, considering that only 20% of the
final strength of a wound is achieved during the first 3 weeks
of healing (Theoret 2005). Furthermore, skin sutures or staples
are usually removed 10–14 days after surgery and we are
hesitant to allow the horse to lie down at the same time
point.

A good clinical outcome was achieved in both patients
described by Vautravers et al. (2018) although the follow-up
period (7 months) and quality of follow-up examination
(phone interview) of the second case does not allow a
precise statement on long-term outcome. Both patients had
a clinical and radiographic follow-up examination at 7 (Case
1) or 3 months (Case 2) post-operatively, respectively. Both
horses were sound at the walk and trot at this time.
Radiographs did not reveal significant complications.
However, it is our opinion that the assessment of these
radiographs by the authors (Vautravers et al. 2018) suffers
slightly from expectation bias. In Case 1 this is reflected by
the lack of describing the small osteophyte at the apex of
the patella in the follow-up lateromedial radiograph.
Furthermore, the authors derive excellent bone healing from
these radiographs. Bone healing of sagittal/parasagittal
fractures can hardly be assessed on lateromedial
radiographic projections. There is no clear fracture line visible
on the cranioproximal–craniodistal oblique projection of Case
1 taken 7 months after surgery. However, the fracture plane
can hardly be evaluated on this radiograph because the
projection is significantly different from the immediate post-
operative radiograph and causes superimposition of the
fragments. In Case 2, the authors diagnosed complete
fracture healing with no signs of degenerative joint disease
based on the radiographs obtained 3 months post-
operatively. In the Discussion, they state that perfect
reduction was achieved in Case 2 allows for primary bone
healing without callus formation. While the surgical fixation in
this patient was excellent without a doubt, there are some
critical points that should be considered:
• Complete bone healing in mature horses usually takes at
least 4 months (Lopez and Markel 2012).
• As with any sagittal/parasagittal patellar fracture, the
cranioproximal-craniodistal oblique (skyline) projection is
crucial. However, an immediate post-operative skyline
projection of Case 2 is not shown and the preoperative and
3-month follow-up skyline views are not projected identically

Fig 1: Cranioproximal–craniodistal oblique (skyline) radiographic
view of the patella and femoral trochlea. Cranial is at the top,
lateral to the left of the image. There is a typical medial
parasagittal patellar fracture with the medial fragment (arrow) of
a size that allows arthroscopic removal.

*

Fig 2: Arthroscopic image of a medial parasagittal patellar
fracture. Cranial is at the top, lateral to the left of the image. A
wide fracture gap separating the medial parasagittal fragment
(arrow) from the patella (arrowhead) can be seen easily. This
fracture is located directly over the medial trochlear ridge of the
femur (asterisk).
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precluding thorough evaluation of bone healing. It is well
recognised that it is very difficult to obtain identical skyline
projections of the patella. However, if this is the case then
assessment of bone healing should be done cautiously.
• There is some bone remodelling at the apex of the patella.
This could indicate osteophyte formation and thus be an
early sign of degenerative joint disease.

• Callus formation is evident proximally and cranially at the
patella. This sheds light on the type of bone healing that
occurs. Primary (or direct) bone healing can be subdivided
into contact and gap healing. Contact healing occurs when
the fragments are in direct contact, the gap between them
is <0.01 mm and interfragmentary strain is <2%. Gap healing
occurs if the gap is <1 mm and interfragmentary strain is <2%.
Haversian remodelling is the underlying process of primary
bone healing. In gap healing, intramembranous bone
formation occurs additionally in small gaps. Callus formation
is not a feature of primary bone healing (Chao et al. 2012).
The perfect reduction and compression required for primary
bone healing can be achieved with lag screws and is
mandatory for articular fractures in athletes. However, this
can hardly be achieved with equine patellar fractures.
Secondary (or indirect) bone healing is observed under
conditions of relative stability and involves endochondral and
intramembranous bone formation. The healing process in
secondary bone healing involves callus formation (Chao
et al. 2012). The callus visible on the lateromedial radiograph
of Case 2 clearly indicates secondary bone healing. This is
probably what can be realistically achieved with surgical
fixation of patellar fractures in the horse. Nonunion is more
typically observed in cases managed conservatively (Dik and
Nemeth 1983).

Again, the surgical fixation and outcome achieved by the
authors of the case report (Vautravers et al. 2018) represent
the state-of-the-art for such fractures but this should not lead
to overoptimistic interpretation of post-operative radiographs.

In summary, the authors are to be congratulated for the
excellent and successful surgical treatment of these
challenging patellar fractures and the valuable expansion of
information on this condition that is infrequently encountered
but still common enough to be relevant to every equine
surgeon.
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a) b)

Fig 3: Lateromedial radiographic views of multifragment patella fracture. a) Preoperative image and b) post-operative image showing
screws and dynamic compression plates in place.

Fig 4: Image of a horse not suffering from a patellar fracture to
illustrate the large animal rescue and transportation sling. This
sling is not only suitable for emergency rescue of large animals
but also serves as a practical device to prevent horses from lying
down in the box but still allowing them to walk around some
steps.
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A subjective descriptive study of the warm-up and turn to a fence,
approach, take-off, suspension, landing and move-off in 10
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Summary
There is limited knowledge about causes of musculoskeletal
injury in showjumpers. The objectives were to describe
features of the turn, approach and jump in a group of
experienced showjumpers believed by their riders to be
sound, to relate these findings to clinical findings, and to
identify features that may predispose to injury. Ten
experienced showjumpers in normal competition training
jumped an upright and a parallel fence four times off the left
and right reins respectively, after a rider-defined period of
warm-up. Real-time and high-speed motion capture was
undertaken. Detailed subjective assessment of the gait was
performed during the warm-up, on the turn and approach to
the jump and all phases of the jump. Six horses had
thoracolumbar pain or epaxial muscle tension. Six horses
exhibited a poor-quality canter. The mean duration of warm-
up was 7 min (range 5–10 min). All horses had lean of the
trunk and hindlimbs >45° on the turn. The inside hindlimb was
placed in front of the outside hindlimb in 75% of the turns.
Sideways oscillations of the hocks during stance were seen in
all horses on the turn and on the straight approach in five
horses. The inside hindlimb had greater magnitude of
oscillation than the outside hindlimb on the turns. Repeated
asynchronous push-off with the hindlimbs at take-off was
seen in three horses. The hindlimbs drifted to the left or right
during the ascent-phase of suspension in four horses,
reflecting asymmetrical push-off. Only two horses landed
consistently with the correct forelimb leading relative to the
direction in which the horse had to turn after the fence. Four
horses landed seven (n = 2) or eight (n = 2) times each with
the left (n = 2) and right (n = 2) forelimbs respectively.
Repetitive overload through asymmetrical use of the left and
right canter leads, inadequate warm-up, and limb instability
could potentially predispose to injury.

