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continued on page IV

From the President’s Desk: Taking advantage of our strengths

By the time you read this we will be halfway through 
2016—likely in the next stage of your practice cycle 
depending upon your practice type and location. The 
photo accompanying these comments highlights one of 
the many moving parts that make up my life: out of a 
miniscule OTTB mare, our “Cinderella blonde” 
homebred pony has, for 13 years, been the glue that 
holds our family together as a team. As groom, exercise 
rider, van driver, veterinarian, coach and fan of “the little 
horse that could,” I am reminded of the importance of 
heart and attitude in both human and equine. I consider 
myself fortunate indeed to live and practice in a world 
where the possibilities are endless . . . “life is good.” 

Moving on to my role as AAEP president, I am very 
appreciative of the opportunity to represent you at many 
of the various events and meetings within both the 
veterinary profession and the equine industry that have 
occurred in the first half of 2016—in addition to the 
hours of conference calls and correspondence that go 
along with this job. From an internal standpoint, we 
recently formed an Infectious Disease Committee as bio-
security is an ever-increasing concern within the horse 
community, and who better than us to play a leadership 
role in that regard? I would like to express my gratitude 
to the hard-working volunteers of the Educational 
Programs Committee whose team leaders met in April to 
finalize the scientific program selections for this year’s 
convention. Additionally, we hosted an Educational 
Partner Summit to ensure that the working relationships 
with our many industry partners remain strong.  

There have been other meetings along the way: the USDA 
Stakeholder meeting in Washington, D.C.; the 
International Equine Summit in China, where I was 
invited to speak and represent the AAEP, perhaps 
furthering our reach; and a quick trip to the annual 
meeting of the American Quarter Horse Association. 
More to come in the next few months.

As the AAEP membership renewals arrive, I would like to 
thank you for your continued support of AAEP. Members 
remain a key component of the AAEP’s strategic plan as 
we strive to deliver great value and benefit to you. Your 
AAEP’s strength of longevity with over 60 years as the 
leading authority, leading source of equine continuing 
education, and strong advocacy record of the very 
relevant mission “to improve the health and welfare of 
the horse” is supported by a diverse membership that is 
almost 10,000 strong.

On an individual basis, this translates into communica-
tions in many forms: EVE, Spur, Touchpoints, Job Flash 
and Equine Disease Communication Center alerts to 

name a few. Client education resources come in many 
forms as well. The Touch website contains a wide array 
of useful materials designed to strengthen your relation-
ship with, and education of, clients in the variety of 
practice types you see. If you have not yet visited the 
Touch website, I would highly encourage you to take 
advantage of the many tools and resources developed 
based on market research from our clients and available 
to you, exclusively, as an AAEP member. 

On a more interactive basis, the AAEP provides a 
tremendous resource to all member interests through the 
variety of Rounds listservs. Not only can one participate 
(or lurk) in case discussions and opinion surveys but, 
over time, Rounds archives will be an invaluable, 
searchable treasure trove of practical information, 
“how-to” pointers and case presentations from your 
fellow practitioners. Additionally, AAEP is looking at 
bringing back mentorship programs for both students 
and new graduates in an effort to support and guide our 
future practitioners through the early challenges of 
practice life.  

Just as the AAEP is a valued resource to its members, 
members are a valued resource to the AAEP. Volunteerism 
is a significant calling to many, and there is a fit for all who 
are interested. Completion of the Volunteer Interest Form 
on your AAEP Dashboard page is the key to involvement 
in the many volunteer opportunities, which range from 
“micro-volunteering” (short, one-time efforts such as 
ambassadors at the annual convention) through interest-
specific committees, subcommittees, task forces, board and 
officer leadership positions. In an effort to support the 
strong volunteer base, the Leadership Development 
Committee is rolling out resources to volunteer members 
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Dr. Kathleen Anderson
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From the President’s Desk: Taking advantage of our strengths, continued

in their various capacities through online tutorials and 
in-person workshops at the annual convention.  

I would be remiss to close without mentioning the added 
value your membership has with the AAEP Foundation, a 
501(c) entity that has been the charitable arm of the 
AAEP since 1994. This dynamic foundation is dedicated 
to delivering relevant research, education and outreach to 
the equine industry. The AAEP Foundation is unique in 
that 100% of contributions are used specifically to 
improve the welfare of the horse by carrying out the 

mission of the Foundation. None of the funds are used 
for any administrative or other overhead expenses.

As an organization, we strive to be responsive to the 
membership; therefore, we are always interested in 
hearing from you. Please feel free to contact me, or any of 
the board or staff, with comments, suggestions or 
feedback.  

Parting thought: “Individually, we are one drop. Together, 
we are an ocean.”—Ryanosuke Satoro 

Double down on AAEP CE in ‘The Big Easy’
Register for jointly held Focus meetings by June 30 and save $50

July 25-27, 2016
New Orleans, Louisiana

Whether your practice pursuits include reproduction, per-
formance or perhaps a little bit of both, you can raise the 
level of care you provide clients in these core areas of 
equine health at the AAEP’s two-for-one Focus meetings, 
July 25-27 in the destination city of New Orleans, La.

For one registration fee, you can attend sessions of both 
of the following meetings:

Focus on the Breeding Shed will help you improve 
live foal success rates through effective treatment of 
subfertility in mares and stallions utilizing proper 
facility design and appropriate resources, including 
assisted reproductive techniques. 

Focus on Soft Tissue Lameness in the Performance 
Horse will instill new approaches to old ideas about 
soft tissue lameness to help you narrow the region of 
interest, arrive at the diagnosis, administer treatment 
and define the appropriate rehabilitation. 

Following daily educational sessions, enjoy the unique 
culture of New Orleans, whose walkable downtown 

offers no shortage of culinary adventures, live jazz and 
boutique shops, as well as more National Historic 
Landmarks than any other U.S. city.

The early registration rate for the Focus meetings is $495 
for AAEP members; after June 30, the rate increases to 
$545. Register, book your hotel room and view the edu-
cational program for both meetings at www.aaep.org/
info/education.

Focus on the Breeding Shed and Focus on Soft Tissue 
Lameness in the Performance Horse are sponsored by:

®
TM

Don’t let time expire on your membership

Renew your AAEP membership by June 30 to ensure 
uninterrupted access to exclusive professional tools, 
resources and benefits that can broaden your clinical 
skills, professional network and bottom line.

Rounds

Club group purchasing

EVE

Medical Sciences Library

Renewing your membership is quick and easy. Simply 
complete the form you received in the mail and return it 
to the AAEP office by mail or fax at (859) 233-1968; or 
renew online at www.aaep.org/info/renew-membership.

For more information about your AAEP membership, 
contact Chelsea Smith, member engagement coordinator, 
at csmith@aaep.org or (859) 233-0147.

http://www.aaep.org/
http://www.aaep.org/info/renew-membership
mailto:csmith@aaep.org
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By Daniel P. Keenan, DVM

A “who’s who” of leadership from veterinary medicine, 
stakeholder groups, academia and government were 
among the more than 180 who converged on Michigan 
State University April 20-22 for the “Fix the Debt” 
summit to identify specific strategies to address the 
problem of student debt in the veterinary profession.

I’m sure many of us are familiar with the scope of the 
problem: overall student debt to income ratio upon 
graduation is 2:1 and approaches 3:1 when including 
only students with debt. Studies have shown a correlation 
between debt levels and depression/suicide, with incidence 
of suicide among recent graduates increasing 1% for 
every $100,000 indebtedness. Besides mental health 
issues, student debt is correlated to a variety of economic 
issues, including delaying the start of families, delaying 
the purchase of houses, working incredible hours and 
leaving the profession.

Against this backdrop, the summit served as a call to 
action, with break-out groups charged with figuring out 
what each could do and how they could make it happen. 
Attendees were segmented into four distinct groups: 
industry and veterinary organizations, academia, 
employers and students. The ideas drawing the most 
interest from each groups are summarized below.

Industry and veterinary organizations
This working group, of which I was part of as AAEP’s 
representative at the meeting, proposed lobbying efforts 
to reduce interest rates, end origination fees and “no 
refinance” stipulations in loan contracts, and change the 
date on which interest begins to accrue from inception of 
the loan to the time of graduation. The group also 
suggested active promotion of alternative careers—such 
as government and industry—for veterinary graduates, 
many of which pay better than clinical practice; and the 
study and promotion of return for your dollar of all 
veterinary schools as some have lower tuition and living 
costs but their graduates are paid just as much.

Academia
Ideas from the academia group covered both educational 
and administrative elements. The group recommended 
required classes in fiscal and financial responsibility for all 
students with a set four-year curriculum, teaching students 
what to look for in a fair contract, introducing students to 
financial predictive software and apps, and paying increased 
attention to core competencies so that graduates are better 
prepared to practice and earn money while reducing the 
number of students feeling the need for internships.

On an administrative level, the group advocated making 
applicants fully aware of the financial ramifications of 

veterinary school, limiting tuition increases to 3% per 
year, and actively pursuing more scholarship dollars 
through hiring of a full-time development/scholarship 
director and requiring students to fill in requests for 
scholarships with their financial aid application. The 
group also proposed investigating an alternative educa-
tional model in which students could earn their DVM 
degree in five or six years instead of eight.

Employers
This group emphasized the importance for employers to 
find ways to pay more. As a corollary, the group urged 
practices to step up their “on-boarding” efforts so that 
pre-vet and veterinary students have a clear picture of 
what is expected of them so they are able to quickly step 
into practice and earn more money for their employers 
and themselves. In addition, students and recent 
graduates should be taught the economics of practice.

Students
More than 20 students attended the summit and 
proposed learning and practicing financial responsibility, 
investigating alternative careers and learning the 
economics of practice. 

Dr. John Baker, dean of the Michigan State University 
College of Veterinary Medicine, expressed optimism that 
these approaches are good starting points toward achieving 
the overall goal of lowering the debt to income ratio.

“The student debt problem did not happen overnight, 
and we are not going to solve it overnight,” he said. 
“However, I feel that employing these strategies and 
holding each other accountable along the way are 
positive steps toward making debt less of a burden for 
our students and veterinarians in years to come.”

Dr. Keenan is owner of Foundation Equine Wellness and 
Performance in Crosswicks, N.J., and a member of the 
AAEP’s board of directors.

Finding industry solutions to veterinary student debt dilemma

Break-out groups discuss ideas targeting the growing problem 
of veterinary student debt.
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As you may or may not be aware, the FDA issued their 
final guidance on cell-based products for animal use in late 
2015 (Guidance for Industry Cell-Based Products for 
Animal Use #218).
 
The AAEP convened a task force to review the informa-
tion and provide a synopsis for the membership to better 
understand these regulations as they pertain to the use of 
these products. The task force consisted of Dr. Ashlee 
Watts, chair; Dr. Emma Adam; Dr. David Frisbie; Dr. 
Monty McInturff; Dr. Kenton Morgan; and Dr. Lauren 
Schnabel.

The following points represent the views of the task force.
 
1. FDA will regulate stem cell products for use in 

animals. Historically, the USDA has regulated many 
common biological products used in animals. This 
will not be the case when it comes to cell-based or 
stem cell products—the FDA will be the federal 
regulatory agency in most cases. 

2. As it relates to product approval and surveillance, the 
FDA will regulate animal cell-based products (ACPs) 
as new animal drugs.

3. In general, as a new animal drug, the ACPs must be 
evaluated for safety and efficacy for use as described 
by the label. The manufacture of these products must 
meet the requirements of current good manufacturing 
practices (cGMP). These products will be required to 
go through the New Animal Drug Application 
(NADA) process.

4. Type I ACPs include autologous (self to self) products 
which have been processed or “more than minimally 
manipulated”—this includes cell expansion and cell 
differentiation. The finished ACPs may be combined 
with or modified by adding another drug or device. 
Cells used for allogeneic (donor and recipient are not 
the same individual, but the same species) or 
xenogeneic (different species) use also fall under Type 
I ACPs whether they are manipulated or not. Non-
homologous applications will also be Type I. For 
example, adipose tissue used in treatment of tendon 
disease would be non-homologous use.

5. Type II ACPs are autologous (self to self) products 
which are only minimally manipulated, and are for 
homologous use (cell function is the same in the 
donor tissue as in the recipient tissue), and in which 
the manufacturing process does not involve combina-
tion with anything except water, crystalloids or a 
sterilizing, preserving or storage agent, and the 
finished ACP is not combined with or modified by 
the addition of a drug or device. If the manufacturer 
meets these criteria, including Good Manufacturing 
Practices, then the agency will place a low priority of 
oversight for Type II products. It is the expectation 
that only a small number of products will meet these 
criteria as Type II ACPs.

6. Type I ACPs will come under more stringent 
regulatory scrutiny and have a higher enforcement 
priority as compared to Type II ACPs.

7. All facilities which manufacture ACPs (either Type I 
or Type II) must register with the FDA and drug list 
their products and all facilities must be GMP 
compliant. This includes patient-side kits that are 
used for Type I and Type II ACPs. Sponsors of these 
products should report adverse events. All labeling 
and promotion must be truthful and include relevant 
hazards and precautions. Sponsor must submit drug 
experience reports, all safety and efficacy informa-
tion, and all data from all studies.

8. Both Type I and Type II ACPs cannot be marketed 
(sold) until they are an approved New Animal Drug 
(NAD). Type II products will be viewed with a lower 
oversight/enforcement priority as compared to Type I 
products.

9. Both Type I and Type II ACPs (which are in the 
approval process) can be used in investigational new 
animal drug (INAD) studies, but not sold.

This document is intended to guide our membership with 
regard to use of stem cells in equine veterinary practice. 
These points reflect the sentiments of the FDA and our 
members are encouraged to comply with these guidelines 
when using these products. Members seeking more 
detailed information are encouraged to read guidance 
document #218 in its entirety. It is accessible at  
www.fda.gov/AnimalVeterinary/NewsEvents/
CVMUpdates/ucm450556.htm

The AAEP will continue to monitor this issue and provide 
any updates as they become available.

Cell-based products for animal use: Guidance for veterinarians

http://www.fda.gov/AnimalVeterinary/NewsEvents/CVMUpdates/ucm450556.htm
http://www.fda.gov/AnimalVeterinary/NewsEvents/CVMUpdates/ucm450556.htm
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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. 

Early awareness of an infectious disease 
outbreak can mean the difference 
between the health of your clients’ 
horses and potential economic harm 
resulting from loss of horses or loss of 
use. Fortunately, it’s never been easier to 
stay aware of confirmed outbreaks 
across North America, which are posted in real time on 
the Equine Disease Communication Center (EDCC) 
Facebook and Twitter pages. 

“Like” the EDCC on Facebook at www.facebook.com/
EquineDiseaseCC and follow @EquineDiseaseCC on 

Twitter. You, your clients, event 
managers and others can also sign up 
through www.equinediseasecc.org to be 
notified by e-mail when an infectious 
disease outbreak is confirmed or an 
update to a previously reported 
outbreak is available.

The EDCC is funded entirely through the generosity of 
organizations, industry stakeholders and horse owners. To 
learn how you can make a tax-deductible contribution to 
the EDCC, visit www.equinediseasecc.org and click the 
“Sponsors” link.

Be alerted to infectious disease outbreaks through your social media streams

The AAEP welcomes new members and congratulates recent graduates

New Members:

Elizabeth Colarusso, DVM, Pine Bush, NY 
Kimberly N. Fox, DVM, Heath, TX 
Claire Marie Meyer, DVM, Lunel-Viel, France

Dana Newtson, DVM, Lincoln, NE 
Teri H. Wolf, DVM, El Paso, TX

Recent Graduates:

Rebekah Cavalcanti, DVM, Fitchburg, WI

http://touch.aaep.org
http://www.aaep.org
http://www.facebook.com/
http://www.equinediseasecc.org
http://www.equinediseasecc.org
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Following the recent award of $104,000 among 25 
AAEP student members, the Winner’s Circle Scholarship 
Program has distributed a cumulative $1,102,500 in 
scholarships to 280 veterinary students intent on careers 
in equine medicine since its establishment in 2008.

The annual scholarship program is co-sponsored by the 
AAEP Foundation, Platinum Performance and The Race 
for Education. Scholarships are intended to help ease the 
financial burden of a veterinary education by offering 
fourth-year students at each of the AAEP’s 39 full or full-
affiliate student chapters an opportunity to earn scholar-
ships ranging from $1,500 to $5,000, depending on 
individual need. Students are selected for scholarships 
based on their leadership roles and dedication to a career 
in equine healthcare.

In 2016, six students received $1,500 scholarships; 19 
others received $5,000 awards, which included $4,000 in 
funds from a federal matching grant that The Race for 
Education received from the Assets for Independence 
program administered through The Race for Education’s 
Federal Grant program. Only U.S. students attending 
veterinary school in the U.S. were eligible for the federal 
monies. 

An additional 11 applicants not selected for Winner’s 
Circle scholarships also received $4,000 awards through 
the federal matching grant. 

Further information about the scholarship program 
and its sponsors is available at www.aaepfoundation.org, 
www.platinumperformance.com and  
www.raceforeducation.org.

See page IX for a list of scholarship recipients and their 
photographs. 

Winner’s Circle Scholarship Program eclipses $1 million mark

Josh Singer and Jennie Wright, AAEP student members 
from the University of Georgia and Kansas State 
University, respectively, are the inaugural recipients of the 
Coyote Rock Ranch Veterinary Scholarship.

Created by Penny Knight, owner of Coyote Rock Ranch in 
Hillsboro, Ore., the scholarship program awards $75,000 
each to two fourth-year veterinary students who intend to 
pursue a career in an equine-focused veterinary practice. 

Knight is an avid horsewoman, strong advocate for equine 
health and generous donor to the American Quarter Horse 
Foundation, which manages the scholarship program. 