Introduction

Aspects of the kinematics and kinetics of young and elite-
level showjumpers, free jumping and ridden have been
described, largely from the side (Leach et al. 1984a; Clayton
and Barlow 1989; Van den Bogert et al. 1994; Barrey and
Galloux 1997; Galloux and Barrey 1997; Powers and Harrison
2000; Meershoek et al. 2001a,b; Hole et al. 2002; Santamaria
et al. 2004a,b; Lewczuk et al. 2006; Hernlund et al. 2010, 2013;
Wejer et al. 2013). The rider, training and combined rider/
saddle weight can influence horse kinematics in the

approach and jump (Clayton 1997; Powers and Harrison
2002; Lewczuk 2008). There is an established terminology for
describing the approach, take-off, suspension, landing and
move-off phases of jumps (Clayton 1989), to coincide as far
as possible with the terminology used for describing walk, trot,
canter and gallop (Leach et al. 1984b). The early approach
strides have been described as effectively normal canter
strides, whereas at the final approach stride both hindlimbs
can be placed equidistant from the jump prior to take off
(Clayton 1989), and at landing the trailing hindlimb lands
ahead of the leading hindlimb both spatially and temporally.
At take-off, the leading forelimb lifts off after the trailing
forelimb and at landing the trailing forelimb lands first (Leach
et al. 1984a), with greater ground reaction force, compared
with the leading forelimb (Schamhardt et al. 1993; Meershoek
et al. 2001b). During suspension, the forelimbs vary in their
symmetry depending on individual technique, whereas the
hindlimbs are usually more or less together spatially and
temporally (Clayton 1989). Variations in stride characteristics
on the approach, take-off, suspension and landing may be
altered by the size of the fence and the distance between
fences which are at related distances (Leach et al. 1984a;
Clayton and Barlow 1989; Meershoek et al. 2001b; Hole et al.
2002). There is information about consistency of within horse
jumping technique in both elite athletes (Leach et al. 1984a)
and untrained horses (Santamaria et al. 2004a; Lewczuk et al.
2006; Nascimento de Godoi et al. 2014), and the effect of
early training (Santamaria et al. 2004b). Elite horses are
trained to land with the forelimb leading to the direction in
which they are next turning (Leach et al. 1984a). Consistency
in technique in human athletes may reduce risk of injury
(Edouard et al. 2016).

Most kinematics of jumping have been assessed in the
final approach strides in a straight line, largely for ease of
measurement. However, showjumping courses include many
turns in the approach to fences, which are tighter turns
performed at speed in a jump-off (Clayton and Barlow 1989;
Clayton 1996). There have been kinetic and kinematic studies
of horses moving in circles on the lunge (Clayton and Sha
2006; Hobbs et al. 2011; Pfau et al. 2012; Starke et al. 2012;
Chateau et al. 2013). The inside hindlimb has a more acute
angle to the ground compared with straight lines (Hobbs
et al. 2011) and there is inwards lean of the trunk influenced
by speed and circle radius (Pfau et al. 2012). Therefore, a
showjumping horse potentially experiences considerable
loading on turns, but this has not been investigated.
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Variations in jumping technique could reflect adaptations
to musculoskeletal injury, with preference for one landing
limb, jumping to one side and difficulty turning being
potentially signs of orthopaedic problems (Benoit 2006; Dyson
and Benoit 2008). Both saddle and rider can influence jump
kinematics (Clayton 1997; Powers and Harrison 2002). An ill-
fitting saddle can cause thoracic pain (Von Peinen et al.
2010), limit epaxial muscle development (Greve and Dyson
2015a; Greve et al. 2015) and inhibit performance (De Cocq
et al. 2004). We have previously observed a higher
prevalence of ill-fitting saddles in showjumping horses
compared with horses from other equestrian disciplines
(Greve and Dyson 2015b).

Although a significant number of days lost to training
through musculoskeletal injury in showjumpers has been
reported (Egenvall et al. 2013), understanding about how
clinical features could relate to injury development remains
poorly understood. There is some information about the
occurrence of different musculoskeletal injuries in showjumpers
(Murray et al. 2006; Boswell et al. 2010; Arensburg et al. 2011;
Parkes et al. 2013; Verwilghen et al. 2013), but there is limited
knowledge about the causes of musculoskeletal injury in
showjumpers. It has been suggested that higher jumps may
increase the risk of tendon and ligament injuries in the
metacarpus (Meershoek et al. 2001b). Reported risk factors for
days lost from training included increased amount of time
spent in jump training, and increased age (Egenvall et al.
2013).

The objectives of this study were to describe subjectively
features of the turn, approach, take-off, suspension, landing
and move-off in a group of experienced, competing
showjumpers believed by their riders to be clinically sound, to
relate these findings to clinical assessment of the horses, and
to identify features that may potentially predispose to injury. It
was hypothesised that individual horses would show
repeatable gait patterns that would not alter with repeated
jumping efforts; and that horses would land with similar
frequency with the left and right forelimbs leading.

Material and methods

Pilot study
Pilot data were acquired by examination of normal-speed
(30 frames/s; Canon Legria HF R381) and high-speed
(240 frames/s; Casio EX-FH2502) video footage acquired from
behind and from the side of 54 horses competing at a
national show in the UK with horses jumping fences of 1.1 m
to 1.2 m and of 25 horses competing at two international
F�ed�eration Equestre Internationale shows in Switzerland
jumping fences of 1.4–1.6 m. The video footage included the
turn to a fence, approach and take-off. Forty-nine percent of
horses exhibited marked trunk lean on the turn to the
approach of the fence and 59% of horses showed hock
oscillation from side to side (wobble) during the stance phase
of the stride on the turn or approach to the fence.

Test study
British Showjumping Association performance record
To confirm that horses were in active competition, and to
determine their competition level and success, show records
and competition winnings for January to November 2015
inclusive were acquired from the British Showjumping
Association website (www.britishshowjumping.co.uk).

Clinical assessment
Ten horses in active showjumping training and competition
were evaluated by an experienced clinician (S.D. – Royal
College of Veterinary Surgeons Specialist in Equine
Orthopaedics) on a single day in January 2015. This was a
convenience sample based on proximity to the authors.
There were nine Warmbloods (1–9) and one Irish Sports Horse
(10). The horses ranged in age from 6 to 10 years (mean
8 years); there were four geldings, two stallions and four
mares. Height ranged from 165 to 173 cm (mean 168 cm).
The horses were competing in classes with fences ranging
from 1.2 to 1.6 m. There were three professional riders who
rode two, two and six horses, respectively.

Musculoskeletal symmetry and body condition score
(Kienzle and Schramme 2004) were assessed. The
thoracolumbosacral region was inspected and palpated
(Girodroux et al. 2009; Walker et al. 2016) and the presence
of pain or abnormal muscle tension were each recorded on
a binary yes/no scale. Horses were examined moving in hand
at walk and trot in straight lines on a firm surface. Still images
and video recordings of each horse were acquired.

Horses were ridden by their usual rider in their usual tack.
Saddle-fit was assessed by a Society of Master Saddlers
master saddler (M.F.). Riders were asked to warm the horse
up as they would normally and were advised that 20 min
were available. Normal-speed video footage was acquired
during the warm-up period and throughout the test (Canon
Legria HF R381; 30 frames/s). Each horse jumped both upright
and parallel fences during the warm-up period in the test set
up. All warm-up and testing were performed in an outdoor
arena (25 9 60 m) on a rubber-based surface.

The test
For the test, horses approached a single fence, which
incorporated a ground-line pole, on the centre line of the
arena in canter via a straight line marked out with cones,
approaching alternately off the left and right reins. A
designated turn, 13 m from the jump, was also marked out with
cones to ensure a consistent approach (Fig 1). After each
fence the horse cantered in a 15–20 m diameter circle in the
direction of the next approach to the fence, prior to the next
jump. Each horse jumped an upright fence (1.2 m in height)
four times, twice off each rein, and a parallel fence (1.2 m high
and 0.6 m wide), four times, twice off each rein, i.e. eight
jumping efforts in total. Five horses jumped the parallel fence
first and five horses jumped the upright fence first.

Data collection
High-speed motion capture
High-speed motion capture (240 frames/s; Casio EX-FH2502)
was used to film each horse on the turn, approach, jump and
landing from behind, the front, and the left and right sides
(Fig 1; Supplementary Items 1–5). All test jumps were
recorded.

Video analysis
Windows Media Player was used for video analysis. The real-
time warm-up and test videos were assessed by an
experienced clinician (S.D.) to determine the presence of
any gait abnormalities (Dyson 2015). The high-speed videos
acquired during the test (Fig 1; Supplementary Items 2–5)
were viewed by four authors (S.D., V.W., C.T., R.M.) during the
turn (from behind and the left and right sides), the approach
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strides, take-off, suspension phase, landing and move-off
(where applicable; from behind, the left and right sides and
the front). The following horse and rider features were
assessed subjectively on the videos and documented or
graded as present or absent based on consensus opinions:
• Saddle slip to one side and direction of slip.
• Saddle bounce: the repeated vertical displacement of the

cantle of the saddle away from the horse’s back.
• Horse trunk lean and direction.
• Horse hindlimb lean and direction; the angle of the

metatarsus to the horizontal of the inside hindlimb was
measured (using Image Measurement; www.image
measurement.com) at the initiation of stance in the last
stride of the turn to the approach.

• Horse over-shoot on the turn, i.e. the horse over shot the
centre line of the approach

• Advanced diagonal placement of a hindlimb during turns,
or placement of the forelimb ahead of the contralateral
leading hindlimb of the diagonal pair on turns

• Hock oscillation from side to side (wobble): direction,
magnitude and consistency. With greater magnitude, there
was increased range of motion of the metatarsus from side
to side during stance and also outward rotation of the limb
so that there was greater visibility of the medial aspect of
the limb. On the approach strides, the range of angulation
of each metatarsus to the vertical was measured during
the stance phase of the stride from sequential still frames
over two or three strides, depending on the straightness of
the approach. Outwards lean was designated a positive
angle and inwards lean a negative angle.

• Foot placement on the ground at impact: straight, toe
pointing outwards or inwards.

• Straightness of approach.
• Advanced diagonal placement of a hindlimb during the

approach.
• Change of canter lead during the turn or approach.
• Spatial relationship and temporal synchrony of hindlimb

placement at take-off; the high-speed video recordings
were played frame by frame forwards and backwards to
make these determinations.

• Drifting of the hindlimbs to left or right in the ascent phase
of suspension (flight).

• Symmetry of the hindlimbs in the ascent phase of
suspension.

• Leading forelimb on landing.
• Relative positioning of the hindlimbs at landing.

Statistical analysis
Descriptive statistics were performed. Chi-squared tests were
used to test for associations between hock oscillation and
foot placement, advanced diagonal placement and side-
to-side separation of the hindlimbs at take-off. Hock
oscillation magnitude, measured as the range of angles of
the metatarsus to the horizontal on the approach, was
compared using a Student’s t test. All analysis was
undertaken using statistical analysis software (Analyse It
Microsoft version 1.73)3, with the significance value set at
P<0.05.

Results

Competition record
Winnings from January to November 2015 ranged from £85 to
£7552 (mean £2634) (Table 1). Seven horses (3, 4, 5, 7, 8, 9,
10) won between 1.4 and 7 times more in 2015 than in 2014.
Five horses (1, 2, 6, 7, 8) did not compete at a show for
between 3 and 7 months between January and November
2015 (Table 1).

Clinical assessment
Six horses (3, 4, 5, 6, 7, 10) had pain or abnormal muscle
tension in the thoracolumbar region (Table 2); one additional
horse (8) had swelling and abnormal hair wear in the cranial
saddle region. Body condition score ranged from 6 to 7 out
of 9. In five horses, the thoracolumbosacral epaxial muscles
were poorly developed (3, 4, 7, 8, 9); three of these horses
had pain or abnormal muscle tension, one of which
exhibited grade 1/8 (Dyson 2011) hindlimb lameness in hand.
Four of the five horses with poor epaxial muscle
development exhibited a poor quality canter when ridden
(restricted hindlimb impulsion and engagement, dissociation
between placement of the leading hindlimb and nonlead
forelimb, placing the hindlimbs closely together spatially or
temporally) (Dyson 2015).

Horse 3 exhibited grade 1/8 left hindlimb lameness
in hand, but lameness was not detectable ridden,
although canter quality was poor. Horse 6 showed grade
2/8 right forelimb lameness in hand only. In hand, four
horses (2, 4, 7, 8) had bilateral lateral collapse of the
plantar aspect of the hind fetlocks during the stance phase
of the stride, one of which also had dynamic
hyperextension of the hind fetlocks (4). Two horses (2, 10)
had hock oscillation.

8
7
6

9 10 11

5 4 3

1
2

Fig 1: Layout for the test. The fence was approached from left to right. The numbers represent the position of the video cameras (see
Supporting Information). The dots represent the position of cones.
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Saddle-fit
There were seven saddles used among the 10 horses. Saddle-
fit was considered poor in six horses and included too wide,
unstable and bridging. The saddles were consistently placed
too far forwards, although most moved backwards to a
variable extent during riding. The saddles were girthed
asymmetrically, with the girth attached to the front two straps
on the left and the rear two straps on the right. Flocking was
of variable consistency, and was excessively hard in one
saddle used on two horses (1, 2).

Warm-up
The duration of warm-up ranged from 5 to 10 min (mean
7 min), despite 20 min being available; the duration of the

test was approximately 5 min. Six horses (1,2,4,5,8,10) were
consistently above the bit (Dyson 2015) in both trot and
canter during the warm-up. During warm-up, Horse 9 showed
grade 1/8 left hindlimb lameness. Six horses had a poor
quality canter (1,2,3,4,7,9), three of which (2,3,7) performed
flying changes incorrectly and intermittently bucked and
kicked out to the left. Two horses (2,7) bucked and kicked
out on landing.

The test
Saddle slip
The saddle consistently slipped to the outside of the turn in six
horses (2, 4, 5, 7, 9, 10), 4 on the right rein (4, 5, 9, 10) and
three on the left rein (2, 7, 9; Fig 2). The saddle continued to

TABLE 1: Winnings (pounds sterling, £) of 10 showjumpers in the seasons preceding and following clinical assessment and throughout
their careers. Absences from competition in the year following clinical assessment are also recorded

Horse number
£ winnings for 11 months
after examination

£ winnings year
before examination £ winnings career total Notes on 11 months after examination

1 260 816 1774 No shows Feb–July
2 139 317 521 No shows April–Nov
3 942 349 1,869
4 5977 1959 14,422
5 7552 996 9759
6 85 130 802 No shows May–Nov
7 777 0 1230 No shows Aug–Nov
8 6322 3178 13,692 No shows Sept–Nov
9 2072 782 3775

10 1453 1030 2979

TABLE 2: Summary of clinical observations of 10 showjumpers assessed at rest, in hand, during warm-up and during the turn and
approach, at take-off, suspension and landing while jumping an upright and a parallel fence each four times, alternately off the left
and right reins

1 2 3 4 5 6 7 8 9 10

Thoracolumbar pain or muscle tension + + + + + +
Epaxial muscles poorly developed + + + + +
Lameness in hand LH RF
Collapse of hind fetlocks in hand + + + +
Hock oscillation in hand + +
Lameness during warm-up LH
Poor canter in warm-up + + + + + +
Incorrect flying changes in warm-up + + +
Bucked and kicked out on landing in warm-up + +
Saddle slip + + + + + +
Trunk lean on approach + + +
Severe hock oscillation + + + +
Hock oscillation deteriorated with jumping + + + + +
Outside forelimb placed ahead of inside hindlimb on turn off left rein +8 +8 +8 +8 +8
Outside forelimb placed ahead of inside hindlimb on turn off right rein +8 +8 +8 +8 +8
Advanced diagonal placement on approach +1 +7 +3
Changed leading hindlimb behind on turn +2 +2
Changed leading hindlimb on approach +1
Number of jumps hindlimbs together at take-off 8 1 7 6 5 1 4 4 2 7
Number of jumps with asynchronous placement of hindlimbs at take-off 0 7 1 2 3 7 4 4 6 1
Number of landings left forelimb leading 6 8 4 2 4 3 4 0 0 6
Number of landings right forelimb leading 2 0 4 6 4 5 4 8 7* 2
Number of landings right hindlimb first 7 8 5 2 8 1 1 0 0 6
Number of landings left hindlimb first 1 0 3 6 0 7 6 5 8 2
Number of landings hindlimbs together 0 0 0 0 0 0 1 3 0 0

LH, left hindlimb; RF, right forelimb; +, the feature was present; *, video recordings only available for 7 jumps. There was no difference
between the upright and parallel fences. The canter lead in the approach stride did not have an effect on the observations. Horses 1,
3, and 7 twice landed with hindlimbs very close together spatially and temporally, but one hindlimb made ground contact first.
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slip in the same direction on the approach and at the
initiation of take-off in all six horses. The cantle of the saddle
was repeatedly displaced vertically (bounced) on two horses
(1, 5) on the approach and in five horses (1, 2, 4, 5, 7) on
take-off, all ridden by the same rider (Fig 3; Supplementary
Item 2).