AAEP student members awarded $75,000 scholarships

Make ‘Grand’ CE plans for January

It’s never too early to plan a mid-winter 
escape for practical CE in the tropics! Mark 
your calendar for the AAEP’s 19th Annual 
Resort Symposium, to be held Jan. 30 - Feb. 1, 
2017, in Grand Cayman. Additional informa-
tion about the meeting will be announced in 
the fall. The AAEP thanks IDEXX and Merial 
for their sponsorship of the 19th Annual 
Resort Symposium. 

http://www.aaepfoundation.org
http://www.platinumperformance.com
http://www.raceforeducation.org


Congratulations to the 2016 Winner’s Circle Scholarship recipients:

Row 1, left to right:

Hugo Almonte, Purdue University

Maia Aspe, University of Saskatchewan

Katelynn Basala, Virginia-Maryland College of 
Veterinary Medicine

Rebecca Bishop, Tufts University

Row 2:

Caroline Brown, Tuskegee University

Jessica Dean, University of Missouri

Avery Gagnon, University of Guelph

Jessica Harvey, St. George’s University

Row 3:

Charlotte Hemstock, University of Calgary

Emily Johnson, Colorado State University

Nicole King, Michigan State University

Alaina Kringen, Iowa State University

Row 4:

Danielle Kurkowski, Washington State University

Lindsey Patton, North Carolina State University

Sarah Porter, University of Tennessee

Laura Sahlfeld, Oregon State University

Row 5:

Leah Sigmon, Ohio State University

Kile Townsend, University of Prince Edward Island

Sarah Varnell, University of California, Davis

Chelsea Walker, Oklahoma State University

Row 6:

Katie Weber, University of Wisconsin

Nicole Wettstein, University of Illinois

Sarah White, Texas A&M University

Jennifer Whitmore, Ross University

Not pictured:

Courtney O’Connell, Cornell University

EQUINE VETERINARY EDUCATION / AE / JUNE 2016 IX
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AAEP Working For You

Thanks to the following members who volunteered time 
and expertise for AAEP programs or on behalf of the AAEP 
during the first five months of 2016.

AAEP On Call
Dr. Jeff Blea – Santa Anita Derby on NBC from  
Santa Anita Park
Dr. Scott Hopper – Toyota Bluegrass Stakes on NBC  
from Keeneland Race Course
Dr. Keith Latson – Kentucky Oaks and Kentucky Derby  
on NBC from Churchill Downs; Black-Eyed Susan Stakes 
and Preakness Stakes on NBC from Pimlico Racecourse
Dr. Scott Palmer – Wood Memorial on NBC  
from Aqueduct

AAEP Ask the Vet
Dr. Sid Gustafson – Equine Behavior
Dr. Chelsey Miller – Equine Ophthalmology
Dr. Amy Poulin-Braim – Joint Injections and Soft Tissue 
Injury Treatments
Dr. Jen Reda – Joint Infections
Dr. Stephanie Regan – Joint Infections
Dr. Madison Seamans – Equine Reproduction – From 
Stallion to Foal

AAEP Continuing Education  
Steering Committee Meeting
Dr. Kathleen Anderson Dr. Amy Grice
Dr. Kent Carter Dr. Margo Macpherson
Dr. Reynolds Cowles Dr. Eric Mueller
Dr. Jack Easley Dr. Phoebe Smith

AAEP Educational Partners Summit
Dr. Kathleen Anderson Dr. Katie Garrett
Dr. Reynolds Cowles Dr. Amy Grice 
Dr. Jack Easley Dr. Margo Macpherson

AAEP Educational Programs Committee Meeting
Dr. Kathleen Anderson Dr. Margo Macpherson
Dr. Carolyn Arnold Dr. Eric Mueller
Dr. Barry Ball Dr. Chris Sanchez
Dr. Luke Bass Dr. Kurt Selberg
Dr. Reynolds Cowles Dr. Phoebe Smith
Dr. Amy Grice  Dr. Tracy Turner 
Dr. Amy Johnson Dr. Mary Beth Whitcomb 

American Quarter Horse Association Convention
Dr. Kathleen Anderson

Association of Racing Commissioners  
International Meeting
Dr. Scott Hay

Association of Racing Commissioners  
International Town Hall
Dr. Andy Roberts

AVMA “Fix the Debt” Summit
Dr. Daniel Keenan

AVMA Veterinary Leadership Conference
Dr. Kathleen Anderson Dr. Cynthia MacKenzie
Dr. Stuart Brown Dr. Brad Tanner

AVMA Veterinary Wellness Roundtable
Dr. Rob Franklin

Mid-Atlantic Racing Medication Meeting
Dr. Kathleen Anderson Dr. Reynolds Cowles

Racing Medication and Testing Consortium Meeting
Dr. Jeff Blea Dr. Scott Hay

USDA APHIS Meeting
Dr. Reynolds Cowles

Dr. Angela Demaree wins congressional primary in Indiana

Dr. Angela Demaree, who resigned in January as equine 
medical director of the Indiana Horse Racing Commission 
to pursue election to the U.S. House of Representatives in 
Indiana’s 5th Congressional District, defeated her lone 
challenger in the May 3 Democratic primary election by a 
75% to 25% margin. Dr. Demaree will square off against 
two-term incumbent Republican Susan Brooks in the Nov. 
8 general election. 

Dr. Demaree received her veterinary degree from Purdue 
University in 2002. After several years in private practice, 

she joined the AVMA in 2007 as 
assistant director of the Governmental 
Relations Division. She started at the 
Indiana Horse Racing Commission 
three years later. Dr. Demaree is a 
major in the U.S. Army Reserves 
Veterinary Corps and deployed to 
Kuwait in 2012 in support of 
Operation Enduring Freedom.

Additional information about Dr. 
Demaree and her campaign is available at  
www.demareeforcongress.com.

Member in the News

Dr. Angela Demaree

R.
 S

co
tt 

No
le

n

http://www.demareeforcongress.com
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AAEP Partner Profile: Merial  

Merial is a world-leading, innovation-driven animal health company, providing a comprehensive range of products 
to enhance the health, well-being and performance of horses and other animals. In addition to making significant 
investments in research and development to bring safe, efficacious pharmaceuticals and vaccines to market, Merial is 
committed to partnering with veterinary partners to help educate horse owners and foster clinic-client communications 
to promote best practices in equine health care.

Unapproved Products Initiative
Horse owners are bombarded with choices when it comes to equine health products. To help 
them navigate through the marketplace, Merial developed EquineDrugFacts.com. Through the 
site, horse owners can learn the differences between pioneer, generic, compounded and illegally 
manufactured drugs. The site also highlights the importance of Food and Drug Administration 
approval and features a way for veterinarians and horse owners to file complaints if they feel 
manufacturers have misled them.

Advances in Parasite Management
With outdated calendar-based rotational deworming strategies still the norm for many horse owners, Merial 
recognized a need to provide updated information about protocols. The one-stop educational resource, 
ReThinkDeworming.com, encourages horse owners to partner with their veterinarians to implement more effective 
parasite management plans. 

The expanding MERIAL® brand family of equine products now includes LEGEND® (hyaluronate sodium) and 
MARQUIS® (15% w/w ponazuril) along with ULCERGARD® (omeprazole), GASTROGARD® (omeprazole), 
ZIMECTERIN® (ivermectin) brand dewormers, MERIAL and RECOMBITEK® equine vaccines and EQUIOXX® 
(firocoxib). Clinics can direct clients to MerialEquineRebates.com to find links to educational product pages as well as 
significant savings on all Merial equine products, many of which are available only through veterinarians.

Applications for the AAEP Foundation Past Presidents’ 
Research Fellow and the EQUUS Foundation/AAEP 
Foundation Research Fellow are being accepted through 
Aug. 1.

The annual $5,000 scholarships reward AAEP-member 
doctoral or residency students who have made significant 
progress in the field of equine healthcare research. The 
recipients of the Past Presidents’ Research Fellow and the 
EQUUS Foundation Research Fellow will be honored at 
the AAEP’s 62nd Annual Convention in Orlando, Fla. 
Each will receive a $500 stipend to support travel to the 
convention.

The scholarship application and descriptions are 
accessible through the “Apply for Funding” link on the 
AAEP Foundation’s website at www.aaepfoundation.org.

Graduate-level researchers: Apply for AAEP Foundation Fellows
Application deadline for annual scholarships is Aug. 1

Dr. Jane Marie Manfredi, center, receives the 2015 EQUUS 
Foundation/AAEP Foundation Research Fellow during the 
61st Annual Convention from 2015 AAEP President Dr. 
Kent Carter, left, and EQUUS Foundation board member 
Dr. Rick Mitchell.

http://www.EquineDrugFacts.com
http://www.ReThinkDeworming.com
http://www.MerialEquineRebates.com
http://www.aaepfoundation.org
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AAEP Meetings and Continuing Education

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

July 25-27, 2016

Focus on the Breeding Shed

New Orleans, Louisiana
 

July 25-27, 2016

Focus on Soft Tissue 

Lameness in the  

Performance Horse

New Orleans, Louisiana 

December 3-7, 2016

62nd Annual  

Convention 

Orlando, Florida

January 30- 

February 1, 2017

19th Annual Resort 

Symposium

The Westin, Grand Cayman

Membership Benefits

Enlist the Texas A&M Medical Sciences Library to fill information gaps

“The Texas A&M Get It For Me service is an incredibly valuable resource 
offered alongside my AAEP membership. To be able to request any article from 
any journal without having to maintain expensive journal subscriptions is a 
welcome benefit. It’s quick and easy to request an article you would like, and 
they can usually provide an electronic copy” —Shalyn Crawford, DVM, New 
Market, Va.

When investigating a medical topic, enlist professional research support at no 

Library offers complimentary database search and document delivery services 
to AAEP members who do not otherwise have institutional support for finding 
and accessing veterinary literature.

You can request a mediated database search on a particular topic by contacting 
AskMSL@library.tamu.edu. Search results will be delivered to your inbox 
within two business days.

You can request copies of articles, book chapters and conference papers 
through the library’s Get It For Me service at http://getitforme.library.tamu.
edu/msllocal. First-time users must register with an e-mail address. PDF copies 
of requested items will be delivered within two business days to your Get It 
For Me account. Dr. Shalyn Crawford

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

Read EVE on your smartphone or tablet

http://www.aaep.org
mailto:AskMSL@library.tamu.edu
http://getitforme.library.tamu


Not all omega’s are created equal and not all omega’s are DHA. Aleira and 
Releira are the only products on the market that contain an all-vegetarian, 
fish-oil free source of purified Docosahexaenoic Acid (DHA) which is one of the 
most beneficial Omega-3 fatty acids found in nature and designed for the most 
advanced respiratory, immune, and reproductive support possible. Our DHA is 
so pure, it is the same DHA used in infant formula. Aleira and Releira are the 
first and only products on the market to have research conducted on the actual 
product. Don’t settle for lower quality omega products that don’t contain the 
same DHA as Aleira and Releira. Accept no imitations!  Give your horses the   g 

www.Arenus.com - 866.791.3344 Or contact your Arenus Veterinary Solutions Specialist

quality and results that they deserve.

http://www.Arenus.com


Every Case. Every Time.
Support for Wellness, Performance & Conditions.

For Veterinarians, By Veterinarians since 1996
For two decades, Platinum Performance® has been researching the role of nutrition in equine health to 

provide veterinarians with the information and formulas needed to support the health of their patients. 

See the Difference Platinum Can Make in Every Case.

PlatinumPerformance.com | 866.553.2400 
© 2016 PLATINUM PERFORMANCE, INC.
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Highlights of recent clinically relevant papers

.Dexamethasone in pregnant mares

This study by Orlando Valenzuela and colleagues in the UK
investigated the effects of maternal dexamethasone
treatment on pancreatic b cell function in the pregnant mare
and post natal foal.

To investigate the effects on the metabolism (in particular
glucose regulation) of pregnant mares and their offspring,
intramuscular dexamethasone (200 lg/kg bwt) was
administered to six pregnant mares on three occasions at
48 h intervals. Five pregnant mares were injected at the
same intervals with saline. Serial intravenous glucose
tolerance tests were performed on all horses, 48 h before the
first dexamethasone/saline treatment, 24 h after the second
treatment, and 72 h after the final treatment.

Baseline plasma concentrations of glucose, insulin and
lactate were similar in both treatment and control groups.
Within three days of treatment commencing, concentrations
were significantly higher in the dexamethasone group than in
the control group. Post-treatment, there was no difference in
glucose or lactate concentrations but plasma insulin remained
significantly higher in the treated group. The maximal glucose
concentrations following dexamethasone treatment were not
significantly different between the two groups; however, the
magnitude of the insulin response to glucose was significantly
higher in the dexamethasone treated group and the insulin
response was more prolonged, indicating a greater
pancreatic b cell response to exogenous glucose.

All foals were delivered uneventfully. Femur length and
placental area were significantly lower in the dexamethasone
treated group compared with the controls. There was no
difference in growth rate of foals up to 12 weeks or plasma
cortisol concentrations between treatment groups. The foals’
pancreatic b cell response to glucose was unaffected by
maternal dexamethasone treatment with no difference
between groups; however, there was a difference in the
response to arginine, with a significantly lower insulin response
in the dexamethasone group foals compared with the control
group at 12 weeks old. This suggests maternal dexamethasone
treatment suppresses the ability of insulin to stimulate uptake
of amino acids.

Maternal treatment with dexamethasone during pregnancy
affects glucose and insulin regulation in the mare, results in
lower placental size but does not significantly alter foal
growth after birth. It does not significantly alter glucose and
insulin metabolism in the foal but does reduce amino acid
uptake.

Abortion associated with buttercup consumption

In this report Thomas Swerczek from the University of
Kentucky, USA, describes cases of abortions in Thoroughbred
mares associated with consumption of bulbosus buttercups
(Ranunculus bulbosus L).

Unexplained clinical signs of weight loss and emaciation
were reported in a herd of Thoroughbred horses grazing
spring pastures on a central Kentucky farm, despite the
provision of supplemental grain and hay. A buttercup plant,
Ranunculus bulbosus L, was abundantly present in all pastures
and paddocks on the farm. All horses, especially lactating

mares and their foals, had mild to severe weight loss as
assessed by body condition. Seven mares on the farm had
been confirmed pregnant between 30 and 45 days of
gestation, but were later found to have aborted. Two
2-year-old fillies developed severe diarrhoea, incoordination,
recumbency, and paralysis and were subjected to
euthanasia. Necropsy of these horses revealed ulcers and
erosions in the stomach and large intestine. The findings were
considered consistent with buttercup toxicosis.

The horses were transferred to buttercup-free pastures on
another farm. All horses made an uneventful recovery and
clinical signs resolved. Mares that had aborted conceived
successfully in the next breeding season.

The buttercup plant is toxic for all classes of livestock. The
clinical signs associated with buttercup toxicosis may mimic
other disease syndromes affecting the gastrointestinal tract of
herbivores, therefore on-farm epidemiological investigations
are an essential part of the diagnosis of this condition.
Consumption of buttercups has previously been associated
with abortions in cattle, but to the author’s knowledge, this
has not previously been described in horses.

No association between intraoperative PaO2 and
incisional complications

In this retrospective study Katherine Robson and colleagues in
the UK set out to determine whether there was an association
between the lowest arterial blood oxygen tensions (PaO2)
measured during anaesthesia and post operative incisional
complications in horses.

Clinical records of 278 horses undergoing general
anaesthesia for colic were studied. Incisional complications
developed in 89 horses (32%). No association was found
between intraoperative PaO2 and incisional complications in
a multivariable model. Hypertonic saline, total protein, body
mass and intestinal resections were associated with incisional
complications. Use of penicillin alone was associated with
more incisional complications than the use of penicillin and
gentamicin in combination. This study was unable to
demonstrate a link between low intraoperative PaO2 and
increased risk of post operative incisional complications.

Prednisolone and laminitis risk

There is concern that the use of oral prednisolone in horses
and ponies potentially increases the risk of laminitis. This
retrospective case–control study by Victoria Jordan and
colleagues in the UK set out to determine whether there was
evidence to support this.

Clinical records from ambulatory practice over a period
of 13 years were analysed. Horses that had received
treatment with oral prednisolone (total 416) were compared
against two time-matched controls (total 814) that had not
received prednisolone treatment and had been seen by the
same veterinary surgeon before and after the horse which
had been given prednisolone. The median age in both
groups was 13 years and there was no significant difference
in breed or sex distribution between the groups. Overall
laminitis incidence rate and laminitis rate during prednisolone

© 2016 EVJ Ltd
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treatment were calculated and where more than one
episode of laminitis occurred in the same horse, only the first
was included.

There was no statistically significant difference between
prednisolone treated and non-treated groups in overall
incidence of laminitis or incidence during the treatment
period. In total, there were 62 cases of laminitis, giving an
overall incidence of laminitis of 3.19 per 100 horse years at
risk. Horses had been treated with prednisolone for a variety
of disease conditions and there was no association between
reason for treatment and risk of laminitis. In the non-
prednisolone treated group, 32 episodes of laminitis
occurred over the study period, giving an incidence of 3.46
per 100 horse years at risk. In the prednisolone treated
group, 16 laminitis cases occurred, giving an incidence of
2.6 per 100 horse years at risk. Seven of these laminitis
episodes occurred during the prednisolone treatment period,
giving an incidence of 20.84 per 100 horse years at risk
during the period prednisolone was being given. The time at
which the laminitic episode occurred in relation to
prednisolone treatment was variable (median 34 days after
commencement of treatment), with three cases developing
laminitis more than one month after the end of prednisolone
treatment.

Of the 16 cases of laminitis in the prednisolone group, six
were investigated for underlying endocrine disease and all six
were confirmed to have either pituitary pars intermedia
dysfunction (PPID) or equine metabolic syndrome (EMS).
There was no significant difference in the prevalance of these
endocrine conditions between the treated and non-treated
groups, but across both groups horses with PPID or EMS had a
significantly higher incidence of laminitis compared with
horses without endocrine disease although within the
prednisolone group, laminitis rates during treatment were not
different in those with and without endocrine disorders.
Previous history of laminitis and increasing age were
associated with increased risk of laminitis. Of the 15 horses
euthanased because of laminitis during the study, three were
from the prednisolone group and 12 from the control group,
with no association between prednisolone treatment and
mortality. Oral prednisolone treatment did not increase the
risk of laminitis in this study.