The turn and approach
All horses consistently leant their entire trunk inwards on the
turn towards the approach (Fig 4) and in three horses (8 ,9,
10) trunk lean persisted in the approach strides (Figs 2 and 5).
There was generally greater lean of the inside hindlimb on
the turn (95%), with the inside hindlimb being placed in the
line of the outside hindlimb in 75% of turns (Fig 4;
Supplementary Item 3). The angle of the metatarsus to the
horizontal of the inside hindlimb in early stance of the last
stride of the turn to the approach ranged from a mean of
49–60° (Table 3). Horse 8 placed the hindlimbs together

spatially and temporally turning off the left rein once, and on
two other occasions changed leads behind on the turn off
the left rein. Horse 6 became disunited behind on the turn
twice off the right rein and switched to the left forelimb
leading on the approach, and became disunited on the
approach once off the left rein (Supplementary Item 4).

There was medial–lateral/lateral–medial oscillation of one
or both hocks during the stance phase of the stride on the
turn, on the approach or during take-off in all horses, to
varying degrees (usually positive) and for varying numbers of
strides among horses (Table 2) (Supplementary Items 2, 3 and
5). Horses 2, 4, 7 and 10 showed the most obvious hock
oscillation, not only on the turn but also during the approach
strides, with the angle of the metatarsus to the vertical
changing between 2° and 6° during stance. Hock oscillation
did not alter with repeated jumping efforts in five horses, but
in the other five horses (2, 3, 4, 7, 10) oscillation magnitude,
measured as the range of angles of the metatarsus to the
vertical on the approach, increased with repeated jumping
efforts, comparing the first and last jumps (P = 0.01).
Oscillation magnitude was greater in the inside hindlimb on a
turn compared with the outside hindlimb.

Hind foot placement during stance was either straight or
the toe of the foot rotated laterally (Table 2). The foot
rotating laterally was associated with hock oscillation on the
turn (left-hind P = 0.051), on the straight approach (left-hind
P = 0.002), and at take-off (left-hind P = 0.004, right-hind
P = 0.023). There was no association between either
advanced diagonal placement of a hindlimb during the turn
or approach, or side to side separation of the hindlimbs at
take-off and hock oscillation. Horse 9 exhibited consistent
severe left hock oscillation on landing; the right hock rotated
outwards in the late stance phase of the landing stride.

Placement of the outside forelimb temporally ahead of
the inside leading hindlimb of the diagonal pair was
observed on all the turns off the left rein in five horses (1, 2, 3,
4, 7), ranging from one to four strides of the four strides that
could be assessed (most frequent three strides). Off the right
rein the outside forelimb was placed temporally ahead of the
inside leading hindlimb of the diagonal pair on all the turns
off the right rein in five horses (1, 2, 3, 4, 6), ranging from one
to five strides of the five strides that could be assessed
(most frequent three strides) (Fig 6). Advanced diagonal
placement was rare on the turn except in Horse 8 off the left
rein, when the hindlimbs were placed closely together
spatially and on two occasions the horse changed behind.

Six horses did not show advanced diagonal placement
on the approach. Horse 4 showed advanced diagonal
placement for two strides on one approach. Horses 8 and 10
showed advanced diagonal placement on seven and three
approaches, respectively, for one to three strides. There was
no association between advanced diagonal placement and
asynchrony of placement of the hindlimbs at take-off
(P>0.05). On one occasion, Horse 10 placed the right forelimb
to the ground ahead of the left hindlimb in left lead canter
on the final approach stride and then placed the right
hindlimb next to the left hindlimb for take-off (Supplementary
Item 5).

Approach stride 1 and take-off
The hindlimbs were placed to the ground simultaneously in
preparation for take-off for eight (Horse 1), seven (Horses 3
and 10) and six (Horse 4) jumps, i.e. 21/80 (26.3%) take-offs

a) b)

Fig 2: Saddle slip to the left on the approach, after turning off the
right rein in horses 9 a) and 10 b). Both horses still show trunk lean
to the right, both having overshot the turn. The inside right
hindlimb of horse 9 has greater lean than the outside hindlimb.

a) b)

Fig 3: Horse 4 at take-off from the side a) and from behind b).
The saddle and saddle pad have lifted off the horse’s back at
hindlimb placement at take-off. The saddle bounced up and
down.
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(Table 4; Fig 7). One hindlimb landed ahead of the other for
three jumps (Horse 5), four jumps (Horses 7 and 8), six jumps
(Horse 9) and seven jumps (Horses 2 and 6). Asynchronous
placement of the hindlimbs (Table 3) was usually associated
with asymmetry of flexion of the hindlimbs during the
ascending part of suspension and/or the hindlimbs drifting to
the left (Horses 2 and 5) or right (Horses 6 and 9), reflecting
asymmetrical push-off.

Landing
On landing, only Horses 3 and 5 landed with the correct
forelimb leading (left if turning left and right if turning right;
Fig 8; Table 2). Horses 6 and 7 landed on the incorrect lead
only twice. However, two horses (2 and 8) landed with the
left and right forelimbs leading, respectively, eight times. Two
horses (1 and 9) landed with the left and right forelimbs,

respectively, leading seven times and two horses (4 and 10)
landed with the right and left forelimb leading, respectively,
six times. Horse 2 held the head up before and on landing for
five jumps and bucked and kicked out to the left in the first
move-off stride once. Horse 7 bucked and kicked out to the
left once in the first move-off stride.

Horses 2 and 5 landed consistently with the right hindlimb
before the left hindlimb and Horse 9 landed with the left
hindlimb before the right hindlimb eight times. Horse 6 landed
with the left hindlimb before the right hindlimb seven times.
Horses 7 and 8 landed with both hindlimbs simultaneously one
and three times respectively; Horse 7 landed an additional
twice with the hindlimbs extremely close spatially and
temporally. Horses 1 and 3 also landed twice with the
hindlimbs extremely close. There was marked asymmetry of
the hindlimbs of Horse 2 during the descent phase of flight
with the right hindlimb being straighter much sooner
compared with all other horses. Horses that landed with the
incorrect hindlimb relative to the leading forelimb (15 of 63
[23.8%] landings filmed from the side) consistently changed
limbs behind in the next stride. When horses landed with both
hindlimbs simultaneously or close together both hindlimbs
were extended in retraction at the end of the stance phase.
Correct lead relative to the leading forelimb was established
behind at the next stride.

a) b) c)

Fig 4: Horses 6 a), 9 b) and 10 c) on the turn off the right a and c) and left b) reins, respectively. There is inward trunk lean and marked
lean of the hindlimbs, the inside more than the outside. The inside hindlimb is placed in front of the outside hindlimb.

Fig 5: Horse 9. There is horse and rider trunk lean on the
approach; the horse is disunited.

TABLE 3: Angle (°) of the metatarsus to the horizontal of the inside
hindlimb on the final stride of the turn to the jump, off either the
left or right reins, measured when the foot first made contact with
the ground, in 10 showjumping horses making eight approaches
to a jump off the left and right reins alternately

Horse number Mean Median Range

1 60 60 54–69
2 57 59 45–65
3 60 60 57–63
4 59 58 53–66
5 57 58 50–60
6 58 56 50–56
7 56 55 51–64
8 54 52 48–62
9 50 49 46–53

10 49 50 43–53
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Discussion

Contrary to our hypotheses, the horses in the current study
did not land with similar frequency with the left or right
forelimb leading. In addition, there was more variability within

and among horses in their approach and jumping technique
than anticipated.

Clinical assessment
The frequency of occurrence of thoracolumbar pain or
epaxial muscle tension, identified in six horses (3, 4, 5, 6, 7,
10), was high in this group of horses considered clinically
normal by their riders. It may have been secondary to
lameness (Landman et al. 2004) or other pain-related gait
abnormality (e.g. poor quality canter), poor saddle-fit (Von
Peinen et al. 2010; Greve et al. 2015), saddle-slip (Greve and
Dyson 2014), vertical displacement of the saddle or a
combination of factors. It is noteworthy that in a study in
which 17 showjumpers in a professional yard were assessed
by the same clinician (S.D.) at rest, in hand, on the lunge
and ridden, no horse had clinical evidence of
thoracolumbar region pain, despite lameness or a positive
flexion response in 15 horses (88.2%) (Dyson and Greve 2016).
In the latter study, each horse used one of two saddles that
had been assigned to it based on professionally-assessed
saddle-fit every 6 months.

Poor development of the thoracolumbosacral epaxial
muscles seen in five horses (3,4,7,8,9) could also reflect poor
saddle-fit (Von Peinen et al. 2010; Greve and Dyson 2014,
2015a,b; Greve et al. 2015), poor quality work (Greve et al.
2015) or restricted thoracolumbar movement secondary to
musculoskeletal pain (Buchner et al. 1996; G�omez �Alvarez
et al. 2007, 2008). Working above the bit, a consistent feature
in the warm-up of six horses, prevents proper flexion of the
thoracolumbosacral spine (Rhodin et al. 2005, 2009), resulting
in inappropriate activation of the epaxial muscles. Failure to

Fig 6: Horse 6 on the approach after a right turn to the fence. The
horse is in right lead canter. There is advanced diagonal
placement of the left forelimb relative to the right hindlimb.

TABLE 4: Position of the hindlimbs at take-off and in the ascent phase of suspension of 10 showjumpers jumping an upright and parallel
fence four times each, alternately off the left and right reins

Horse number 1 2 3 4 5 6 7 8 9 10

Hindlimbs together at take-off 8 (100) 1 (12) 6 (75) 6 (75) 5 (62) 1 (12) 4 (50) 3 (37) 2 (25) 7 (87)
Left hindlimb placed first at take-off 0 (0) 3 (37) 1 (12) 0 (0) 0 (0) 7 (87) 2 (25) 2 (25) 6 (75) 0 (0)
Right hindlimb placed first at take-off 0 (0) 4 (50) 1 (12) 2 (25) 3 (37) 0 (0) 2 (25) 3 (37) 0 (0) 1* (12)
Hindlimbs together in flight 5 (62) 5 (62) 5 (62) 3 (37) 3 (37) 4 (50) 8 (100) 7 (87) 1 (12) 4 (50)
Left hindlimb flexed more than right hindlimb in flight 3 (37) 0 (0) 0 (0) 3 (37) 5 (62) 4 (50) 0 (0) 0 (0) 7 (87) 4 (50)
Right hindlimb flexed more than left hindlimb in flight 0 (0) 3 (37) 3 (37) 2 (25) 0 (0) 0 (0) 0 (0) 1 (12) 0 (0) 0 (0)
Hindlimbs to left during flight 0 (0) 7 (87) 0 (0) 0 (0) 5 (62) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Hindlimbs to right during flight 2 (25) 0 (0) 0 (0) 1 (12) 0 (0) 6 (75) 2 (25) 0 (0) 6 (75) 0 (0)

Results are given as number of times (%). There was no difference between the upright and parallel fences. The canter lead in the
approach stride did not have an effect on the observations. *In the approach stride off the left rein in left lead canter the right
forelimb was placed before the left hindlimb and for take-off the right hindlimb was placed next to the left hindlimb.

a) b) c)

Fig 7: Take off and early suspension of Horse 5, having approached off the right rein in right canter. a) The forelimbs are prepared for
take-off with the leading right forelimb in front of the trailing left forelimb. b) The hindlimbs have been placed side by side,
simultaneously with similar flexion of both hocks. The leading forelimb is flexed less than the trailing forelimb. There is flexion at the
lumbosacral joint. c) In early suspension both the forelimbs and hindlimbs are symmetrical. The caudal aspect of the saddle lifted less
off the horse’s back compared with Horse 4 (Fig 3).
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work on the bit may be a training problem (Hall et al. 2013),
reflect conflict behaviour (G�orecka-Bruzda et al. 2015) or be
secondary to pain (Girodroux et al. 2009; Zimmerman et al.
2011; Barstow and Dyson 2015). In human patients, a vicious
cycle of pain, altered muscle recruitment and reduced
range of motion has been proposed (Hodges and Tucker
2011). Differences in activity of the thoracolumbar epaxial
muscles and muscles of the pelvis were seen in nonlame and
lame horses (Zaneb et al. 2009). Atrophy of musculus multifidi
has been documented in the same spinal segment as
osseous pathology of the thoracolumbar vertebral column in
a cadaver study of horses (Stubbs et al. 2010).

Poor quality canter, typical of pain-induced alteration of
hindlimb gait that can be improved by local analgesia
(Dyson 2015), was seen in six horses (1, 2, 3, 4, 7, 9). We
cannot preclude that this may be a reflection of the horses’
training; however, it has the potential to compromise
performance. A further two horses (6, 8) intermittently
became disunited in canter on turns. This may reflect lack of
musculoskeletal strength and coordination, or subclinical pain
(Dyson 2015). Bucking and kicking out in canter or after
jumping observed in three horses (2, 3, 7) is a behaviour
observed in some horses with sacroiliac joint region pain
(Dyson and Murray 2003; Barstow and Dyson 2015). The horses
in the current study did not undergo a detailed diagnostic
work-up, so it is not possible to be sure of the reason for this
behaviour. However, in a previous study, this type of
behaviour was abolished by infiltration of local anaesthetic
solution around the sacroiliac joints (Barstow and Dyson 2015).

Saddle-slip was seen in six horses (2, 4, 5, 7, 9, 10) and
may be a reflection of a poorly fitting saddle, rider trunk lean
or a pain-related hindlimb gait abnormality, or a combination
thereof (Greve and Dyson 2013, 2014). In four horses, saddle-
slip may have been explained alteration in gait induced by
either the source of pain causing bucking and kicking out
(2, 7) or subclinical hindlimb lameness (4,9) (Greve and Dyson
2013, 2014).

The warm-up duration selected by the riders in this study
was less than has previously been reported in showjumping
competition (Whitaker et al. 2008). Warm-up is an important
physiological preparation for work and is required for
improved performance and protection from injury and
inadequate warm-up in cold weather has been associated
with early muscle fatigue (Roots et al. 1985). Better education
of riders about the importance of warm-up may be
indicated, especially because days lost to training in

showjumpers are principally due to orthopaedic injuries
(Egenvall et al. 2013).

Trunk lean on the turn and approach
In sound dressage horses, there were no differences in trunk
lean angle in trot versus canter either on the lunge or ridden
(Greve and Dyson 2016). The mean trunk lean on a 10 m
circle on the lunge was 10°. In the current study, all horses
had marked inwards trunk lean on the turn to the approach
an adaptation adopted by animals (Alexander 2002) and
cyclists (Cain and Perkins 2012) to minimise the risk of falling.
This was associated with an acute angle of particularly the
inside hindlimb with the horizontal, which was placed in front
of the outside hindlimb in 75% of the turns, as documented in
wild animals turning (Alexander 2002). Leaning of the inside
hindlimb in sound horses has been documented on the lunge
at trot in the horse (Hobbs et al. 2011). Twisting and
asymmetric loading has the potential to predispose to injury
by increasing ground reaction force moment arms of joints
(Hobbs et al. 2011). Placement of the outside forelimb of a
diagonal pair temporally in advance of the contralateral
leading hindlimb was only seen on turns and was identified in
six horses (1, 2, 3, 4, 6, 7), in four of which it was present on
both reins. This effectively creates a 4-time canter and could
predispose to repetitive overload of the affected forelimb(s).