Auditory loss in horses with temporohyoid
osteoarthropathy

Auditory loss is common in horses with temporohyoid
osteoarthropathy (THO); however, recovery of function is
unknown. In this study Monica Aleman and colleagues in the
USA investigated neurological function with emphasis on
audition in horses with THO after treatment and reported
anatomical alterations of the petrous temporal bone that
might result in auditory loss.

This prospective study included 24 horses with a clinical
diagnosis of THO. A brainstem auditory evoked response
(BAER) study was performed as part of the criteria for
inclusion. Physical and neurological status and BAER findings
were recorded. Brainstem auditory evoked response variables
were compared by using Wilcoxon sign test, and Fisher’s
exact test was also used.

The most common signs included auditory loss (100% of
horses), vestibular and facial nerve dysfunction (83%), and
exposure ulcerative keratitis (71%). Concurrent left laryngeal
hemiparesis was observed in 61% of horses through
endoscopy. Auditory dysfunction was bilateral in 50% of the
cases (complete and partial), and unilateral affecting more
commonly the right ear (R = 8, L = 4). Short- and long-term
follow-up revealed persistent auditory loss in all horses based
on abnormal response to sound, and further confirmed
through a BAER in 8 horses.

Auditory dysfunction appears to be a permanent
neurological deficit in horses diagnosed with THO despite
overall neurological improvement.

Perioperative plasma colloid osmotic pressure

This prospective clinical study by Alexandra Raftery and
colleagues in the UK compares perioperative trends in
plasma colloid osmotic pressure (COP) between horses
undergoing orthopaedic and colic surgery.

Data relating to parameters on presentation, surgical
lesion, post operative management and survival were
extracted from clinical records of 33 healthy horses
presenting for orthopaedic surgery and 85 horses presenting
for emergency exploratory celiotomy. Heparinised blood
samples were taken on presentation, on recovery from
anaesthesia and at 12 and 24 h post recovery. Colloid
osmotic pressure was measured within 4 h of collection.

Horses undergoing exploratory celiotomy had significantly
lower COP post operatively than those horses undergoing
orthopaedic surgery. This difference was more marked in
those horses receiving isotonic crystalloid intravenous fluid
therapy post operatively and in those that did not survive to
discharge. In the orthopaedic surgery group an increase in
COP post operatively was common.

S. WRIGHT
EVE Editorial Office
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Case Report

Osteomyelitis of the medial trochlear ridge of the talus in a horse
F. N. Amitrano*, S. M. Austin and A. T. Kay
Department of Veterinary Clinical Medicine, College of Veterinary Medicine, Veterinary Teaching Hospital,
University of Illinois, Urbana, USA.
*Corresponding author email: amitrano@illinois.edu

Keywords: horse; osteomyelitis; septic arthritis; talus

Summary
A 12-year-old Quarter Horse gelding was evaluated for
chronic recurrent right hindlimb cellulitis and severe lameness.
Chronic tibiotarsal joint sepsis and osteomyelitis of the medial
trochlear ridge were diagnosed and confirmed cytologically,
arthroscopically and histologically. Trauma and secondary
cellulitis and chronic septic arthritis were suspected
aetiological factors.

Introduction
Osteomyelitis refers to an inflammatory or infective process
involving the cortical and medullary components of bone
(Baxter 1996; Trotter 1996). Bacterial pathogens gain access
to osseous tissue as a result of haematogenous spread,
direct inoculation or extension from adjacent soft tissues
(Swinebroad et al. 2003; Neil et al. 2010; Clegg 2011).
Osteomyelitis with concurrent septic arthritis of the tibiotarsal
joint has been more frequently reported in foals (Firth et al.
1985; Firth and Goedegebuure 1988; Neil et al. 2010). However,
osteomyelitis in the hock region of the mature horse has been
more commonly reported in association with sustentacular
pathology (Dik and Merken 1987; Hand et al. 2001), the tuber
calcanei (MacDonald et al. 1989; Hand et al. 2001; Post et al.
2003) and infrequently the distal lateral trochlear ridge (Wright
2005). Horses with osteomyelitis of the talus have historically
been considered to have a guarded prognosis for surviving
and a poor prognosis for returning to their previous level of
performance (Dik and Merken 1987; Hand et al. 2001).

We are unaware of any reports describing the clinical
and diagnostic findings following osteomyelitis involving the
proximal dorsal aspect of the medial trochlear ridge of the
talus.

Case history
A 12-year-old Quarter Horse gelding presented to the
University of Illinois Veterinary Teaching Hospital for evaluation
of recurrent right hindlimb cellulitis and severe lameness that
first developed 4 weeks previously while the horse was out at
pasture with other horses. The owner reported a small amount
of blood on the medial aspect of the leg, but no overt skin
wounds or hair loss. Initial examination by the referring
veterinarian revealed a grade 5/5 (AAEP) right hindlimb
lameness and diffuse painful soft tissue swelling extending from
the tarsus distally, consistent with primary cellulitis. The
remainder of the physical examination was unremarkable. No
evidence of skin wounds was detected. The horse was treated
medically with flunixin meglumine (Flu-Meglumine)1 1.1 mg/kg
bwt i.v. initially, then per os b.i.d. for 5 days, trimethoprim
sulfadiazine (Tucoprim)2 20 mg/kg bwt per os b.i.d. for 14 days,

tetanus toxoid (Tetanus Toxoid)3 i.m. and hydrotherapy with
hand walking exercise. The horse was re-examined 3 days later
appearing greatly improved clinically with full weightbearing
evident at the walk, and reduced soft tissue swelling. Residual
oedema swelling was detected over the medial aspect of
the tarsus and third metatarsus. Pressure bandaging was
therefore added to the therapy regime. Follow-up telephone
conversation with the owner several days later determined the
swelling to have resolved, and the horse to now appear sound
at the walk and trot at pasture. Three days prior to referral the
horse again developed increased right hind lameness with
associated soft tissue swelling during small paddock turnout.
Clinical signs deteriorated, despite repeat hydrotherapy and
bandaging by the owner, prompting referral.

Clinical findings
On presentation, the horse was bright, alert and responsive
and in good bodily condition. Clinical parameters were within
normal limits. A grade 5/5 right hind lameness (AAEP) was
present with moderate diffuse soft tissue swelling extending
from the tarsus distally. Palpation revealed effusion of the
tibiotarsal joint, and a painful response over the medial aspect
of the tarsus. No evidence of a skin wound was detected.
Upper limb flexion was markedly resented. Digital pulse
amplitude was within normal limits in the remaining limbs.

Diagnostics
Routine direct digital radiographic imaging of the right tarsus,
including a flexed lateromedial view, revealed a focal 10 ×
7 mm radiopaque osteochondral lesion surrounded by
radiolucency and mild increased opacity at the proximal third
of the medial trochlear ridge of the talus. Subchondral bone
sclerosis and periarticular modelling with loss of joint space
were detected in the distal intertarsal joint and third tarsal
bone (Fig 1a–c). Mild osteophyte formation was also evident
at the dorsal proximal third metatarsus. These findings were
consistent with potential osteomyelitis or sequestrum formation
of the medial trochlear ridge and chronic distal tarsal joint
degenerative joint disease.

Arthrocentesis of the right tibiotarsal joint was performed
via a dorsomedial approach. Gross appearance of the
synovial fluid revealed a cloudy, watery, yellow sample with
low viscosity (specific gravity 1.021). Cytological analysis
revealed leucocytosis (white blood cell count 22.0 × 109 cells/l)
with a differential of 96% nondegenerate neutrophils, 2%
mononuclear cells and 2% small lymphocytes. Total protein
measured 31 g/l. These findings confirmed a septic arthritic
process.

© 2014 EVJ Ltd

299EQUINE VETERINARY EDUCATION / AE / JUNE 2016

mailto:amitrano@illinois.edu


Surgery
Preoperative haematology parameters were within normal
limits. Prior to surgery a 14 gauge 8.9 cm long stay catheter
(Milacath)4 was placed aseptically in the right jugular vein.
Preoperative therapy included gentamicin (Gentamax)1

6.6 mg/kg bwt i.m. s.i.d., procaine penicillin (Pen-
G)1 22,000 iu/kg bwt i.m. b.i.d. and phenylbutazone
(Phenylbute)1 4.4 mg/kg bwt i.v. b.i.d. The horse was
premedicated using acepromazine maleate (Acepromazine
Maleate Injection)1 0.03 mg/kg bwt i.v., xylazine hydrochloride
(AnaSed)5 1.1 mg/kg bwt i.v., and butorphanol tartrate
(Torbugesic)3 0.05 mg/kg bwt i.v. General anaesthesia was
induced with ketamine hydrochloride (Ketaset)3 2.0 mg/kg bwt
i.v. and midazolam hydrochloride (Midazolam, USP)6

0.01 mg/kg bwt i.v. Anaesthesia was maintained using
isofluorane (Isoflo)7 1–2%, and lidocaine (Lidocaine injectable)8

given initially as a bolus of 2 mg/kg bwt i.v. then as a constant
rate infusion in lactated Ringer’s solution (LRS)7 at 50 μg/kg bwt
until 30 min prior to the end of surgery (Valverde et al. 2005).

The horse was positioned in dorsal recumbency, the
affected limb placed in 90° flexion and the nonaffected limb
in resting flexion (Zamos et al. 1994). The surgical site was
aseptically prepared in a routine manner. Tibiotarsal joint
distension was performed using LRS via an 18 gauge
hypodermic needle in the plantaromedial pouch. An
arthroscopic sleeve and blunt trocar were inserted through a
skin stab incision in the middle of the plantarolateral joint
pouch. A 4 mm 30° forward oblique arthroscope (Linvatec)9

was then inserted into the joint. Marked chronic synovitis with
fibrinous exudate was evident throughout the plantar recess.
An instrument portal was created in the middle of the
plantaromedial pouch following needle placement, to allow
debridement of the pannus using Ferris-Smith and biopsy
basket rongeurs (Dyonics)10. The lesion on the medial trochlear
ridge appeared oval, firm on probing, with a slightly depressed
yellow and puckered articular surface in relation to the more
normal surrounding gross cartilage appearance. Curettage
confirmed firm subchondral bone below the defect. The
remaining pannus was removed and a total of 15 l LRS joint
lavage performed in both plantar and dorsal pouches prior to
portal closure with 2-0 poliglicaprone 25 (Monocryl)10 in a
simple interrupted pattern. The joint was medicated using 1 g
amikacin (Amiglyde-V)11 and 40 mg morphine sulfate
(Infumorph 200)12 prior to application of a routine sterile
support bandage. The horse recovered uneventfully from
anaesthesia.

Outcome
Regional limb perfusion using 500 mg amikacin (Amiglyde-V)3

diluted in 60 ml LRS and intra-articular medication with
imepenem-cilastatin (Primaxin)13 0.02 mg/kg bwt was
performed 12 h post operatively. At 6 h, the lameness had
improved to allow full weightbearing on the affected limb;
however, by 12 h the lameness resorted to grade 5/5.
Butorphanol tartrate (Torbugesic)3 at 0.1 mg/kg bwt i.m. t.i.d.
and acepromazine (Acepromazine maleate Injection)1 at
0.05 mg/kg bwt i.m. t.i.d. were then added to the therapeutic
protocol.

The horse’s discomfort deteriorated further with complete
inability to weight bear 48 h following surgery. Further
treatment was declined given the poor prognosis for
soundness and the economic constraints dictated by the

a)

b)

c)

Fig 1: Dorsal 45° lateral-plantaromedial oblique (a), dorsoplantar
(b) and flexed latero-medial (c) radiographic views of the right
tarsus. Note the subchondral bone lucent defect in the proximal
medial trochlear ridge (arrows). Also, advanced subchondral
bone modelling and loss of joint space in the distal intertarsal joint,
and periarticular osteophyte formation associated with the
tarsometatarsal joint. These changes are consistent with advanced
distal tarsal degenerative joint disease.
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owner, therefore the horse was subjected to euthanasia by
lethal injection.

Post mortem findings
Gross examination of the right tibiotarsal joint revealed diffuse
hyperaemia and thickening of the synovium, and the
presence of a 10 × 7 mm full thickness cartilage defect with
exposure of subchondral bone in the proximal third of the
medial trochlear ridge of the talus. The adjacent and regional
articular cartilage appeared white and opaque with a dull
surface. A thin rim of eroded cartilage similar to the centrally
located defect was evident circumferentially (Fig 2a,b).
Evidence of discoloration within the subchondral bone was
also detected deep to the articular lesions.

Histopathology revealed a regional absence of the
articular cartilage and superficial subchondral bone, replaced
by fibrin, haemorrhage, enmeshed fibroblasts, and areas of
osteo- and chondronecrosis. The underlying and partially
exposed subchondral bone was composed of markedly
thickened trabeculae with lacunae lacking osteocytes
consistent with local osteonecrosis and sclerotic new bone

formation. Adjacent to the lesion there appeared multifocal
areas of trabecular bone effaced by marked amounts of
granulation tissue mixed with abundant fibrin, haemorrhage
and large numbers of viable and degenerate neutrophils.
The remaining trabeculae have scalloped edges lined
by osteoclasts, contain reversal lines consistent with
bone remodelling, and display Howship’s lacunae
lacking osteocytes. These findings would be consistent with
suppurative osteomyelitis of the talus (Fig 3a,b).

Discussion
Osteomyelitis in the mature horse is an uncommon condition
and usually develops secondary to trauma (Peremans and
Verschooten 1991; Swinebroad et al. 2003). The lesion
described in this report highlights the susceptibility of osseous

a)

b)

Fig 2: Gross post mortem examination of the right talus: Abaxial
margin of medial trochlear ridge (a) and axial margin (b). Note
the oval full thickness cartilage defect, surrounding opaque
subchondral sclerosis, cartilage collapse peripherally (arrowhead)
and radiating subchondral vascular congestion (arrows).

500 μm

200 μm

a)

b)

Fig 3: Longitudinal section of the talus (a), 20×, haematoxylin and
eosin stain. Note the regional defect of the articular cartilage and
subchondral bone with replacement by a mat of fibrin. The
exposed subchondral bone is composed of thickened trabeculae
with lacunae lacking osteocytes. The adjacent trabecular bone is
largely replaced by granulation tissue and many neutrophils.
Longitudinal section of the talus (b), 40×, haematoxylin and eosin
stain. Note that much of the trabecular bone is replaced by
large numbers of viable and degenerate neutrophils and early
granulation tissue. The remaining trabeculae have scalloped
edges lined by osteoclasts, contain reversal lines and display
Howship’s lacunae lacking osteocytes.
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structures to trauma in regions of the limb that lack substantial
soft tissue coverage, predisposing the animal to direct or
indirect bacterial contamination, and in this case resulting in
osteomyelitis (Clegg 2011). The authors suspect that direct
bone penetration may have occurred at the time of the injury,
probably with the limb in flexion exposing the trochlear ridge to
direct injury. More commonly in the long bones, direct trauma
leads to immediate bacterial contamination, secondary
cellulitis and potential sequestra formation. It is only where
involvement of the marrow cavity develops that true
osteomyelitis develops (Baxter 1996; Trotter 1996).

Traumatic lesions causing septic arthritis of the tibiotarsal
joint in the mature horse with concomitant local osteomyelitis
have been reported previously in relation to the calcaneus
(MacDonald et al. 1989), the sustentaculum tali (Tuelleners
and Reid 1981; Dik and Merken 1987; Dart and Hodgson 1996;
Hand et al. 2001) and distal dorsal aspect of the lateral
trochlear ridge (Wright 2005). Traumatic injury may also result in
septic arthritis without direct bone injury following primary and
secondary cellulitis (Adam and Southwood 2007). The
potential for prior osteochondral pathology on the medial
trochlear ridge (Simpson and Lumsden 2001) also exists;
however, its role in the establishment of osteomyelitis in this
case would remain speculative.

The degree of lameness demonstrated pre- and post
operatively was consistent with the diagnosis of severe septic
arthritis and the confirmed location and extent of the
osteomyelitic lesion. The high weightbearing load at this site
often results in severe persistent lameness in severe
osteochondral lesions (McIlwraith et al. 1991; Janicek et al.
2010), which was likely to be a significant factor in the
persistent severe lameness observed post operatively. Firm
curettage at surgery failed to access the subchondral bone
pathology; however, given the extensive gross and histological
findings it would have been impossible to debride the lesion
fully without creating a large ridge defect resulting in severe
post operative lameness, and creating potential joint
instability.

The history, clinical and diagnostic findings strongly
suggested a radiographic diagnosis of osteomyelitis. Other
radiographic differential diagnoses for bone lesions at this site
could include osteochondral lesions (McIlwraith et al. 1991;
Simpson and Lumsden 2001; Espinosa et al. 2013), subchondral
bone cysts (Montgomery and Juzwiak 2009) and fractures
(McIlwraith 2005).

The articular location of the lesion corresponded well with
the predicted radiographic findings, but significantly
underestimated the degree of subchondral bone involvement
evident on gross section and histologically (Figs 2 and 3). The
firm subchondral bone plate encountered during arthroscopy
prevented more aggressive curettage, and exposure of the
true extent of the defect. We would therefore recommend
further diagnostic imaging (computed tomography or
magnetic resonance) if economics allowed, to determine
lesion size and location fully, prior to surgical intervention.
Further imaging would also help predict if aggressive
debridement would be successful without creating irreversible
iatrogenic articular pathology, and the likely clinical effect if
the lesion involves an extensive amount of the weightbearing
surface, as was seen in this case immediately post operatively.

Antimicrobial selection in this case initially involved those
with a broad spectrum of activity and those where resistance
was thought to be less common. Local, regional and systemic

therapy was combined with concentration and time
dependent agents to maximise efficacy of action and limit
potential side effects. The use of imepenem-cilastatin in this
case is controversial given the recommendation for use
following either prior resistance and/or evidence of sensitivity;
however, given the lack of documented evidence of
resistance to organisms other than Pseudomonas aeruginosa,
Enterococcus fecium (Edwards and Turner 1995), Bacteroides
fragilis (Soki et al. 2002), some strains of methicillin-resistant
Staphylococcus aureus (Kahan et al. 1983), and Clostridium
difficile (Mouton et al. 2000) its use was seen to be justified.
Synovial fluid along with synovium was collected for culture
and sensitivity, however the costs to obtain the results were not
requested following euthanasia of the animal.

This case emphasises the severity of an osteomyelitic lesion
in the proximal medial trochlear ridge of the talus with
concurrent chronic septic arthritis in a mature horse. The
clinical progression of the case highlights the need for further
investigation and diagnostic imaging in cases of persistent
tarsal cellulitis to determine whether early bone pathology is
present.
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Summary
A 9-year-old Arab stallion was presented for haematuria
and a haemorrhagic mass on the urethral process of the
penis. Clinical examination and surgical excision suggested
a tumour of the penis, histologically confirmed as a
haemangiosarcoma. The stallion was successfully treated with
surgical excision; however, successful breeding has not been
achieved thus far (28 months). To the authors’ knowledge,
haemangiosarcoma of the equine penis has not previously
been described.

Introduction
Neoplasia of the equine external genitalia is second only in
incidence to skin neoplasia (Baker and Leyland 1975).
Previously reported neoplasms of the equine penis include
squamous cell carcinomas, papillomas, adenocarcinomas,
fibrosarcomas, basal cell carcinomas, and neurofibromas (van
den Top et al. 2008a). Haemangiosarcoma (HSA) is a
malignant neoplasm derived from endothelial cells (Lamerato-
Kozicki et al. 2006). Haemangiosarcomas usually carry a poor
prognosis for survival in horses (Southwood et al. 2000; Sansom
et al. 2006), dogs (Brown et al. 1985; Yamamoto et al. 2013)
and cats (Johannes et al. 2007; Culp et al. 2008, 2010). In this
paper, we describe a case of equine HSA localised to the
distal equine penis, and its surgical removal. We also discuss
HSA in the horse, the breeding implications of partial
phallectomies and options post operatively for stallions with
this condition.

Case history
A 9-year-old chestnut Arab stallion was referred for evaluation
and treatment of a suspected penile tumour. The stallion had
previously bred successfully producing live, healthy offspring. A
lesion at the urethral process was first noticed by the owner
approximately 6 months prior to referral. Haematuria had
been observed, although the stallion was otherwise clinically
normal. The horse was referred for further evaluation with a
view to surgical excision.

At presentation, the stallion was in good body condition
and weighed approximately 440 kg; all vital parameters were
normal. The stallion was sedated with acepromazine maleate
(A.C.P. 10)1 0.04 mg/kg bwt, xylazine hydrochloride (Ilium
Xylazil-100)2 0.2 mg/kg bwt and butorphanol tartrate (Ilium
Butorgesic)2 0.01 mg/kg bwt i.v. and the penis was examined.
There was a 40 × 10 mm, ulcerated, heterogenous mass
involving the urethral process of the penis and extending into
the fossa glandis. Due to the appearance of the mass, its
location and growth pattern and the case details of the horse,
a tentative diagnosis of penile neoplasia (likely squamous cell

carcinoma) was made. As the owner wished to preserve
breeding function, it was decided to attempt conservative
surgical excision under general anaesthesia.

The stallion was given procaine penicillin (Ilium Propercillin2;
17,000 iu/kg bwt) i.m., gentamicin sulfate (Gentamax 1003

6.6 mg/kg bwt) i.v., phenylbutazone (Butasyl4 8 mg/kg bwt) i.v.
and a tetanus toxoid i.m. (Equivac T)5. The horse was sedated
with 1.1 mg/kg bwt xylazine hydrochloride and general
anaesthesia was induced with ketamine hydrochloride (Ilium
Ketamil2; 2.2 mg/kg bwt) and diazepam (Pamlin6; 0.05 mg/kg
bwt) i.v. The horse was placed in dorsal recumbency on
halothane in oxygen in a semiclosed large animal circle
breathing system. The distal penis including the glans was
aseptically prepared with povidone-iodine and sterile saline.

A sterile tourniquet was applied to the penis for
haemostasis and traction. As the lesion’s proximal extent was
not identifiable on visual examination of the penis, excision of
the urethral process was performed (Stick 1979; Schumacher
2012; Fig 1a) in an attempt to preserve normal penile anatomy
for future breeding. Briefly, a sterile catheter was aseptically
placed into the urethra to the level of the bladder and the
bladder drained. The urethral process was stretched with tissue
forceps, and 2 small-gauge needles were placed through the
urethral process and the catheter at right angles to each
other, proximal to the diseased portion of the urethral process,
to anchor the urethral process to the catheter. Upon
transection of the urethral process, the now exposed corpus
spongiosum comprised black, firm tissue, consistent with
neoplastic tissue (Fig 1b). For this reason, and with prior
informed consent, a William’s partial phallectomy (Williams
1943; Schumacher 2012) was performed (Fig 2).

At the time of penile surgery, several incidental,
histopathologically-confirmed fibromas were also excised
from around the anus without complication. The horse
recovered uneventfully from surgery and was hospitalised for 3
days to monitor for complications, specifically surgery
site-associated haemorrhage.

Histopathological evaluation of the tumour revealed a
circumscribed, ulcerated, haemosiderotic and mineralised
vascular tumour, with a tendency to form small, blood-filled,
irregular vascular channels (Figs 3 and 4). These vascular
ridges of up to 5 mm in diameter were lined by plump
pleomorphic mesenchymal cells, suggesting a neoplasm of
endothelial origin; mitotic figures were frequently identified
and nuclear and nucleolar pleomorphism was apparent
(Fig 5). These changes are consistent with HSA (Southwood
et al. 2000). Clear margins were identified on all resected
margins. Immunohistochemistry against factor VIII-related
antigen/von Willebrand’s factor (rabbit polyclonal anti-
human von Willebrand factor A00827) showed positive staining
of neoplastic endothelia in tumour sections (Fig 6).
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The following day, the stallion was sedated (xylazine
hydrochloride 0.2 mg/kg bwt i.v. and acepromazine maleate
0.03 mg/kg bwt i.v.) and given furosemide (Ilium Frusemide2;
0.5 mg/kg bwt i.v.) to evaluate urination; no abnormality in
either posture or stream was observed. A small haematoma
was present at the urethral opening but no fresh bleeding was
observed. Procaine penicillin and oral phenylbutazone (Butin)8

treatment was continued for a further 4 and 9 days,
respectively. The stallion was discharged with instructions to
monitor the incision closely for swelling or haemorrhage, to
partially confine the horse to a large yard for 4 weeks and for
sexual rest until the following breeding season (approximately
8 weeks).

Long-term follow-up was obtained at 21 months. The horse
was clinically well, with no gross evidence of recurrence.
Natural breeding had been attempted but had failed, despite
the horse having previously bred successfully. The horse had
a normal libido and successfully achieved erection and
intromission; however, it was not able to ejaculate. We
postulated that this may have been due to lack of glans
stimulation (Crump and Crump 1989). Chemical stimulation
of ejaculation was performed at 24 months post operatively.
Initially, imipramine hydrochloride (Tofranil9; 2.2 mg/kg
bwt) was administered orally twice daily, followed by a

combination of imipramine at the above dose and 200 mg
xylazine hydrochloride i.v. Unfortunately, despite repeated
attempts, this resulted in emission of pre-ejaculatory fluid
only. Further follow-up at 28 months revealed a normal
appearing penile stump. Upon sedation with 100 mg xylazine
hydrochloride and 3 mg butorphanol tartrate i.v., the horse
emitted pre-ejaculatory fluid without ejaculation. The owner
intends to pursue further chemical ejaculation in the future.

Discussion
Neoplasia of the male horse external genitalia is second in
incidence only to that of the skin (Baker and Leyland 1975).
Preputial and penile tumours of horses are also more common
in horses than in other domestic animals (Theilen and
Madewell 1987). The most common neoplasm of the equine
penis is squamous cell carcinoma (Brinsko 1998; Valentine
2006; van den Top et al. 2008a). Other previously reported
neoplasms of the equine penis include melanomas (Brinsko

a)

b)

Fig 1: a) Irregular, dark red, haemorrhagic mass on urethral
process. b) Dark-red, abnormal appearance after amputation of
anchored urethral process.

Fig 2: Dark red, friable, haemorrhagic tissue invaginating into glans
penis.

Fig 3: Excised tissue demonstrates large, irregular, blood-filled
channels and lobules of neoplastic mesenchymal cells expanding
the cavernosum (arrow; haematoxylin and eosin staining; 20×
magnification).

305

© 2014 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / JUNE 2016



1998), papillomas, basal cell carcinomas, fibrosarcomas,
neurofibroma, adenocarcinomas (van den Top et al. 2008a),
lymphosarcoma (Markel et al. 1988) and fibropapilloma
(Gardiner et al. 2008). In one study of penile and preputial
squamous cell carcinomas (Howarth et al. 1991), the urethral
diverticulum, urethral process or urethra were involved in 27.6%
of cases while in another (van den Top et al. 2008a) 72% of
cases of penile and preputial neoplasia involved the glans
penis. In that paper, 50% of cases initially presented with a mass
or ulceration on the penis or prepuce.

Haemangiosarcoma is a malignant neoplasm of vascular
endothelial cells (Lamerato-Kozicki et al. 2006). To our
knowledge, HSA of the equine penis has not previously been
described. Haemangiosarcomas comprise 0.2–2% of all
equine neoplasms (Sundberg et al. 1977; Kennedy and Brown
1993; Valentine 2006; Scott and Miller 2011; Schaffer et al. 2013)

and have previously been reported as having a poor
prognosis (Southwood et al. 2000; Sansom et al. 2006). In
horses, an anecdotal predilection in Arabs for haemangiomas
has been suggested (Scott and Miller 2011) and one study of
HSAs in horses (Southwood et al. 2000) suggests an
overrepresentation of Thoroughbreds, although the numbers
are small. Disseminated and localised forms have been
described. In one study (Southwood et al. 2000), the most
common sites of disseminated HSA involved the lungs and
pleura, followed by skeletal muscle, spleen, heart, kidneys and
brain. That study involved mostly mature horses and no sex
predilection was identified. Localised forms include
involvement of the membrans nictitans (Sansom et al. 2006;
Wegge et al. 2009) and a cutaneous or limb form in young
horses (Baker and Leyland 1975; Hargis and McElwain 1984;
Johns et al. 2005). Rare reports of either remission after surgical
excision (Johns et al. 2005; Wegge et al. 2009) or even
spontaneous remission (Johns et al. 2005) exist, although these
have mostly been associated with the cutaneous form. One
paper reports remission after complete surgical excision of a
HSA involving the tarsal sheath (Van Pelt et al. 1972).

Several methods of partial phallectomy have been
described in the horse (Scott 1976; Riggs 1996; Schumacher
2012). William’s phallectomy was chosen in this case as it has
been associated with a lower risk of urethral stricture and urine
scalding (Williams 1943; Schumacher 2012). More extensive
lesions may require more invasive procedures, including
segmental posthectomy (‘reefing’; Peyton 1980; Schumacher
2012), en bloc resection with or without penile retroversion
(Markel et al. 1988; Schumacher 2012) and, more recently,
penile amputation and sheath ablation (Doles et al. 2001).
Previous studies of partial or complete phallectomies in penile
neoplastic disease (specifically squamous cell carcinomas)
have revealed a high rate of treatment failure (either
recurrence or incomplete removal; Mair et al. 2000; van den
Top et al. 2008b).

In stallions, these procedures are typically regarded as
salvage procedures incompatible with breeding. Therefore,
routine castration is recommended 3–4 weeks prior to planned
surgery to minimise complications associated with sexual

m

m

m

m

*

*

*

*

*

*

Fig 4: Neoplastic lobules comprised of small poorly formed
channels filled with blood and occasionally lined by hyaline fibrin
thrombi (*). Haemosiderin laden macrophages also present (m;
haematoxylin and eosin staining; 200× magnification).

Fig 5: Higher magnification of neoplastic tissue demonstrating
poorly formed and irregular vascular channels, mitotic figures
(arrowheads), and nuclear and nucleolar pleomorphism in
neoplastic endothelial cells (haematoxylin and eosin staining;
400× magnification).

Fig 6: Section of neoplastic tissue demonstrating positive
immunoreactivity (dark brown staining) of neoplastic endothelial
cells to factor VIII-related antigen (rabbit anti-human von
Willebrand’s factor, A0082)7; 200× magnification.
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excitation and erection; namely haemorrhage (Schumacher
2012). In this case, as the full extent of the lesion was unknown
prior to surgery and the owner was keen to maintain fertility, a
minimally aggressive technique (urethral process amputation)
was initially attempted. Upon the discovery of further
abnormal tissue, the decision was made to perform the
William’s partial phallectomy. Concurrent castration was not
performed to minimise surgical and anaesthesia time and
since the owner wanted to preserve the animal as a potential
breeding proposition. In our case, the stallion was hospitalised
for 3 days post operatively to monitor for potential post surgical
haemorrhage.

Ultrasonography may have been useful to delineate
further the extent of the lesion and hence alter the
preoperative plan and decision making. However, it may not
have changed the ultimate surgical procedure performed, or
the outcome. Furthermore, in HSAs in spleens of dogs,
ultrasonography has been shown to be insensitive for
differentiating between HSA and haematomas (Ivancić et al.
2009) and ultrasonography in cases of hepatic HSA in dogs has
been shown to be variable and not related to histological
diagnosis (Warren-Smith et al. 2012). Thus differentiation
between blood-filled sinus structures and HSAs is difficult, even
with contrast enhancement.

Extensive work has been performed on the epidemiology
of HSAs in other species, notably dogs. Haemangiosarcomas
comprise approximately 2% of all canine neoplasms (Brown
et al. 1985). Breed predisposition for HSAs is well characterised
in dogs. Specifically, Golden Retrievers, German Shepherds,
Maltese dogs and Miniature Dachshunds are over-
represented in case series of HSAs in dogs (Prymak et al. 1988;
Dobson 2013; Yamamoto et al. 2013). A dermal form of HSA is
seen in dogs, which has a predilection for light haired or
nonpigmented skin, particularly on the ventral abdomen;
ultraviolet light has been implicated in the aetiology of this
form of the disease (Ward et al. 1994). An aetiopathogenesis
for equine HSA has not been elucidated. In man, toxin
exposure has been implicated in the pathogenesis of
angiosarcomas (malignant tumours of blood- or lymph-
vessel origin; Mankey et al. 2010). In, particular, hepatic
angiosarcomas are linked with the manufacture of polyvinyl
chloride production in the 1970s (Maxie and Robinson 2007). In
addition, exposure to thorium dioxide and arsenicals is also
linked with angiosarcoma development (Maxie and Robinson
2007).

The differentiation between haemangioma and HSA is
extremely important in terms of prognosis. This is not always
easy on the basis of clinical appearance or histopathology
(Wegge et al. 2009). Our gross and histopathological findings
were consistent with the findings of Southwood et al. (2000). In
that study of 35 disseminated HSAs, friable, red to black
masses, containing multiple, variably sized and poorly
organised vascular channels that were lined with plump
spindle-shaped cells were consistently identified. Pale
cytoplasm with large, round to oval, hyperchromatic nuclei
and prominent nucleoli were similar to the histopathological
findings in this case, as was the common occurrence of mitotic
figures. In many cases, however, the use of
immunohistochemistry in the definitive diagnosis of HSA is often
necessary. Specifically, endothelial cell marker factor
VIII-related antigen has been shown to be a sensitive marker
for neoplasms of endothelial tissue in both human patients
(Sehested and Hou-Jensen 1981; Little et al. 1986) and dogs

(von Beust et al. 1988). Other markers of endothelial cells
(amongst others) include vimentin (Gamlem and Nordstoga
2008; Sabattini and Bettini 2009; one of the main components
of the mesoderm-derived endothelium) and von Willebrand
factor (Gamlem and Nordstoga 2008; Sabattini and Bettini
2009). In man, Ulex europaeus 1 lectin is used to differentiate
between HSA and lymphangiosarcomas (Little et al. 1986).
Immunohistochemistry in this case confirmed tumour cells of
endothelial origin, further supporting the diagnosis of HSA.

In this case, the stallion was unable to ejaculate after
surgery. We postulate that this may be due to inadequate
stimulation due to the lack of a glans penis (Crump and Crump
1989). Several methods of artificial semen collection are
available, namely electroejaculation, manual stimulation
(Crump and Crump 1989, 1994; McDonnell et al. 1991; Love
et al. 1992) and pharmacological ejaculation (McDonnell and
Love 1991; McDonnell and Odian 1994; Johnston and DeLuca
1998; McDonnell 2001). Electroejaculation in a standing awake
horse is not without risk, namely injury to itself and its handlers
(Card et al. 1997; Cary et al. 2004). Manual stimulation may
require additional stimulation of the glans penis in some horses
(Crump and Crump 1989). From this point of view,
pharmacological ejaculation may be more suitable for this
case. There are several methods of chemically inducing
ejaculation in the horse; most current protocols involve
the intravenous or oral use of imipramine (a tricyclic
antidepressant) followed by xylazine (Card et al. 1997;
Johnston and DeLuca 1998; McDonnell 2001; Feary et al.
2005). Pharmacological ejaculation has been used in clinical
cases unable to breed including a horse with a fractured
radius (Turner et al. 1995), an old debilitated stallion (Card
et al. 1997) and a stallion with paraphimosis after systemic
illness (Feary et al. 2005). Fresh, chilled and frozen semen
collected via pharmacological ejaculation has been used to
successfully impregnate mares (Card et al. 1997; Feary et al.
2005). Success rates (ejaculation of sperm-containing semen
or pregnancy) range from 33 to 80% (McDonnell and Odian
1994; Card et al. 1997; Johnston and DeLuca 1998; McDonnell
2001; Feary et al. 2005).