Hindlimb oscillation
Hock stability largely involves gastrocnemius, soleus,
semitendinosus, biceps femoris and superficial digital flexor
muscles, balanced to some extent by the function of
semimembranosus and gracilis (adductors) (Sisson 1975). With
rupture of the origin of gastrocnemius in mature horses there
is exaggerated hock oscillation and outward rotation (Swor
et al. 2001). The tendency of the hocks to oscillate from side
to side during the stance phase of the stride (hock wobble)
may reflect lack of muscular strength, and is a feature
that we have previously observed can be reduced by
strength-training performed in conjunction with a skilled
physiotherapist (S. Dyson and R. Murray, unpublished data).
Loading of a hindlimb with the metatarsus inclined outwards
or inwards rather than vertical is likely to alter the distribution
of ground reaction forces through the limb.

Take-off and the jump
There was considerable variation within and among horses
in the relative position of the hindlimbs at take-off, and

a) b)

Fig 8: Mid suspension a) and landing b) of Horse 5, having approached off the right rein in right canter. The horse landed in left lead
canter and the trailing right forelimb is landing first. The lumbosacral joint is extended.
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whether or not the push-off from both hindlimbs was in
synchrony, which may reflect physiological variation. In 17
Grand Prix showjumpers in competition the hindlimbs left
the ground simultaneously in 59% of jumps (Leach
et al. 1984a). However, in the current study repeated
asynchronous push-off with the hindlimbs at take-off was
identified in three horses (2, 6, 9), which could reflect
subclinical injury or inappropriate muscle recruitment (Benoit
2006; Dyson and Benoit 2008). It may have been pain
associated; Horse 2 bucked and kicked out, Horse 6
exhibited right forelimb lameness in-hand and was
sometimes disunited on turns, and Horse 9 showed left
hindlimb lameness in the warm-up.

Drifting of the hindlimbs during the ascent phase of
suspension was observed repeatedly in four horses, and has
previously been used as a potential indicator of hindlimb
pain, with horses pushing less with the lame limb and
therefore the hindlimbs drifting to the side of the lame limb
(Benoit 2006; Dyson and Benoit 2008). The hindlimbs of Horse
2, which bucked and kicked out with the left hindlimb
repeatedly, drifted to the left, possibly reflecting stronger
push-off with the right hindlimb.

Landing
Contrary to our hypothesis there was preferential landing on
one forelimb in most horses. There is greater ground reaction
force in the trailing forelimb at landing than the leading
forelimb (Schamhardt et al. 1993). There is high maximal
vertical deceleration in the trailing forelimb at landing
(Hernlund et al. 2013). The peak flexor joint moments in the
distal interphalangeal and metacarpophalangeal joints are
larger in the trailing forelimb than in the leading limb
(Meershoek et al. 2001a). In a study of 17 Grand Prix
showjumpers in a competition, the leading forelimb
changed during the jump in 52% of jumps; however, no
information was given about the position of the next fence
relative to the jump studied (Leach et al. 1984a).
Preferential landing could be habitual or reflect pain. It
could potentially reflect a subclinical problem (Horses 1, 9
and 10); be the result of forelimb lameness (Horse 6); or the
preference may be dictated by hindlimb/sacroiliac joint
region pain (Horses 2, 4, 7 and 8). A predominance of right
forelimb compared with left forelimb injuries of the deep
digital flexor tendon within the digital flexor tendon sheath in
showjumpers has been described (Arensburg et al. 2011),
possibly related to repetitive landing with the right forelimb
as the trailing limb (Meershoek et al. 2001b). However, in the
current small study, there was no bias towards the left
forelimb being the predominant leading forelimb among all
horses.

Previous studies which described landing have not
discussed the placement of the hindlimbs relative to the
leading forelimb at landing (Leach et al. 1984a; Clayton and
Barlow 1989; Schamhardt et al. 1993; Meershoek et al. 2001b;
Hernlund et al. 2010). In the current study preferential landing
on one hindlimb (sometimes landing with correct forelimb
lead) was seen in four horses (1, 2, 5, 9). In Horse 1 this
matched the preference for the forelimb lead 6/7 times.
Horse 2, which bucked and kicked out with the left hindlimb,
also exhibited a marked asymmetry of the hindlimbs in the
descent phase of suspension, and may have been
protecting the more painful side. Horse 5 consistently landed

correctly in front, but landed with the right hindlimb first eight
times, for which there is no obvious explanation.

In 17 Grand Prix showjumpers, the hindlimbs were well
separated at landing and ‘placed well underneath the body
having a smooth transfer from vertical to horizontal
movement’ (Leach et al. 1984a). In contrast, in the current
study, the hindlimbs were placed close together at landing
sporadically in four horses (1, 3, 7, 8). This was associated with
a steep trajectory of landing in Horse 1, but may have
reflected pain in three horses (3, 7, 8), which showed other
features suggestive of pain. When the hindlimbs were placed
closely together there was extreme retraction of both
hindlimbs with apparent extension of the lumbosacral joint at
the end of the stance phase.

This study was designed to investigate features of
jumping, which may predispose to injury. We had not
anticipated identifying so many variations which may reflect
pre-existing pain. However, it must be borne in mind that
these were all horses in full competition work and their
experienced riders had not identified problems. This is
consistent with previous observations of lameness or other
gait abnormalities identified in 47% of 506 sports horses
(Greve and Dyson 2014) and 65% of 57 dressage and
showjumping horses (Dyson and Greve 2016) in normal work.
It is not known whether this level of gait abnormalities is
comparable with previous studies or reports in jumping horses,
where selection criteria have largely included active
competition rather than a detailed orthopaedic evaluation
and saddle assessment, so it is possible that this may
represent a similar pattern to previous studies. However, it is
not possible to establish whether this is the case or not. There
are many horses that can perform despite low-grade pain
and asymmetric gait features, assuming that they are
jumping within their athletic capacity. However, it is quite
conceivable that they may perform better without pain or
with improved musculoskeletal function.

Limitations
This study had limitations. The observations were largely
subjective. There were only a small number of horses jumping
a limited number of single fences rather than a course. It is
possible that had a second fence been present to the right
or left a different pattern of landing may have been seen.
We can only comment on associations between
observations; the number of horses was too small to perform
meaningful statistical analysis; no definite conclusions can be
drawn about cause and effect.

Conclusions

In conclusion, we have identified a number of features of
jumping horses that have not previously been described, and
that potentially should be considered in injury prevention,
diagnosis and management. Although considerable variations
in gait and jumping technique were seen within and among
horses, trunk lean and hindlimb lean were consistent features
on the turn, placing asymmetrical loads on the musculoskeletal
system. Repeated landing with a preferred forelimb leading
may result in chronic overload. Recognition of pain-related
gait abnormalities with appropriate interventions may have the
potential to enhance jumping performance and reduce the
risk of injury.
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Summary
Mature horses that present with flexural deformity of the distal
interphalangeal joint and lameness isolated to the foot may
obtain long-term benefits from desmotomy of the accessory
ligament of the deep digital flexor tendon (ALDDFT). This
retrospective analysis of medical records and radiographs
included 13 horses, aged ≥2 years, presented for lameness
isolated to the hoof region and diagnosed with flexural
deformity of the distal interphalangeal joint. Radiographic
angles of the hoof and distal interphalangeal joint and
lameness scores were compared before and after
desmotomy of the ALDDFT. Follow-up data including the
ability to perform the intended use were obtained at least
one year after surgery. There was improvement in the angle
between the dorsal aspect of the third phalanx and the
weightbearing surface of the hoof, improved alignment
between the dorsal hoof wall and dorsal aspect of the third
phalanx, and improved alignment of the distal
interphalangeal joint. Lameness was decreased in 9/13
horses and 10/13 horses were performing at their level of
intended use. Evidence of improved hoof conformation and
lameness following desmotomy of the ALDDFT in lame horses
with flexural deformity of the distal interphalangeal joint
would indicate this procedure should be considered in
mature horses.