Conclusion
This case illustrates the surgical treatment of penile HSA in a
breeding stallion. The prognosis for solitary HSA localised to the
extremities appears to be better than in disseminated or
systemic tumours and partial phallectomy is a viable treatment
option for HSAs in this location. However, breeding soundness
was ultimately affected by partial phallectomy, and is an
important consideration in animals where natural breeding is a
requirement.
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Diagnosis and treatment of biaxial keratomas in the left fore foot of
a 15-year-old Clydesdale mare
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Summary
A 15-year-old Clydesdale mare presented for further
diagnostics and treatment of waxing and waning lameness
and recurrent subsolar abscesses. Radiographs and
computed tomography revealed biaxial masses extending
from the hoof capsule, causing bone resorption of the distal
phalanx. Surgery was performed to remove the masses and
post operative care included regional limb perfusions,
systemic antibiotics and therapeutic shoeing. Histopathology
was consistent with the diagnosis of keratoma for each of the
masses; this is the first case of confirmed biaxial keratomas.
Two months after surgery the horse is sound at the walk and is
expected to return to full function within the next year.

Introduction
While not common, keratomas are a well known cause of
lameness in horses. Keratomas are defined as hyperplastic
proliferations of the stratum germinativum of the coronary
band or surrounding tissues (Reeves et al. 1989). Keratomas
most commonly affect the toe, although the quarters, heel
and sole may be affected (Lloyd et al. 1988). No definitive
inciting cause is known, but it has been hypothesised that
keratomas are the result of chronic irritation or trauma resulting
in proliferation of germinal cells (Lloyd et al. 1988; Reeves et al.
1989).

Clinically, signs are dependent on the location of the
keratoma. Often the first clinical sign to develop is a mild to
moderate lameness that is usually insidious (Lloyd et al. 1988).
The lameness is due to pressure exerted by the mass on the
sensitive lamina and surrounding soft tissues, as well as the
distal phalanx. (Honnas et al. 1994). If the keratoma expands
proximally, deviations of the coronary band or hoof wall can
be seen (Hamir et al. 1992). Subsolar abscesses are commonly
associated with keratomas; therefore, radiographs are
recommended if a horse presents with chronic subsolar
abscesses (Honnas 1997).

The most commonly used diagnostic technique is
radiography. Radiographic examination generally reveals a
smoothly marginated, radiolucent defect in the solar margin of
the distal phalanx or, in rare cases, the middle phalanx, due to
pressure resorption (Redding and Grady 2012). Because
keratomas are a proliferation of keratinocytes and
accumulation of keratin they are radiographically indistinct
from the hoof wall and surrounding soft tissue (Getman et al.
2011). Other important differential diagnoses include focal
osteomyelitis (septic or nonseptic), osseous cyst-like lesions,
and benign or malignant neoplasms (Helms et al. 1994).
Because differentiation is difficult with radiographs alone,
more advanced imaging is often indicated.

Ultrasound can be a useful tool to diagnose a keratoma in
select cases where the defect extends proximally above the
coronary band (Honnas 1997). They will appear as a
hypoechoic, well marginated, soft tissue mass; however,
ultrasound can not differentiate keratomas from neoplasms
(Seahorn et al. 1992).

Studies have been performed evaluating the usefulness of
both computed tomography (CT) and magnetic resonance
imaging (MRI) (Getman et al. 2011; Mair and Linnenkohl 2012).
Magnetic resonance imaging is often used because it is more
readily available compared to CT, but it has been shown that
CT is more sensitive at detecting boundaries of keratomas. On
CT, keratomas are visible as a mass of similar radiopacity to the
hoof wall extending from the hoof wall (Getman et al. 2011).
However, MRI lacks the ability to identify the attachment of the
keratoma to the hoof wall because the hoof capsule has
inadequate water content (Getman et al. 2011). Magnetic
resonance imaging will show an area of hypointense (T1
weighted images) or heterogenous material with intermediate
intensity (T2 weighted images) (Mair and Linnenkohl 2012).
Regardless of the modality that is available, both CT and MRI
can be helpful in surgical planning as they allow better
triangulation of the keratoma and thus smaller hoof wall
resections which results in reduced morbidity (Getman et al.
2011).

There are numerous ways to tentatively diagnose a
keratoma, but the only curative treatment option is surgical
removal. Most commonly, partial or complete hoof wall
resection is performed either standing or under general
anaesthesia (Boys Smith et al. 2006; Honnas 2011; Gasiorowski
et al. 2011). Partial hoof wall resection is the preferred method
of removal as a distal bridge of hoof wall is maintained, which
better preserves the intrinsic stability of the hoof (Boys Smith
et al. 2006). In the short term, a significant decrease in post
operative complications has been shown when a partial hoof
wall resection was performed compared to a complete hoof
wall resection (Boys Smith et al. 2006). Long term, no difference
in overall return to soundness has been proven, but decreased
time to soundness has been demonstrated when a partial
hoof wall resection was performed (Boys Smith et al. 2006).
Complications of keratoma removal include excess
granulation tissue and recurrence of the keratoma, both of
which are treated by removal (Boys Smith et al. 2006).

Post operative care consists of nonsteroidal
anti-inflammatories, antibiotics, antimicrobial dressing, and
stabilisation of the hoof capsule (Wagner et al. 1986; Lloyd
et al. 1988; Boys Smith et al. 2006; Getman et al. 2011).
Regional limb perfusions with 2–2.5 g amikacin have been
utilised in more recent years, during surgery and post
operatively for 3–4 days, both of which are seemingly
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beneficial (Getman et al. 2011). Until keratinisation of the
debrided area occurs (at least 3–4 weeks post operatively) it is
common to pack gauze soaked in povidone iodine,
gentamicin sulfate or metronidazole in the defect to prevent
microbial growth (Helms et al. 1994; Honnas 1997). A normal
shoe with clips, bar shoe or rim shoe can provide support and
are often used in conjunction with a treatment plate
(Pickersgill 2000; O’Grady and Horne 2001). If a substantial
amount of hoof wall was removed, hoof casts can be used to
better improve stability (Lloyd et al. 1988). Once the defect is
fully keratinised, polymethylmethacrylate (PMMA) can be
used to fill in the area and provide better stability for the hoof
wall (Boys Smith et al. 2006).

After surgical removal, histopathology is highly
recommended to confirm the mass is a keratoma. Standard
staining with haematoxylin and eosin may be diagnostic, but
samples can also be stained for collagen (Masson’s trichrome)
or keratin (Ayoub-Shklar) (Hamir et al. 1992). Keratomas are
characterised by compact, lamellated keratin with
orthokeratotic keratinocytes and squamous epithelium
(Honnas 1997). Inflammatory cells are not a characteristic of
keratomas, but are often present because of the associated
inflammation or solar abscesses (Honnas 1997). There has been
one case reported in which it was thought that a keratoma
underwent malignant transformation to a squamous cell
carcinoma (Berry et al. 1991).

After keratoma removal it can take 6–8 months for the hoof
wall to regrow completely, but prognosis for long-term return
to function is good (Boys Smith et al. 2006). The time to return to
function ranges from 6 to 36 months (Boys Smith et al. 2006).

Case history
A 15-year-old Clydesdale mare presented for chronic
lameness of the left fore and a 16-month history of recurrent
subsolar abscesses. The mare was obtained 16 months prior at
a sale and no medical history was known. At the time of
acquisition she was lame in the left fore (grade 4/5 on AAEP
1–5 scale) and there was an abscess draining from the medial
quarter. Subsolar abscesses continued to be intermittent over
the next 16 months; both the lateral and medial quarters were
debrided to provide drainage from the solar surface. Two
months prior to presentation, the referring veterinarian
obtained a 60° dorsoproximal-palmarodistal radiograph of the
left fore hoof and radiolucent areas were noted in the medial
and lateral margins of the distal phalanx. The radiograph
showed no evidence of cyst formation or osteomyelitis.

Clinical findings
On presentation, the mare was bright, alert and responsive,
and grade 2/5 lame (AAEP 1–5 scale) in the left forelimb on
hard ground. A significant portion of the sole had been
removed by the referring veterinarian in both the medial and
lateral quarters of the hoof. No heat or swelling was noted
around the coronary band or hoof. Slight bulges of the hoof
wall were noted medially and laterally, both of which were
raised approximately 0.5 cm and were round with a diameter
of 2 cm (lateral) and 1.5 cm (medial). Differential diagnoses
included any form of space occupying lesion such as a
keratoma, squamous cell carcinoma, granuloma or
melanoma.

Diagnostics
Radiographs were taken to assess if there had been any
progression since the initial radiograph had been taken one
month prior. Lateromedial, dorsoproximal-palmarodistal, 60°
dorsoproximal-palmarodistal, oblique 60° dorsoproximal-
palmarodistal and 90° dorsoproximal-palmarodistal
radiographs of the left fore, and lateromedial and
dorsoproximal-palmarodistal views of the right fore hoof were
obtained. Large, smoothly demarcated defects in the distal
phalanx were noted in the left fore hoof (Fig 1). Radiographs
also incidentally revealed mild to moderate osteoarthritis of
the left and right distal interphalangeal joints with
enthesiophyte formation on both joint capsules.

Because of the history and radiographs, CT followed by
surgical removal was elected. Preoperative complete blood
count and chemistry panel showed no significant
abnormalities. Phenylbutazone (4.4 mg/kg bwt i.v.),
gentamicin sulfate (6.6 mg/kg bwt i.v.), and cefazolin
(11 mg/kg bwt i.v.) were administered preoperatively. One
gram of amikacin diluted in sterile saline to a volume of
approximately 60 ml was administered as an intravenous
regional limb perfusion in the left cephalic vein using a
21 gauge butterfly catheter.

The horse was premedicated with xylazine (1.2 mg/kg bwt
i.v.), followed by anaesthetic induction with diazepam
(0.1 mg/kg bwt i.v.) and ketamine (2.2 mg/kg bwt i.v.). After
intubation, the horse was maintained on sevoflurane and
oxygen using a semi-closed circle system. While anaesthetised,
the horse received fluid therapy (Plasmalyte-A)1 at 10 ml/kg
bwt/h.

Once anaesthetised, CT was performed and 1 mm
transverse images in a bone algorithm and 2 mm transverse
images in a standard algorithm were obtained (Figs 2 and 3).
At the distal medial and lateral aspects of the distal phalanx of
the left forelimb, 2 focal regions of soft tissue thickening in the
region of the insensitive lamina were noted. On each side, the

Medial Lateral

Fig 1: 60° dorsoproximal-palmarodistal radiograph of the left fore
hoof. Note the radiolucent defects in the medial and lateral aspect
of the distal phalanx (circled in white). Also note the areas of
radiolucency in the hoof wall (arrow) where the referring
veterinarian had removed wall in attempt to allow for drainage of
the recurrent subsolar abscesses.
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thickening extended axially toward the distal phalanx in which
there was smoothly marginated bone loss. Just proximal, there
was a moderate amount of periosteal bone formation with
irregular margins of the distal phalanx at both the medial and
lateral quarters. At the lateral aspect of the distal phalanx,
there was a focal osseous structure that measured 1 cm in
length surrounded by a rim of hypoattentuating material. Gas
was present on both sides with a larger amount on the lateral
aspect, which extended proximally to the level of the coronary
band. Vascular channels of the distal phalanx were enlarged.
There was a moderate amount of enthesiophyte formation of
the distal interphalangeal joint at the site of the joint capsule
attachments.

All of these findings were highly suggestive of medial and
lateral keratomas of the left front foot with secondary pressure
induced resorption and reactive periostitis of the distal
phalanx. Chronic infection was likely, and there was possible
sequestrum formation at the lateral solar margin of the distal
phalanx. Distal interphalangeal joint osteoarthitis was also
evident.

Treatment
After CT images were obtained, the horse was moved into the
surgery suite and placed in dorsal recumbency. The medial
and lateral palmar nerves of the left forelimb were desensitised
with 6 ml of carbocaine per side at the level of the proximal
sesamoid bones. The area distal to the fetlock was then
clipped and surgically prepped with chlorhexidine and saline.
A Latex Esmark Bandage2 tourniquet was applied starting at
the coronary band and extended proximally, a pneumatic
tourniquet was then inflated to 250 mmHg over the distal third
metacarpal bone and the Esmark bandage was removed.
The area proximal to the mid-pastern was draped prior to
surgery.

The lateral aspect of the hoof was resected first using an
oscillating saw to create a window in the lateral aspect of the
wall, approximately 5 × 7 cm. An osteotome was used to
remove the overlying hoof wall and expose the abnormal
mass of tissue. The mass was more invasive than expected;
therefore the partial hoof wall resection was converted into a
complete hoof wall resection including the remainder of the
hoof wall distally as well as proximally. A hoof knife and
periosteal elevator were utilised to remove the irregular tissue
that extended into the distal phalanx. The tissue was poorly
encapsulated, light tan/brown in colour and surrounded by
necrotic tissue. The same procedure was completed to
remove the mass on the medial aspect of the hoof (Fig 4).

After mass removal was complete, the abnormal tissue as
well as a section of hoof wall was placed in formalin and
submitted for histopathology. Antimicrobial-impregnated
gauze was soaked in betadine solution and saline and packed
into both hoof wall defects. A fibreglass hoof cast was then
applied after which the horse was moved into a recovery stall
and recovered from anaesthesia without incident.

Histopathology
The tissue removed during surgery was histologically consistent
with keratomas and secondary bacterial infection. Sections
consisted of parakeratotic hyperkeratosis of the squamous

Fig 2: Transverse computed tomography image in standard
algorithm of the left forelimb at the level of the distal phalanx. It is
noticeable that the hoof wall opacity extends into the soft tissue
surrounding the distal phalanx. There is significant loss of bone on
both the medial and lateral aspects of the distal phalanx (circled in
white).

Fig 3: Three-dimensional computed tomography reconstruction of
the distal phalanx of the left forelimb, note the substantial bone loss
of the medial and lateral solar margin.

Fig 4: Final appearance of the hoof after both masses were
removed. Note the extremely thickened hoof wall adjacent to the
sections that were removed (white arrows pointing to the medial
hoof wall defect).
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epithelium. Squamous epithelial cells were well-differentiated
with distinct cell margins and uniform cellular size separated by
abundant keratin (Fig 5). Multiple sections examined consisted
of an eosinophilic coagulum of necrotic squamous epithelium,
karyorrhectic necrotic debris, fibring, numerous degenerate
and nondegenerate neutrophils, and bacterial colonies.

Aftercare and outcome
Post operatively, the horse received phenylbutazone (Bute
Boluses; 2.2 mg/kg bwt)3 orally twice daily for 5 days, followed
by once daily administration for another 5 days. Oral
doxycycline (10 mg/kg bwt) was also administered twice daily
for 14 days post operatively. Two additional regional limb
perfusions were performed at 24 and 72 h post operatively,
again with 1 g amikacin diluted in sterile saline to a total
volume of 60 ml administered with a 21 gauge butterfly
catheter in the left cephalic vein. The hoof cast was removed
5 days post operatively, and the antimicrobial impregnated
gauze soaked in betadine solution and saline was replaced
with a foot bandage. The bandage was changed every 2–3
days for one week, at which time a rim shoe with treatment
plate was set. A light bandage was placed, and again
changed every 2–3 days, with betadine soaked gauze
packed into the hoof wall defects as well as between the sole
and treatment plate.

The horse was discharged with instructions to change the
packing under the treatment plate every 2–3 days for 6 weeks.
Two months after surgery there was an increased amount of
granulation tissue in the lateral defect, which was treated with
sharp debridement. The tissue was again submitted for
histopathology, and was consistent with granulation formation
and not keratoma recurrence. Currently, the horse is sound at
the walk and no other complications have been encountered
(Fig 6).

Discussion
This is the first published case of biaxial keratoma removal.
There is one report detailing a 19-year-old Arabian gelding
with 3 suspect keratomas in the lateral quarter of the left hind
hoof (Christman 2008). Unfortunately, after surgical removal,
histopathology was not performed to confirm the diagnosis of
multiple keratomas.

In the described case, all of the radiographs taken by the
referring veterinarian and on presentation were supportive of
biaxial keratomas. The areas surrounding the lucencies in the
distal phalanx were smoothly marginated, nonsclerotic, and
did not appear interosseous. These findings suggested that the
change was aseptic and the defects were a result of
pressure-induced resorption from a mass. However, other
differentials could not be ruled out, such as squamous cell
carcinoma, fibroma, melanoma and granulomatous
inflammation.

Because of the clinical suspicion of biaxial keratomas, CT
was performed to better assess the mass and identify lesion
boundaries. The CT scan was successfully obtained but,
unfortunately, catheterisation of the medial palmar artery
for administration of iodinated contrast medium was
unsuccessful. While the use of contrast medium during CT has
not been previously documented for diagnosis of keratomas, it
could be used to improve detection of the soft tissue structures
surrounding the keratoma to aid in surgical planning (Puchalski
et al. 2007).

A previously unidentified sequestrum was visualised at the
lateral solar margin of the distal phalanx. During surgery the
suspected sequestrum was not addressed due to the large
amount of hoof wall that needed to be removed to exfoliate
the masses fully. In the future, if lameness or drainage persists,
imaging (CT or radiography) could be performed again to see
if there are changes that warrant removal.

During surgery, it was apparent that the soft tissue changes
were more extensive than identified previously. The masses
appeared discrete and focal on CT, but on visual examination
they were invasive and poorly encapsulated. The extensive
changes were most likely to be due to the chronicity in this
case, which resulted in significant inflammation and necrosis
that is not normally seen with keratomas. Due to the
combination of extensive necrotic tissue and atypical
appearance of the masses, squamous cell carcinoma was
considered as a possible differential along with biaxial
keratomas.

100 μm

Fig 5: Hoof wall mass histopathology (haematoxylin and eosin.)
Redundant keratinocytes in sheets with multifocal accumulations
of keratin (white arrows).

Fig 6: Medial hoof wall defect 2 months post operatively. The area
is granulating in well and a glue-on rim shoe (white arrow) is still in
place without the treatment plate.
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Histopathology is always recommended, but was critical in
this case as a diagnosis of squamous cell carcinoma carries a
much different long-term prognosis. Recurrence occurs at a
much higher rate when compared with keratomas as they are
locally invasive and much harder to excise completely (Berry
et al. 1991). Both keratomas and squamous cell carcinomas of
the hoof originate from laminar epithelium. Histopathological
characteristics of squamous cell carcinomas include a lack
of organisation and invasion of the laminar corium (Berry
et al. 1991). Keratomas are characterised by redundant
keratinocytes, which were present in both masses.

Excess granulation tissue formation was not unexpected in
this case as a large amount of tissue needed to be removed at
the time of surgery. Sharp debridement has been used to
control the exuberant granulation tissue production and will
be repeated as needed. The horse is currently sound and
expected to return to full function within one year.
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Clinical Commentary

The management of multiple keratoma lesions in an equine foot
T. Greet*

Rossdales Equine Hospital, Newmarket, Suffolk, UK.
*Corresponding author email: tim.greet@rossdales.com

This edition of EVE contains a paper on a biaxial keratoma
removed from the left forefoot of a 15-year-old Clydesdale
mare (Rowland et al. 2016). The horse had suffered recurrent

subsolar abscesses and been variably lame over a period of
16 months. A full clinical examination was allied to
radiography and 2 areas of radiolucency identified in the
distal phalanx. It was decided to image the affected hood
by computed tomography and then excise the lesions. The
findings were characteristic of biaxial keratomas which were
removed under the same general anaesthetic.

This is the first publication in which multiple keratoma
lesions have been confirmed histologically in a single foot.
However, multiple lesions may be less rare than a search of
the literature would indicate.

Although the aetiology of keratoma is uncertain, it is
generally believed that such space-occupying lesions
develop in the laminar junction as a consequence of some
inflammatory irritation. Two basic forms are recognised;
spherical (Fig 1) and cylindrical (Fig 2). Both types may occur
in the same foot. It is not uncommon to find small spherical
keratomata underlying a cylindrical keratoma once it has
been removed (Fig 3).

Fig 4: Deviation of the white line because of the space occuying
lesions (2 visible here).

Fig 1: A typical cylindrical keratoma after removal (these usually
extend to the coronary band and must be removed in total to
avoid recurrence).

Fig 2: A typical encapsulated spherical keratoma (boundaries of
these lesions are much more easily defined).

Fig 3: A small spherical keratoma found after removal of a cylindrical
keratoma (sometimes theremay be several of these lesions).
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Fig 5: A more unusual lamellar appearance of this spherical
keratoma near the medial quarter of the sole of the foot.

Fig 6: A dorsoplantar radigraphic image of the distal phalanx
illustrating 3 large well circumscribed circular lesions, typical of
spherical keratomata.

Fig 8: The dorsal visor in place kept the foot pack under some
pressure to limit the development of exuberant granulation tissue.

Fig 7: The foot after surgery when the hospital plate was first
applied (note the acrylic applied to the hoof wall).

Fig 9: The foot 3 months post operatively.

Fig 10: The foot after complete healing 7 months post operatively.
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Much more unusual are cases with more than one large
keratoma in a single hoof capsule. However, whilst such
cases might appear daunting to tackle, as the paper by
Rowland et al. (2016) in this issue describes they can be
managed quite successfully, provided certain basic principles
are followed.

To illustrate this, a 7-year-old pony with a persistent
lameness of a left hindlimb and recurrent subsolar sepsis was
referred to Rossdales Equine Hospital for investigation and
treatment. Paring the solar surface of the foot revealed
several circular structures which had caused plantar
deviation of the white line (Figs 4 and 5). A dorsoplantar
radiographic image demonstrated 3 circular radiolucent

areas occupying a significant proportion of the distal phalanx
(Fig 6). These lesions appeared characteristic of spherical
keratomata.

Under a general anaesthetic, the lesions were
approached and removed completely leaving an extensive
dorsal and solar defect of the foot. Post operative
haemorrhage was controlled effectively by pressure
bandaging. Although there was considerable tissue loss
(Fig 7) a hospital plate with a dorsal visor (Fig 8) kept iodine
packing of the foot under some pressure until keratinised
tissue formed. The plate was bolted to an egg bar shoe and
attachment of both the shoe and visor was facilitated by use
of acrylic hoof material to support lateral and medial aspects
of the remaining hoof capsule.

The healing process was gradual (Fig 9) but complete
some 7 months after surgery (Figs 10 and 11). The pony went
on to make an unremarkable recovery and return to ridden
use without lameness.

This unusual case confirms that radical surgical excision of
multiple keratomata can be effective, with a reasonable
chance of a return to athletic soundness, albeit that the pony
was used only for pleasure riding. A post operative
radiographic image confirmed the extent of tissue loss after
surgery (Fig 12). Unfortunately, no long-term post operative
radiographic image was obtained to indicate how much if
any regrowth of new bone had occurred in the distal
phalanx. However, in other cases which have been followed
up radiographically, there appears to be little evidence of
osseous healing of the defect (Fig 13).
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Fig 11: The solar surface of the hoof 7 months post operatively (note
the apparent change in colour of the sole at the site of surgery).

Fig 12: The radiological appearance of the foot immediately
after surgery showing extensive loss of distal phalangeal structure.

Fig 13: Dorsoplantar radiographic image of a distal phalanx
many years after successful removal of a keratoma.
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Clinical Commentary

Equine keratoma
T. Turner*

Anoka Equine Veterinary Services, Elk River, Minnesota, USA.
*Corresponding author email: turner@anokaequine.com

Keratoma is an uncommon tumour of the keratin producing
epidermal cells of the inner hoof wall (Hamir et al. 1990). It is
a benign, keratin-containing soft tissue mass that develops
between the hoof wall and distal phalanx. Keratomas are
thought to originate from the epidermal horn-producing cells
of either the coronary or solar corium, although these lesions
have not been extensively studied histologically. They have
been described as having an outer epidermal layer and a
core of dense, laminated keratin, with no evidence of
inflammatory infiltrate. The name keratoma implies a
neoplastic growth; however, this is not an appropriate name
because the lesion is actually hyperplasia or abnormal
regeneration of the superficial keratin not neoplasia (Hamir
et al. 1990). However, the name is so well used in the
veterinary literature it is not likely to be changed.

Keratomas develop from proliferation of cornified tissue
on the inside of the hoof wall and commonly originate near
the coronary band but can extend to the solar surface of the
foot. They may appear attached to the inner aspect of the
cornified wall or as a ‘pearl’ of cornified tissue between the
hoof wall and third phalanx. Although they are most
commonly seen in the toe region, keratomas may occur in
the quarter, heel or sole region. They have also been located
above the coronet, making the tumour outside the hoof
capsule. As a result, keratomas can change the shape of the
coronary band (i.e. create a bulge) in the affected area
and, in more advanced cases, in the overlying hoof wall. In
keratomas that extend down to the bearing surface of the
hoof wall, thoroughly cleaning the sole may demonstrate an
island of horn 1–2 cm in diameter in the white line and
deviation of the white line at that location toward the centre
of the foot. The cause is unknown but can be associated with
chronic irritation, infection or trauma to the hoof (Hamir et al.
1990).

Clinical signs usually consist of slowly progressive lameness
caused by the underlying tissue mass impinging on the
sensitive laminae (Lloyd et al. 1998; Honnas et al. 2003).
Lameness may also be caused by disruption of normal hoof
growth, allowing secondary bacterial invasion in the area
and subsequent recurrent hoof abscessation. A painful
response to hoof tester application or percussion can usually
be elicited from the hoof wall overlying the keratoma. The
lameness can be mild to moderate, depending on the
degree of impingement on the sensitive dermal tissue. Severe
lameness may be caused by disruption of normal hoof
architecture, with subsequent abscess formation. If there is a
history of recurrent abscesses localised to the same area, a
keratoma should be suspected. The lameness may become
progressively worse as the keratoma grows in size, increasing
pressure on the sensitive lamellae.

Diagnostic peripheral anaesthesia should be used to
confirm that the foot is the source of lameness. A palmar
digital nerve anaesthesia may improve the lameness
depending on the location of the tumour, but total

desensitisation of the foot is needed to resolve the lameness
for a lesion at the toe. A dorso 60° proximal to distal palmar
and lateral to medial radiographic projection of the distal
phalanx may reveal a semicircular bony defect in the margin
of the bone, usually located at the toe or quarter region of
the foot (Boys Smith et al. 2006). This bony defect usually has
a smooth contour and minimal sclerosis, which helps
differentiate it from osteomyelitis of the distal phalanx. The
bony defect occurs secondary to pressure-induced bone
resorption from the overlying keratoma. This radiographic
finding is suggestive of a keratoma; however, other
neoplasms of the hoof, such as melanomas or infectious
disease such as canker, may cause similar radiographic
lesions. A keratoma can still be present in the absence of
radiographic abnormalities. In a previous report, 3 of 7 horses
with keratomas had no radiographic abnormalities. If the
keratoma is located near the coronary band or if a coronary
band defect is visible, ultrasonography may reveal a focal,
hypoechoic, soft tissue mass (Seahorn et al. 1992). If a
keratoma is suspected, but there are no supporting
radiographic findings, nuclear scintigraphy may be helpful as
active bone remodelling will be apparent as increased
radionuclide uptake.

Computed tomography and MRI have been used to
identify the exact location of the mass and have proved
helpful in guiding the surgical approach (Getman et al.
2011). Keratomas can readily be imaged by CT. A keratoma
will appear as a mass originating from the hoof wall, with a
radiopacity similar to hoof wall and protruding into
underlying distal phalanx. Magnetic resonance images
showed the mass to be similar to keratinised hoof wall, but
because hoof wall has inadequate water content, it is not
evident on MR images. Keratomas appear as hypointense
signal void or as a heterogenous intermediate mass
protruding into the distal phalanx. In this author’s opinion, CT
and MR are excellent methods to show the pathology and
would be invaluable in teaching the pathology of
keratomas. However, practically, the cost benefit ratio does
not justify the use of CT or MR in all cases. Adequate
information can usually be derived from radiographs to plan
and carry out therapy.

Treatment requires surgical removal of the mass from the
hoof wall and corium (Honnas et al. 2003). This can be
performed in either the sedated horse or under general
anaesthesia depending on the surgeon’s preference and the
health and disposition of the horse. Prior to surgery, a
tourniquet should be applied. Any surgical technique involves
resection of the hoof wall overlying the keratoma. This can be
accomplished using a motorised burr, cast-cutting saw, hoof
nippers or a trephine. During surgery, decisions must be made
whether to completely resect the hoof wall from the coronary
band to ground or perform a gradual resection to expose the
keratoma. The former gives the surgeon better visualisation
and makes it easier to completely remove the tumour while
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the latter disrupts the hoof wall less and makes post operative
care easier. It is important no matter the technique to avoid
disruption of the coronary band. Once the keratoma is
exposed, all abnormal soft tissue and underlying disrupted
bone is removed by curettage, the defect packed and the
foot wrapped.

It is important in the post operative phase to make sure
the hoof capsule is stable (Redding and O’Grady 2012). This
is not only important from a healing standpoint but for pain
control. An unstable hoof is much more painful. In the case
of a complete hoof wall resection, the foot must be stabilised
with clips on either side of the defect until the hoof wall has
grown out and a small plate is often necessary to stabilise the
hoof wall near the coronary band until sufficient new wall
grows to stabilise the proximal portion of the defect. Although
full wall resection allows the greatest amount of exposure, the
subsequent amount of hoof destabilisation and long-term
convalescence are undesirable.

A foot bandage is applied to the surgical site after
surgery (Honnas et al. 2003) which is changed as needed
due to haemorrhage, exudation and cleanliness, usually at 1–
3 day intervals. Bandaging continues until the resected
defect in the hoof wall has cornified. After granulation tissue
has covered the exposed bone, astringents may be applied
to dry the tissue and enhance cornification. Anti-inflammatory
drugs are administered as needed in the post operative
period for pain control. Antibiotics are generally unnecessary
because infection does not typically accompany the
keratoma. However, this decision should be made at surgery
based on the amount of tissue necrosis and damage caused
by the tumour.

Keratomas heal by granulation, keratinisation and hoof
wall replacement. This will take 6 months to a year in most

cases (Honnas et al. 2003). The tumours rarely recur and
prognosis is generally very good.
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Various aspects of barefoot methodology relevant to farriery in
equine veterinary practice
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Summary
The structures of the equine foot have the unique ability to
adapt, change shape and restore. There are multiple benefits
in shod vs. barefoot or in allowing the horse to be without
shoes for a given time period to improve the palmar section
of the foot. However, it requires a transition period, a change
in the manner in which the foot is trimmed, a commitment
from the owner/trainer and, in the case of leaving the horse
without shoes permanently, it depends whether the horse can
perform the desired function without shoes.

Introduction

The equine foot with healthy structures is superior in its
natural or barefoot state as opposed to the shod state with
regards to accepting the weight of the horse, shock
absorption and dissipating the energy of impact (Davies
2007). Furthermore, the structures of the foot have an
inherent ability to change and improve over time by the
process of adaptation (Davies 2007). Shoes are applied to
the horse’s foot for a number of reasons: protection when
wear on the ground surface of the foot exceeds growth at
the coronet; maintaining or enhancing functionality such as
traction; and as a therapeutic aid to improve the structures
of the foot and treat lameness. The use of traditional farriery
or the application of a shoe with regards to the elite athlete
or competition horse is necessary but recently much of the
approach to traditional hoof care by veterinarians and
farriers has been challenged by barefoot proponents (Balch
et al. 2003; Balch 2007). This is not to infer that traditional
farriery is not performed and continues to be performed in a
proper physiological manner with minimal damage to the
horse’s foot (O’Grady and Poupard 2003; O’Grady 2008,
2009). However there are some aspects of the barefoot
methodology that could be applied to traditional farriery
and may warrant consideration. There are less rigorous
competitive disciplines or athletic endeavours and pleasure
horses that may permit a horse to perform and remain sound
without shoes if an appropriate adaptation period is
allowed. The author has been successful in improving the
structures of the hoof capsule in the palmar section of the
foot in a growing number of horses by leaving the horse
barefoot for a period of time. Finally, if a horse is being
rehabilitated due to disease or injury, it appears prudent to
remove the shoes during this period of recuperation as the
health, structures and conformation of the foot are likely to
improve. A successful outcome with the situations outlined
above appears to require a different approach to trimming
the foot.

The effect of applying a horseshoe
There is little doubt that applying a horseshoe to a horse’s
foot will not change the density and the functionality of the
hoof structures. A brief look at the effects of applying a shoe
may highlight the potential benefits of being left barefoot or
left barefoot for a brief time. In actuality, the horseshoe is not
an extension of the horse’s foot. Placing a horseshoe with
different properties than the hoof capsule between the hoof
and the ground replaces a single interface with 2 interfaces
(Fig 1) (Parks 2011; Eliashar 2012). This change in interface will
invariably have consequences on foot function. This interface
alters the concussion-dampening effect on the lower limb,
which results in an increase of impact intensity on the hoof
(Benoit et al. 1993; Roepstorff et al. 1999). Placing a shoe
elevates the hoof off the ground surface by loading the hoof
wall; this elevation results in less heel expansion compared
with the unshod foot (Roepstorff et al. 2001). Glued
aluminium shoes restrict heel movement even further and
potentially interfere with shock absorption (Yoshihara et al.
2010). The process of hoof growth and wear will often allow
the barefoot horse to maintain the shape of its feet as friction
and thus wear occurs between the ground and the entire
solar surface of the foot. When a horse is shod, friction occurs
between the expanding heel of the hoof capsule and the
shoe which induces greater wear at the heel compared with

Fig 1: Red arrow shows the first interface between the hoof and
the shoe. The blue arrow shows the second interface between the
shoe and the ground.
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wear at the toe which, over time, will change the
conformation of the foot (Fig 2) (Moleman et al. 2006).

Method

The trim
The trim applied to a foot that is to be barefoot should be
different from the trim applied to a foot prior to being shod.
In the author’s farriery practice, the difference in the trim is
described as ‘when the horse is to be shod, the foot is
trimmed; when the horse is to be left barefoot, the foot is
shaped’. The biggest difference is that the horny sole is left
intact and the hoof wall is left 3–5 mm longer for as much
protection as possible (O’Grady 2011; Castelijns 2012). The
solar surface of the foot is initially brushed briskly with a wire
brush. The hoof knife is generally not used in the barefoot trim
or shaping other than to remove any extraneous, exfoliating
horny tissue from the frog. If there is excessive hoof wall to be
removed, hoof nippers will be used but not in the usual

fashion of cutting horn on the same horizontal plane as the
sole. Instead, the nippers are placed in a semivertical position
at an angle of approximately 45° and the cut is started on
the outer side of the sole wall junction (white line) (Fig 3). The
goal is to bevel the bearing surface of the hoof wall. A rasp is
used to trim the heels of the hoof capsule in a horizontal
direction across the frog just to the point where the heels are
on the same plane as the frog, which makes the palmar
section of the foot ‘load sharing’. This will generally place the
heels on the solar surface of the hoof capsule at the widest
part of the frog. Starting at the heel quarter, the rasp is also
used in a vertical direction at a 45° angle around the
circumference of the foot staying on the outer side of the
sole-wall junction (Fig 4). This will create a sharp edge at the
lower end of the bevel that is removed by rasping this sharp
edge in a horizontal direction, resulting in a rounded edge of
at least half the thickness of the hoof wall (Fig 5). Excessive

a) b)

Fig 3: Nippers being used at a vertical angle starting the cut dorsal to the sole-wall junction. This will create a thin mound of hoof wall
around the perimeter of the foot.

Fig 2: The toe and quarters are static (red arrow) while the hoof
wall at the heels moves against the shoe (yellow circle).