Introduction

Flexural deformity of the distal interphalangeal joint can be
congenital or acquired, with acquired deformities most
frequently occurring prior to age 4 months or close to age
one year (Auer 2006). Several theories exist but the most
common of these include stimulation of the flexural
withdrawal reflex by pain in the affected leg or rapid bone
growth causing increased flexion due to short
musculotendinous units (Auer 2006). Irrespective of the cause
or age, the deformity results in an upright and boxy hoof
capsule appearance with a tall heel and flaring of the distal
hoof wall (Auer 2006).

Conservative treatment of flexural deformities with a
dorsal hoof wall angle of <60° includes a combination of
corrective trimming and shoeing and nonsteroidal anti-
inflammatory therapy (O’Grady 2012). For horses that do not
respond to conservative therapy or those with a dorsal hoof
wall angle >60°, surgical intervention is indicated. Desmotomy
of the accessory ligament of the deep digital flexor tendon
(ALDDFT) releases the ligament and creates a functionally

longer deep digital flexor tendon unit, allowing the distal
interphalangeal joint to extend fully (Auer 2006). This
procedure, coupled with appropriate hoof care, dietary
management and anti-inflammatories, is the standard
treatment to correct the deformity in young horses.

In Standardbred racehorses that were treated with an
ALDDFT desmotomy prior to age 8 months, the prognosis for a
successful racing career was good (Stick et al. 1992). In
Thoroughbred foals with a flexural deformity where the dorsal
hoof wall was between 60 and 90° that underwent
desmotomy of the ALDDFT, it was found that these horses
were less likely to race than their normal age-matched
controls (Walmsley et al. 2011). However, in those that did
race, their performance was similar to their peers.

When the flexural deformity persists in mature horses, the
upright dorsal hoof wall is often concave as a result of distal
laminar separation between the third phalanx and the hoof
capsule. Chronically, this can cause lameness from laminar
separation as well as pedal osteitis from pressure on the apex
of the third phalanx. The upright heel and persistent tension
of the DDFT over the navicular bone can result in lameness
associated with the structures of the podotrochlear
apparatus. The upright angle decreases the ability of the
hoof to manage the concussive loading which may result in
bruising of the sole. Lameness from synovitis, desmitis and
abnormal loading patterns can occur in multiple locations
throughout the distal limb. Turner recognised a persistent low
grade lameness in horses with an upright conformation and
that adult horses with DIPJ deformity often present with heel
pain (Turner and Rosenstein 1992; Turner and Stork 1998). In a
group of nine horses of median age 7 years with chronic
caudal heel pain, 8/9 were no longer lame in the forelimbs
90 days after ALDDFT desmotomy (Turner and Rosenstein
1992). Another case series of horses that were aged mean
3.9 years showed that 12/14 (86%) returned to intended
function in 6–24 months after desmotomy of the ALDDT for
distal interphalangeal joint flexural deformity (Yiannikouris
et al. 2011).

There is limited information about long-term outcome of
ALDDFT desmotomy on lameness and skeletal conformation
in horses aged >2 years. In a mature horse, fibrosis of the joint
capsules and upright hoof wall angle and growth pattern
may be difficult to overcome and subsequently limit structural
change after desmotomy to correct the flexural deformity.
Using pre- and post-operative radiographs, this study
examines the changes in hoof and distal interphalangeal
joint angles from horses aged ≥2 years before and after
desmotomy for treatment of flexural deformity of the distal
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interphalangeal joint. Our hypotheses were that the
ligamentous release would allow for long-term changes in
hoof capsule and bone structure of the distal limb, and that
lameness would decrease following ALDDF desmotomy.

Materials and methods

Inclusion criteria
Medical records from November 2005 to November 2011 of
horses that were age ≥2 years that were presented for
lameness, the lameness was localised to the hoof capsule
with regional anaesthesia, and a unilateral desmotomy of the
ALDDFT performed, that had a follow-up examination at least
one year after the surgical procedure were included for
review. Horses that had more than one surgical procedure on
a leg were excluded. The case background and history were
recorded for each horse.

Radiographic evaluation and measurement
During the initial lameness examination and the follow-up
examination the lameness was evaluated and scored 0–5
based on the AAEP scale (Kaneps 2014) and radiographs
were obtained of the affected feet. For this radiographic
study, nine measurements (Fig 1) were obtained from the
lateral-medial radiographs (Cripps and Eustace 1999; Holroyd
et al. 2013):
• Angle S: Angle between the weightbearing surface and

the dorsal hoof wall.
• Angle T: Angle between the weightbearing surface and

the dorsal aspect of the distal phalanx.
• Angle U: Angle between line X and the weightbearing

surface where line X is drawn through the centre of the PIP

joint and the centre of the DIP joint and extended to the
ground.

• Angle H = angle T�angle S (indicates the rotation of distal
phalanx away from the dorsal hoof wall).

• Angle R = angle T�angle U (indicates the angle of the
distal interphalangeal joint).

• WT: Wall thickness, distance from the dorsal hoof capsule
and the coffin bone midway between the coronary band
and the weightbearing surface.

• SD: Sole depth, the thickness of the sole at the apex of the
coffin bone.

• HH: Heel height, measured as the distance from the
coronary band to the weightbearing surface.

• Angle HA: Angle between the heel of the foot and the
weightbearing surface.

Surgery
The desmotomy was performed as previously described
(Auer 2006) and all surgeries in this study were done
through a medial approach with a two-layer, subcutaneous
and skin, closure. All horses had the front feet trimmed
immediately prior to surgery or while anaesthetised by a
veterinarian or farrier. The objective was to lower the heel
as much as possible but maintain a full weightbearing
surface in the heel region. Shoeing, if done, was
determined by client preference. No toe extensions or
mechanism to lever the hoof capsule were used.
Perioperative antimicrobials were variable as dictated by
the surgeon. Horses were administered phenylbutazone
perioperatively and continued by the owners for 7–10 days
after surgery. When horses were discharged, the clients
were instructed to maintain a padded bandage over the
surgical site for 2 weeks, changing as needed. After
2 weeks of rest, horses were gradually returned to their
previous level of activity over a 2-week period. Clients were
asked to have the feet trimmed again in one month and
then maintained on a regular trimming schedule of
approximately 6 week intervals.

Outcome
Follow-up evaluations of horses >12 months after surgery were
obtained either at Iowa State University or by the referring
veterinarian. Veterinary examination included a lameness
score of the affected limb and a lateral radiograph of the
distal limb. All horses were at least 2 weeks past their most
recent routine hoof care.

Clients were also asked to describe the appearance of
the surgery site as no scar, small scar or a noticeable bump.
The clients categorised the shape of the hoof capsule as
worse, unchanged, or improved compared to preoperative
appearance. Clients were asked to report on the intended
activity of the horse, which was categorised into low (trail,
pleasure, brood mare), medium (western pleasure, show,
dressage), and high (racing, barrel racing, jumping) as well
as if the horse met or returned to the intended use (yes or
no).

All data were compiled in a spread sheet (Excel)1 that
was used for calculation of the descriptive statistics. A
Wilcoxon signed rank test was used to compare the
differences between pre- and postoperative radiographic
measurements and lameness. All data are presented as
median (range) and significance was set at P≤0.05.

S T
SD U

WT

HH

HA

Fig 1: The diagram shows the measurements made on the
lateral-medial radiographic image. S = the angle between
the dorsal hoof wall and the ground. T = the angle between the
dorsal cortex of the third phalanx and the ground. U = the angle
between the centers of curvature of the interphalangeal joints
and the ground. HA = angle between heel and the ground.
WT = dorsal hoof wall thickness. SD = Sole Depth at apex of third
phalanx. HH = height from coronary band at heel to ground.