Fig 4: Rasp being used on a vertical angle dorsal to the sole-
wall junction. Note the amount of hoof wall (3–5 mm) being
formed at the perimeter of the foot.

© 2015 EVJ Ltd

322 EQUINE VETERINARY EDUCATION / AE / JUNE 2016



hoof wall flares are removed from the outer hoof wall; then
the rasp is used to blend this area into the rounded perimeter
of the hoof wall. Horses that have worn shoes for any
considerable length of time are likely to have some degree
of hoof wall separation between the toe and heel quarters. If
the toe and heel structures on the ground surface of the foot
are intact and strong, these separations can easily be
removed by placing the rasp at a more acute vertical angle
and removing the separated outer hoof wall down to where
the sole-wall junction becomes solid. The toe and heel
structures are able to accept the weightbearing function and
the quarters will grow out solid (Fig 6). Finally, in order to
appreciate the sole thickness, hoof testers are placed on the
sole dorsal to the apex of the frog. If the sole does not
deform, breakover can be enhanced by creating a slight
bevel with a rasp starting half way between the apex of the
frog and the newly created perimeter of the hoof wall. If
successful, with the foot on the ground, a space will be
present under the dorsal toe to which a credit card could be
placed underneath the toe. This trim can be modified
according to the amount of horn present or the
conformation of the foot. Trimming (bevelling) the bearing
surface of the wall in this manner is also likely to prevent
chipping and cracking of the outer surface of the hoof wall.

The transition from shod to barefoot
Horse owners are confronted with the purported benefits of
leaving a horse barefoot by their equine care providers,
equine lay publications, barefoot proponents and the

Internet. Furthermore, the deleterious effects of various
aspects of farriery have led to a resurgence of interest in
maintaining horses barefoot with the appropriate trimming.
There are many factors/variables to be considered in making
the decision as to whether a horse is a candidate to leave
barefoot. These may include the type and amount of work
expected of the horse, surface on which the horse works,
genetics, hoof conformation, the integrity and strength of the
palmar foot and the present condition/health of the
structures of the hoof capsule. The degree of involvement of
any one of these factors or a combination of these factors
may make the horse not amendable to remain barefoot. It
must be remembered that when the horse wears shoes, the
hoof is raised off the ground and the major load is placed on
the hoof wall. Being above ground, the sole-wall junction, the
sole, bars, digital cushion and frog will lose their normal
degree of structural integrity and density from lack of
stimulation due to the interface created by the shoe. The sole
thickness will invariably decrease with shoes, thus limiting its
protective nature. The structures of the hoof capsule have
the ability to change density through the process of
adaptation; therefore an adequate transition period for
adaptation of the foot is essential when attempting to
change from shoes to barefoot is logical (Eliashar 2012). If the
hoof walls are thin and of poor consistency and if the sole at
the toe markedly deforms when hoof testers are applied, this
animal will be a challenge to convert to the barefoot state.
The shoes are removed and the feet are trimmed as
described above emphasising that no horn is removed from

a) b)

Fig 5: a) shows the sharp edge created when using the rasp vertically. b) shows the thick rounded perimeter created by using the rasp
in a horizontal direction to remove the sharp edge.

a) b)

Fig 6: Foot shaped to remain barefoot. In a) note the separations between the toe and heel quarters. Separations are removed in b)
using a rasp at a steep angle trimmed to a solid sole-wall junction
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the solar surface of the foot; the hoof wall and frog at the
heels are trimmed to the same plane using the rasp in a
horizontal direction and the remainder of the trimming is
performed in a vertical direction starting on the outer side of
the sole-wall junction. The author recommends that following
the trim the horse be walked one or 2 times a day (15–
20 min) on a firm surface for 7–10 days. If the horse remains
comfortable, the horse may be turned out in a small area
(paddock or round pen) for a few hours daily for the next few
weeks at which time, if sound, the horse can be turned out in
a larger area for a greater amount of time. The feet are
trimmed (shaped) at 3–4 week intervals as outlined in the trim
protocol above being sure to keep the hoof wall at the heels
and the frog on the same plane. The transition period will
depend on the condition of the feet but generally 60–
90 days are necessary and recommended before the horse
should begin some form of exercise.

Using barefoot methodology to improve the palmar
section of the foot
The hoof capsule with low or under run heels and a negative
angle of the solar border of the distal phalanx is a significant
and not unusual problem. There are many farriery techniques
described to address this type of hoof conformation yet none
that have shown consistent documented success. If the heels
are allowed to grow forward, the surface area on the ground
surface of the foot is decreased which places more load on
less heel area that is now located dorsal to the base of the
frog. More weightbearing on less surface area decreases
heel growth further and continues to compromise the
structures of the heel. The frog is now situated palmar to the
heels of the hoof capsule and descends between the
branches of the shoe ‘looking’ for the ground in an attempt
to assume some load. This is complicated by the heels of the
hoof capsule expanding against the surface of the shoe,
which abrades/wears the horn at the heels further. The
author has been able to improve the heels’ structures
significantly in a number of cases by taking the horse out of
work and giving them time off without their shoes. The shoes
are removed and the feet trimmed as outlined in the trim
protocol above with a few exceptions. When shoes are
removed from a horse with under run heels, the frog will often
be situated below the level of the hoof wall to the extent
that when the foot is placed on the ground, the horse will be
standing on his frog alone (Figs 7 and 8). The first objective is

to get the frog and the hoof wall on the same plane so this
section of the foot is ‘load sharing’. This can be readily
accomplished without shoes by placing a frog plate beneath
the frog for 24–48 h and standing the horse on a firm surface
or this can be accomplished by the sheer weight of the horse
during the first week of having the shoes removed (Fig 9).
When the shoes are removed, the palmar section of the foot
is left untouched as the frog will generally be located distal
to the hoof wall as described above. A line is drawn across
the widest part of the foot and excessive toe length is
reduced by using the hoof nippers across the toe in a
completely vertical direction (Fig 10). The remainder of the
hoof wall is rasped on an angle as previously described. The
management of the horse is handled as described for the
transition to the barefoot state. The foot is trimmed at 3 week
intervals and, at the second trim, the hoof wall and the frog
will generally be on the same plane with the heels of the
hoof capsule beginning to restore. Thus it is likely that the
heels can be rasped in a horizontal direction, i.e. the same
plane as the solar surface of the foot and by the second trim,
the bars and angle of the sole will become apparent

Fig 7: Long toe-under run heel foot conformation with the frog
located distal to the level of the hoof wall at the heels. Note the
horse standing on the frog when the shoe is removed and the
space created under the hoof wall at the heels

a) b)

Fig 8: a) denotes foot conformation with a long toe-under run heel conformation. b) shows the frog located below the level of the hoof wall
when the shoe is removed.
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(Fig 11). Hopefully the integrity of the hoof wall will improve
and the sole thickness will increase; both of which can be
verified with hoof testers or radiographs. The amount of time
the horse is without shoes is decided by the owner/trainer
and clinician but the author recommends 60–90 days if
possible. When shoes are replaced, strict attention is paid to
the trim, size type and placement of the shoe using
guidelines such as the hoof-pastern axis, the centre of
rotation and trimming to the base of the frog or to the same
plane of the frog (O’Grady 2009).

Results

The author has successfully handled numerous horses
transitioning from being shod to the barefoot state. The
transition was considered successful if the horse could
perform the desired function perceived without shoes

following the transition period. However, in some instances, a
few of these horses required additional protection using some
type of boot to perform work over and above what was
intended such as a long trail ride or short endurance ride. The
palmar sections of the feet by 20 documented cases of
horses with under run heels were significantly improved when
given time without shoes and the appropriate trim (shaping)
(S.E. O’Grady, unpublished data 2015). The criteria for success
were based on the restoration of a good heel base (hoof
wall, bars and angle of the sole) and the hoof wall at the
heels and the frog being on the same plane. The amount of
hoof wall growth originating at the coronet in the heel area
was dependent on the health/integrity of the soft tissue
structures (frog, digital cushion and ungual cartilages) in the
palmar foot at the onset of treatment.

Fig 9: Frog plate cut from a 2° wedge pad and secured in place
with small horseshoe nails at the toe. Fig 10: Note the under run heels. The red line denotes the widest

part of the foot and illustrates the length of toe being reduced
using the hoof nippers held in a vertical position.

a) b)

Fig 11: a) is the foot illustrated in Fig 8b and Fig 10 at 3 weeks post shoe removal and b) is the same foot at 6 weeks post shoe
removal and additionally shows the horny sole at the angle of the sole to be solid (red arrow).
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Conclusions

The structures of the equine foot have the unique ability to
adapt, change shape and restore. There are multiple benefits
in shod vs. barefoot or in allowing the horse to be without
shoes for a given time period to improve the palmar foot.
However, it requires a transition period, a commitment from
the owner/trainer and in the case of leaving the horse
without shoes, it depends whether the horse can perform
the desired function without shoes. Removing the horse’s
shoes without a transition period and the appropriate foot
care will seldom be successful as the structures need time to
adapt to being able to accept weight without the
protection of shoes.

It is thought that palmar foot pain is an often
encountered cause of lameness seen in the horses.
Furthermore, it is likely that farriery will be part of the overall
treatment regimen. Compromised structures in the palmar
section of the foot often lead to a negative angle of the
solar border of the distal phalanx. It has been reported that
every 1° decrease in palmar angle of the distal phalanx
results in a 4% increase in peak force on the navicular bone
(Eliashar et al. 2004). The frog being situated distal to the level
of the hoof wall at the heels is often correlated with this
negative angle of the distal phalanx. The author is not aware
of any proposed farriery method more effective in
repositioning the frog and the hoof wall on the same plane
as allowing the horse to remain barefoot for a brief
(determined on a case by case basis) interval of time.
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Equine placenta – A clinician’s perspective. Part 1: Normal
placenta – Physiology and evaluation
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Summary
A complex organ, the equine placenta is responsible for fetal
nourishment, protection from external and internal insults, and
the production and/or metabolisation of various hormones.
The endometrial cups are unique structures of the equine
placenta that are responsible for producing an essential
hormone for equine pregnancy, equine chorionic
gonadotropin. Since mares have epitheliochorial placentae,
with 6 layers of tissue separating maternal from fetal
circulation, almost the entire surface of the chorioallantois
must be attached to the maternal endometrium in order to
support a developing fetus adequately. The only avillous
areas of the normal chorioallantois are: the cervical star, sites
of the endometrial cups, areas facing oviductal papillae,
folds overlying major allantoic vessels, and fetal foot PADs
(placental areas of degeneration). There are characteristic
differences between the gravid and the nongravid horn of the
chorioallantois. Allantoic vesicles, allantoic pouches,
hippomanes, amniotic plaques and yolk sac remnants are
normal features of the equine placenta. The clinician should
thoroughly examine the entire placenta immediately after its
expulsion. The most important aspect of this evaluation is to
check for completeness of the chorioallantois, along with
identifying any pathological lesions on the fetal membranes
or the umbilical cord.

Introduction

The placenta has been defined as “an apposition or fusion of
the fetal membranes to the uterine mucosa for physiological
exchange” (Mossman 1937). Another definition of this
important organ was proposed by Steven and Morris (1975):
“a device consisting of one or more transport epithelia
located between fetal and maternal blood supply”. The
placenta primarily provides an interface between the dam
and the fetus, allowing the metabolic exchange of nutrients,
oxygen and waste material. Maternal circulation is brought
into close apposition to fetal circulation by the placenta, while
maintaining separation between these two circulatory systems
throughout the pregnancy (Enders and Blankenship 1999). The
degree and complexity of this ‘intimate relationship’ vary
greatly between species, mostly due to the structural diversity
of the extraembryonic membranes of vertebrates.

Physiology

In equine pregnancy, an effective embryonic-maternal
exchange of gases and nutrients (histiotroph) is established as

early as Day 22 after fertilisation, when the embryonic and
choriovitelline circulations are already present, the capsule
ruptures, and the allantois is already visible (Enders and Liu
1991). The allantois starts expanding by Day 32, vascularising
approximately 90% of the chorion and fusing with it to form
the chorioallantois by Day 38 of gestation (Steven 1982). The
equine placenta continues to increase in complexity until
approximately Day 150 of gestation. Equids have an
epitheliochorial placenta; 6 layers separate the maternal and
fetal circulations and unlike ruminants, there are no erosions
of the luminal/maternal epithelium (Mossman 1987).
Thousands of small chorionic microvilli develop and penetrate
the endometrial invaginations. Secondary and tertiary
branching also occurs, forming unique equine placental
microcotyledons. Furthermore, the endometrial glands
continuously produce glandular histotroph, which the
trophoblast cells of the areolae between the microcotyledons
take up and absorb. Despite the complexity of this interface,
the transfer of nutrients through all 6 layers separating the fetal
and maternal circulations is relatively poor; therefore, only one
fetus can be supported. Stereological measurements have
revealed that the total microscopic area of fetomaternal
contact at the chorioallantois–endometrium interface in an
average Thoroughbred mare at term is 50–60 m2 (Wilsher and
Allen 2003). This entire surface has to be in close proximity at
all times to support equine pregnancy (Fig 1). Any alteration
of the endometrial or chorioallantoic surfaces results in loss or
compromise of the fetus.

The equine placenta has another unique function. A strip
of specialised trophoblastic cells appears at the margin of
the yolk sac and the chorioallantois, forming a so-called
‘chorionic girdle’. These cells are already visible by Day 25,
and they begin to invade the uterine epithelium on Day 34.
Only those cells that penetrate the maternal stroma and
separate from the basal layers survive and enlarge to form
endometrial cups. These cups then synthesise equine
chorionic gonadotropin, which is responsible for ovulation
and/or the luteinisation of ovarian follicles and the formation
of secondary or accessory corpora lutea (Urwin and Allen
1982). This hormone is produced from approximately Day 40
to 100 of gestation. The cups begin to degenerate on Day
80; some may become enclosed in a fold of chorioallantoic
tissue called a chorioallantoic pouch (Clegg et al. 1954).

Finally, uteroplacental tissues play a major role in the
production and transport of various hormones. Some steroid
precursors, such as cholesterol, are transported from maternal
to fetal circulation and metabolised within the fetal and
placental tissues. The major products of these chemical
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reactions are progestagens and oestrogens, which are
secreted back to the maternal circulation (Ousey 2011). The
fetoplacental unit is essential for supporting pregnancy
through the production of progestagens such as 5a-pregnan-
3,20-dione. This hormone circulates in maternal plasma during
the second half of the pregnancy, but it is also returned to
the fetus, especially near term. The total progestagen
concentration in maternal plasma increases rapidly during
the last 2 weeks of pregnancy thanks to increased delivery of
the substrates, doubling size of the fetal adrenal glands, and
increased expression of the progestagenic enzymes in the
fetal adrenals and placenta. Final decline in progestagen
concentration usually occurs soon before parturition.
Oestrogens and relaxin are also produced by the equine
placenta. The precursor of oestrogens, dehydro-
epiandrosterone, is produced by the enlarged fetal gonads,
regardless of fetal sex (Ousey 2011). Dehydroepiandrosterone
is excreted to the umbilical artery, transported into the
placenta, and aromatised into oestrogens (oestrone,
oestradiol 17-a and oestradiol 17-b). Relaxin is produced by
the placenta in pregnant mares. This hormone reaches a
high plateau of concentration in maternal circulation by Day

80, remaining there until it increases again during parturition
in response to rising concentrations of oxytocin.

Evaluation of the equine placenta post partum

The fetal part of the equine placenta (fetal membranes) is
usually expelled within 30 min of the delivery of the foal
(Roberts 1986). A delay in the expulsion of the fetal
membranes beyond 3 h is considered abnormal for the
mare and may have serious consequences, such as a
metritis/laminitis/sepsis complex (LeBlanc 2008). Indeed, if
even a very small piece of the chorioallantois is retained in
the mare’s uterus, it is as lethal as if the fetal membranes
were retained as a whole. Therefore, a thorough
examination of the fetal membranes expelled post partum
is crucial for planning care for both the foal and the mare.
The placenta comprises maternal and fetal parts, with only
the latter expelled by a healthy mare. However, many
horse breeders, farmers, animal scientists and veterinarians
refer to these tissues alone as just the placenta. Therefore,
we use this term hereafter to represent the fetal
membranes.

The best time to evaluate the equine placenta is
immediately after foaling and placental expulsion. The
placenta should be protected from tearing and excessive
contamination with faeces, shavings, straw or sand.
Therefore, any fragment of the placenta freely hanging from
the mare’s vulva should be tied up immediately after foaling,
before the mare has the chance to step on it (Fig 2). Farm
crew should be trained to collect the expelled placenta and
to place it in a clean bucket or trash bag for evaluation.
Preparing an outline of the examination through a form to be
completed is helpful for collecting and keeping good records
(Fig 3).

The equine placenta is usually expelled intact and inside
out (with the chorionic surface inside and the allantoic
surface facing outside). An exception is premature placental
separation, when the entire chorioallantoic sack comes out
with the chorionic surface on the outside. The chorioallantois
has a similar shape to the gravid uterus, with the gravid horn
usually bigger than the nongravid horn. Normal placental
weight at term is approximately 11% of the weight of the foal,

Fig 1: Close apposition of maternal (a) and chorionic (b)
surfaces of the equine placenta. Specimen obtained during
necropsy.

a) b)

Fig 2: Post partum mare shortly before expelling the fetal membranes. The membranes are tied up high, above the hocks, to avoid
tearing (a); the mare rolls due to uterine cramping post partum (b), just before expelling the placenta (third-stage labour).
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approximately 2.2–6.4 kg (Pascoe and Knottenbelt 2003;
Schlafer 2004a). The best method to check for completeness
is to arrange the entire placenta into a so-called ‘lazy F
shape’ (Fig 4). Completeness of the chorioallantois is
determined first. Pay special attention to the tips of both
horns, as the most common site of placental tears is the tip of
the nongravid horn. Much thinner than the gravid horn, this
horn is expelled last, which makes it especially prone to being
torn and retained. The tip of the nongravid horn may also be
shredded but nevertheless complete. This poses a challenge
for examination of the placenta. The clinician or examiner

should put all the pieces together like a jigsaw in order to
ensure that the entire chorioallantois has been passed. After
checking for completeness, examine both sides of the
chorioallantois. The chorionic side should be red, with a
velvet-like surface. The gravid horn may have a brighter
colour than the nongravid horn, which may appear darker
than the gravid horn. The nongravid horn may even have a
brownish colour.