© 2017 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / JANUARY 201854



Results

Case background
There were 20 horses that met enrolment criteria. Of these, 13
horses were available for follow-up with complete data
including post-operative radiographs to be included in the
study. The seven horses were lost to follow-up because the client
could not be located (n = 2), the horse was sold or died (n = 2),
or the clients declined the opportunity for follow-up examination
and radiographs despite the offer of financial support to do this
(n = 3). Of the 13 horses included in the study, the median age
was 5 years (range 2–14). There were five females, seven
castrated males and one intact male. The breed distribution
included six Quarter Horses, four American Paint Horses, and
one each of Thoroughbred, Warmblood and mixed breed. The
median time to follow-up was 34.5 months (17–87 months).

Lameness
The lameness was isolated to the distal limb by a palmar
digital nerve block in 9/13 (69%) and by an abaxial sesamoid
block in 4/13 (31%). The median lameness grade as
determined by a veterinarian was 2/5 at initial presentation
(range: 1–3/5) and at the follow-up examination was a
median of 1/5 (range: 0–3/5). There were 9/13 (69%) that
were less lame and 4/13 (31%) that had no change in
lameness. This resulted in 5/13 (38.5%) horses being sound with
a lameness grade of 0 at follow-up.

Radiographic assessment
All data are summarised in Table 1. The significant findings
were that the angle of the dorsal distal phalanx (Angle T) was
significantly lower (P = 0.0228) after surgery. Angle H which
determines the rotation of distal phalanx away from the
dorsal hoof wall, was significantly (P = 0.0432) lower and
Angle R, the angle of the distal interphalangeal joint, was
significantly (P = 0.0429) decreased.

Client reports
All horses had a medial approach to the ALDDFT. Seven of
the horses (7/13, 54%) had no noticeable scar while 4/13
(31%) had a small bump at the incision site and 2/13 (15%)
had noticeable thickening. No other complications were
noted associated with the surgical procedure.

The clients reported that the shape of the hoof capsule
was improved in 12/13 (92%) and no change in 1/13 (8%).

The majority of the horses were categorised as a medium
activity level (9/13, 69%), with 3/13 (23%) a high level and 1/
13 (8%) considered a low level of activity. Ten (10/13, 77%)
were able to be used for their intended function. The three
that did not return to intended function included one horse
intended for a high intensity activity (barrel racing) and two
intended for moderate intensity work.

Discussion

The data from this study support the hypothesis that horses
aged ≥2 years that underwent a desmotomy of the ALDDFT
for distal interphalangeal joint flexural deformity developed
beneficial structural changes of the hoof capsule, significant
changes in the angle of the distal interphalangeal joint and
decreased lameness. In this case series with a median follow-
up period of nearly 3 years, 77% of the horses were
performing their intended function after surgery.

The response to treatment may be the result of the
biomechanical changes following the desmotomy. The
improved alignment of the distal phalanx with the dorsal hoof
wall and a more normal angle of the distal interphalangeal
joint may be responsible for the decrease in lameness.
Interestingly, there was no significant change in angle
between the weightbearing surface and the dorsal hoof wall
(angle S) found in this group of horses. Heel height and angle
did not decrease as expected for hooves developing other
more normal angles. A potential explanation for this is that
prior to surgical intervention, conservative management
included trimming the foot to rasp flare from the toe and
lower the heel to match an expected visual normal. This may
improve the appearance and affect some of the
radiographic measurements, but may also contribute to the
lameness seen in these horses. After surgery the dorsal hoof
wall angle did not change but the coffin bone was aligned
with the dorsal hoof wall and the distal phalanx was aligned
with the first and second phalanges, decreasing abnormal
load on the podotrochlear apparatus. Another potential
explanation is that with recognition of the conformational
issues of the horse the farrier more appropriately trimmed the
horse to match the underlying bony column. Measurements of
the heel width, palmar angle of the distal phalanx, and the
lateral and medial hoof wall angles were not measured but

TABLE 1: The median and range for the nine radiographic variables as described in the text are shown as determined from the
preoperative and the follow-up lateral radiographs

Variable

Before desmotomy Greater than one year after desmotomy

Median Range Median Range P value

S 57 46–51 56 47–66 0.8415
T 60 50–66 56 49–63 0.0332*
U 58 44–70 58 48–69 0.8103
H 2 �3 to 12 0 �3 to 3 0.0293*
R 1 �12 to 13 �1 �13 to 10 0.0466*
WT 1.4 0.8–1.7 1.3 0.8–2 0.8337
SD 1.1 0.6–2.4 1.2 0.5–2.5 0.5961
HH 2.5 1.3–4.6 2.7 1.2–5.1 0.865
HA 52 30–60 48 31–62 0.4354
Lameness 2 1–3 1 0–3 0.0051*

Horses were assigned a lameness score before surgery and at the follow-up evaluation which are also presented as median and
range. Significant differences are denoted by *.
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may have provided additional information about hoof
changes after desmotomy of the ALDDFT.

The decreased lameness seen in these horses is similar to
that previously reported (Turner and Stork 1998; Yiannikouris
et al. 2011). The population most similar to that presented here
included mature performance horses with a flexural deformity;
however, only four horses had regional anaesthesia localising
the lameness and radiographic changes were not evaluated
(Yiannikouris et al. 2011). In that case series 86% (12/14) of horses
aged >2 years returned to their intended use after desmotomy
of the ALDDFT. The success rate of horses in this study is similar
(72% return to intended use), which indicates that mature horses
may benefit from desmotomy of the ALDDFT.

Case selection for surgery may have contributed to the
relatively positive long-term outcome in this study. When
reviewing preoperative radiographs, we recognised that none
of the horses in this study had notable radiographic evidence
of navicular bone degeneration. Those cases were probably
excluded from surgical intervention by the surgeon because of
an expected poor prognosis for soundness. Radiographic
evidence of severe changes in the distal phalanx and distal
interphalangeal joint in the horses aged one year and greater
as noted by Wagner et al. (1985) were also not present in the
cases in this study. The horses included in this study were aged
≥2 years and most were in active work; therefore, horses with
severe osseous changes would have been excluded by study
criteria that they would not have been in work nor presenting
for a mild to moderate lameness evaluation.

A significant decrease in lameness was seen in this
population; however, the median lameness score at follow-
up up was 1/5. Parameters that are not available for
evaluation include long-term maintenance of shoeing and
pain management through intraarticular medication and
systemic nonsteroidal anti-inflammatories. Based on clinical
experience, management of these cases without surgery often
results in repeated veterinary visits with similar hoof related
lameness issues. Comparison to a control group of horses
treated medically and with corrective shoeing would allow a
direct comparison of the treatment options for mature horses
flexural deformity of the distal interphalangeal joint.
Additionally, standardised hoof care and set follow-up time
periods would allow for improved outcome determination.
Obtaining these data in a future prospective study may further
support ALDDFT desmotomy for managing athletes with a
flexural deformity of the distal interphalangeal joint.

The specific anatomic site or sites creating the lameness in
these horses was not isolated beyond the regional anaesthesia
and radiographic evaluation. Nine of the horses had the
lameness resolved by a palmar digital block and the remaining
four by an abaxial sesamoid block. As noted by Turner and
Rosenstein (1992) multiple anatomic sites may be responsible for
pain localised to the foot, including the podotrochlear
apparatus, the deep digital flexor tendon, and the distal
interphalangeal joint. Laminar separation, pedal osteitis and
increased sole pressure as a result of the upright conformation
may also contribute to the clinical lameness seen in horses with
flexural deformity of the distal interphalangeal joint. Further
localisation through intrathecal anaesthesia and additional
imaging modalities, including magnetic resonance imaging,
may help improve case selection and direct additional
therapies to improve the overall outcome of these horses.

This study demonstrates the benefits of performing a
desmotomy of the ALDDFT in mature horses with a flexural

deformity of the distal interphalangeal joint. There were
significant improvements seen in the radiographic parameters
and lameness scores evaluated in this study.
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