The gravid horn is usually larger, smoother, and thicker
than the nongravid horn. Its tip has obvious oedema (Figs 4
and 5). By contrast, the nongravid horn is often, but not

EQUINE  FETAL  MEMBRANES  (PLACENTA) – WORK  SHEET 
Mare’s name……….:………………………………………                    MR#.......................................

Date………………...... DVM name…………………………….……………………………………..

Owner’s name………………………………………………………….………………………………………………….

Address………………………………………………………………….……………………………………………………

Foaling history……………………………………………….……………………………………………………………

Foaling date:………………………….       Placenta passed  (hr post partum) …………….............

Placenta’s weight……………………………………..     Umbilical cord length……………………………

- Indicate all missing fragments - Draw all abnormal areas - Take a photo

Chorioallantois – chorionic side:

Amnioallantois Umbilical cord:

- Indicate a remnant of a yolk sac,  if present

Allantoic side
Number of twists:……..

Amniotic side
Number of twists:……..

- Draw all abnormal areas

Swab taken for culture:
Yes              No

Fig 3: An equine placental evaluation work sheet used by the author.
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always shorter, much thinner, and wrinkled from the
numerous allantoic vessels that hold this horn’s shape in
place (Wester 2010). Since the gravid horn is more distended
than the nongravid one, the villi tend to be less dense and
shorter on the surface of the gravid horn, while they are
dense and longer, even plush-like, on the surface of the
nongravid horn (Schlafer 2011). Care must be exercised when
interpreting colour changes, since even a short period of
storage or transportation may cause dramatic changes in the
colour patterns on the chorionic side. Patchy brownish-to-tan
discoloration is often present in normal equine placentae
(Fig 6).

Several avillous areas can be found on the chorionic side
of the chorioallantois that are not associated with any
pathology. The most prominent one is the so-called cervical
star facing the internal os during pregnancy (Fig 7a). The

cervical star ruptures during parturition, initiating second-
stage labour. This area is also affected first in any process of
ascending placentitis. Furthermore, there are small avillous
areas on the tips of both horns, which are apposite the
oviductal papillae in the uterus (Fig 7b, c). The area
attached to the base of the gravid horn is relatively thin due
to being stretched by the growing fetus. Patchy avillous areas
are often present at the previous locations of the endometrial
cups, at the base of the gravid horn (Fig 7d). The site of the
attachment of the umbilical cord may also be avillous on the
chorionic side. Occasionally, one observes longitudinal
avillous areas overlying the large branches of the umbilical
vessels (Fig 7e) (Schlafer 2011). These vessels have limited
elasticity, causing in utero folding of the chorioallantoic
membrane (Rossdale and Ricketts 2002). In some cases, a
placental area of degeneration (PAD) can also be found on

EQUINE  FETAL  MEMBRANES  (PLACENTA) – WORK  SHEET 

- Draw all abnormal areas - Take a photo- Draw  umbilical cord attachment site

Chorioallantois – allantoic side:

Taking samples for histopathology (modified from Schlafer 2004)

- Indicate sites of  additional samples

1. Cervical star

2. Body

3. Non-gravid horn

4. Base of gravid horn

5. Gravid horn (midsection)

6. Amnioallantois

7. Umbilical cord

1

2

4

3

5

6

7
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the chorionic surface of the gravid horn, close to the tip
(Fig 7f). Resulting from chronic pressure of the fetal foot
against the placenta during the last trimester of the
pregnancy, this is termed a fetal foot PAD (Schlafer 2011).
Observing any other areas with no villi or with significant
discoloration should raise concern.

The allantoic side of the equine placenta should be
smooth and transparent. An accumulation of fluid in the
allantoic stroma may lead to the formation of allantoic
vesicles, which may be found around the blood vessels
(Schlafer 2011) (Fig 8a). Allantoic pouches have a different
origin. They contain the necrotic remains of the endometrial
cups that sloughed from the endometrial surface (Fig 8b).
These are usually present near the location of the umbilical

cord’s attachment (Schlafer 2011). There are certain
characteristic features often found in the allantoic cavity
called ‘hippomanes’ (Fig 8c) or ‘allantoic calculi’. They
contain lipids, cellular debris, degenerated blood cells, and
irregular mineralised material (Schlafer 2004a). Their
significance is unknown.

Many large arteries and veins on the allantoic side provide
blood supply to the chorion and chorionic villi. Three vascular
patterns can be identified on this side, with type I the most
commonly seen among Standardbred mares (Fig 9)
(Whitehead et al. 2005). Pattern II is consistent with a change in
the location of the fetus from one horn, where implantation
took place, to another, where the fetus is present at term. This
pattern is also associated with an elongated umbilical cord
(>80 cm). Pattern III, considered abnormal, has been

a) b)

Fig 4: Equine chorioallantois arranged in a ‘lazy F position’: allantoic side out (a); chorionic side out (b). Parts of the chorioallantois are
named according to their corresponding uterine structures: cervical star (a), body (b), base of nongravid horn (c), nongravid horn
(mid-section; d), base of gravid horn (e), gravid horn (mid-section, f)

a) b)

Fig 5: Chorioallantois, tips of horns (allantoic side out):
oedematous gravid horn (a), and thin and wrinkled nongravid
horn (b).

Fig 6: Normal chorioallantois with patchy discoloration due to
brief storage.

© 2015 EVJ Ltd

331EQUINE VETERINARY EDUCATION / AE / JUNE 2016



a)

b)

c)

f)

e)

d)

Fig 7: Chorioallantois with the chorionic side out, avillous areas: cervical star (a); sites of oviductal papille (b, c); sites of endometrial
cups (d); allantoic vessels (e); fetal foot PAD (placental area of degeneration, f).

a) b) c)

Fig 8: Chorioallantois, allantoic side: allantoic vesicles (a); allantoic pouches (b); hippomane (c).

Fig 9: Three vascular patterns of the equine placenta (based on Whitehead et al. 2005)
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associated with having a co-twin that died spontaneously or
was reduced early. However, more recent observations have
not confirmed this association (Chenier 2011). The umbilical
cord should be attached to the dorsal side at the base of one
of the horns. It consists of 2 veins and 2 arteries on the allantoic
side and 2 arteries and one vein on the fetal side (Fig 10). The
length of the cord varies. A large study of 143 Thoroughbred
mares found a mean length of 55 cm across a broad range of
32–90 cm (Schlafer 2011). The urachus connects the fetal

urinary bladder and the allantoic cavity. This structure runs
within loose stromal tissue in the amniotic section of the cord
(Schlafer 2004a). Small dilatations of the urachus are often
observed as thin-walled sacs bulging into the amniotic cavity
(Schlafer 2004a). A remnant yolk sac is a normal feature of the
equine placenta and is often present along the allantoic
portion of the cord (Fig 11). However, if this structure is overly
large and has a long pedicle, it may wrap around the
umbilical cord, compromising fetal blood supply and leading
to abortion (Schlafer 2004b). The amnioallantois is a large,
translucent sac attached to the umbilical cord (Fig 12). This
membrane contains numerous, tortuous and prominent blood
vessels (Rossdale and Ricketts 2002; Schlafer 2011). The amnion
itself is not vascularised; the allantoic side provides the
necessary vascularisation to the amnioallantois. Amniotic
plaques may be present on the amniotic surface of the
amnioallantois and on the amniotic part of the umbilical cord.
These features are focal areas of squamous metaplasia
(Fig 12b, c). Their surface may become keratinised, and they
look like small, horn-like rugose growths (Schlafer 2011).

If any clinical concerns regarding an equine placenta
require further investigation, a set of samples should be taken
for bacteriological and histopathological examination. In this
case, a swab is usually taken from the cervical star, as well as
from any areas that look abnormal. Schlafer (2004a) suggests
taking tissue samples for histopathological evaluation from a
minimum of 5 different sites on the chorioallantois, plus one
sample from the amnioallantois and one sample from the
umbilical cord (Fig 3). More samples should be taken from

a) b)

c)

d)

Fig 11: Examples of the remnants of the yolk sac.

Fig 10: Umbilical cord – normal morphology.

© 2015 EVJ Ltd

333EQUINE VETERINARY EDUCATION / AE / JUNE 2016



any other abnormal areas. Delicate rinsing of tissues with
water in order to remove debris and dirt may be performed
prior to taking samples for histopathology, but long exposure
to water should be avoided since it can distort tissue
morphology (Schlafer 2004a).

In summary, the equine placenta is a complex organ that
acts in synchrony with fetal development and needs, as well
as with the dam and her ability to support the pregnancy.
Things do not always proceed as planned, however. The
equine placenta can become a deadly trap for the fetus
and a silent killer for the mare. Placental abnormalities and
their consequences are described in Part 2 of this review.
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Summary
Desmitis of the origin of the suspensory ligament is a common
injury of sport horses; however, it remains a diagnostic
challenge. The anatomy of the region can lead to difficulties
localising the lameness. Diagnostic imaging may be
complicated by overlying structures and the limitations of the
imaging modalities readily available. A logical approach to
clinical examination, diagnostic analgesia and multimodal
imaging can help to overcome these difficulties.

Introduction
Desmitis of the origin of the suspensory ligament, also referred
to as proximal suspensory desmitis (PSD), is a common injury
in the fore- and hindlimbs of athletic horses of all disciplines
and may occur uni- or bilaterally (Dyson and Genovese
2011). Unlike in the forelimb, hindlimb lameness is not typically
worse with the affected limb on the outside of the circle and
usually most obvious when the horse is being ridden or
exercised on a deep footing (Dyson 2007; Dyson and
Genovese 2011). When both hindlimbs are affected
simultaneously, poor performance and behavioural changes
are frequent presenting complaints. Once pain has been
abolished unilaterally, a contralateral lameness may be
appreciated. Flexion of the affected limb typically
exacerbates the degree of lameness particularly in the
hindlimb where anatomic differences may exert greater
stress in the ligament (Dyson 1991; Dyson 2007; Schulze and
Budras 2008; Dyson and Genovese 2011). The presence of a
straight hindlimb conformation and/or fetlock hyperextension
has been associated with PSD (Fig 1) (Dyson 2007). The feet
should also be carefully assessed as poor foot balance may
be a predisposing factor (Dyson 2007; Dyson and Genovese
2011). Hindlimb PSD has been identified as a particular
problem, in part due to the increased loading with
advanced athletic use (Murray et al. 2006), but also due to
the likelihood of recurrence with conservative treatments
(Dyson and Murray 2012). In contrast, forelimb PSD may be
transient and is generally more responsive to therapeutic
management (Dyson 2007; Dyson and Genovese 2011).
Definitive diagnosis of PSD in both the fore- and hindlimb can
be challenging and requires a logical approach combining
clinical findings with diagnostic analgesia and multimodal
diagnostic imaging (Labens et al. 2010; Nagy and Dyson
2012a). Nevertheless, a diagnosis of proximal metacarpal or
metatarsal pain is sometimes the only conclusion that can be
reached owing to the absence of abnormal imaging
findings. Here we aim to present an overview of the relevant
anatomy and discuss diagnostic techniques in support of the
diagnosis of PSD.

Anatomy and function
The suspensory ligament or third interosseous muscle is located
deep to the flexor tendons and accessory ligament of the
deep digital flexor tendon (ALDDFT), palmar or plantar to
the third metacarpal/tarsal bone (Mc/MtIII) and axial to the
second and fourth metacarpal/tarsal bones (Denoix et al.
2008). The ligament can be divided into 3 separate regions,
which are subject to injury; the proximal portion, or origin,
which is the focus of this review, the body and the distal
branches. In the forelimb the proximal portion extends from 4
to 12 cm distal to the accessory carpal bone and in the
hindlimb, not considering its accessory ligament, from 1 to
10 cm distal to the articulationes tarsometatarseae
(tarsometatarsal or TMT joint) (Dyson and Genovese 2011).

In the forelimb the majority of suspensory ligament fibres
originate from the proximal aspect of the palmar cortex of McIII,
but there are also a few fibres originating from the palmar
aspect of the third carpal bone just distal to the origin of the
ALDDFT and from the axial aspect of the fourth metacarpal
bone (Bischofberger et al. 2006; Denoix et al. 2008; Nagy and
Dyson 2009, 2012b). The suspensory ligament of the forelimb

Fig 1: Straight hindlimb conformation likely predisposing to
suspensory disease.

© 2015 EVJ Ltd

335EQUINE VETERINARY EDUCATION / AE / JUNE 2016

mailto:Raphael.Labens@ed.ac.uk


originates as a bi-lobed structure, which is approximately
rectangular in cross-section. The lobes merge as the ligament
courses distally to become indistinguishable at 5–7 cm distal to
the carpometacarpal joint (Nagy and Dyson 2009, 2012b). At
the proximal extent the lobes appear asymmetrical with the
lateral lobe being thicker and more rounded than the medial.
This difference appears to become less significant as the
ligament courses distally (Bischofberger et al. 2006).

The suspensory ligament of the hindlimb arises primarily
from the proximal plantar aspect of MtIII with an accessory
ligament originating from the plantar aspect of the fourth
tarsal bone (deep portion) and calcaneus (superficial portion)
(Bischofberger et al. 2006; Schulze and Budras 2008; Dyson and
Genovese 2011). The ligament is positioned laterally on the
plantar aspect of MtIII, as opposed to axially in the forelimb
and is more triangular in appearance when compared to the
forelimb suspensory ligament (Bischofberger et al. 2006; Dyson
and Genovese 2011; Schramme et al. 2012). At the origin, the
hind suspensory ligament is also bilobar due to a separate
lateral and medial insertion, forming a central incision or hilus.
However, the lobes are less well defined and are asymmetrical,
forming a right-angled triangle shape, with a much larger
lateral than medial portion (Bischofberger et al. 2006;
Schramme et al. 2012).

The suspensory ligament contains intraligamentous mixed
tissue bundles as part of its normal anatomy. These are situated
centrally within the medial and lateral lobes of the ligament
(Bischofberger et al. 2006). In the forelimb these originate
palmarly approximately 2 cm distal to the carpometacarpal
joint and become more central as the ligament courses
distally, eventually becoming diffusely distributed within the
collagenous tissue (Nagy and Dyson 2009, 2012b). In the
hindlimb the bundles originate just distal to the origin of
the ligament and persist to the level of the bifurcation of the
suspensory ligament, occupying between 2 and 31% of the
cross-sectional area of the ligament with the maximal
cross-sectional area occurring at approximately 14 cm distal
to the TMT joint (Schramme et al. 2012). Histological
examination of the suspensory ligaments of normal horses has
shown that the bundles contain loosely arranged connective
tissue, skeletal muscle, adipose tissue and small to medium
neurovascular structures (Bischofberger et al. 2006; Schramme
et al. 2012; Nagy and Dyson 2012b). The content and
distribution of muscle and adipose tissue has been found to be
broadly similar between left and right hindlimbs of the same
horse, but varies between horses (Schramme et al. 2012).

Innervation
The lateral palmar nerve is formed by the palmar or deep
branch of the ulnar nerve and the lateral or communicating
branch of the median nerve just proximal to the accessory
carpal bone. The lateral palmar nerve then branches into a
deep and superficial portion just distal to the accessory carpal
bone, at the level of the middle carpal joint. The deep branch
of the lateral palmar nerve subsequently branches to form the
medial and lateral palmar metacarpal nerves, which then
produce branches to innervate the forelimb suspensory
ligament (Muylle et al. 1998).

The medial and lateral plantar nerves arise from the tibial
nerve just proximal to the tarsocrural joint (Ghoshal 1975). The
hind suspensory ligament is innervated by the deep branch of
the lateral plantar nerve (DBLPN), which gives rise to the
medial and lateral plantar metatarsal nerves.

Diagnosis

Diagnostic analgesia
There are various approaches to diagnostic analgesia and
there is no single technique that is specific for the ligament. A
positive response should be considered diagnostic for proximal
palmar/plantar metacarpal/metatarsal pain rather than
desmitis of the origin of the suspensory ligament until abnormal
imaging findings support the diagnosis (Dyson 2003). Some of
the more frequently performed analgesic approaches are
listed below but for a comprehensive review of all techniques,
the reader is directed elsewhere (Bassage and Ross 2011).

Forelimb

Two-points of the high 4-point nerve block: The medial and
lateral palmar metacarpal nerves are anaesthetised just distal
to the carpometacarpal joint, at the point where the second
and fourth metacarpal bones begin to taper. This approach
has recently been shown to provide selective analgesia of the
palmar metacarpal nerves (Hellige et al. 2011); however,
inadvertent penetration of the carpometacarpal joint has
been seen in 50% of horses in which this technique was used
(Nagy et al. 2012).

Local anaesthetic infiltration of the origin of the suspensory
ligament: This procedure is performed from a lateral injection
site and proceeding in a fan shaped pattern through the
ligament to include the entire origin (Ford et al. 1989; Dyson
2007; Bassage and Ross 2011). This technique has been shown
to have potential for inadvertent penetration of the
carpometacarpal joint (12% of cases described by Nagy et al.
2012), suggesting that the technique should be performed
aseptically (Ford et al. 1989; Nagy et al. 2012).

A lateral palmar block or Wheat block: This procedure involves
blocking the lateral palmar nerve just distal to the accessory
carpal bone before it branches to form the medial and lateral
palmar metacarpal nerves. This technique has the advantage
of being remote from the palmar outpouchings of the
carpometacarpal joint; however, there is a risk of local
anaesthetic being introduced into the carpal sheath (Bassage
and Ross 2011; Nagy et al. 2012).

A modification of the Wheat technique for analgesia of
the lateral palmar nerve without the concurrent risk of
breaching the carpal sheath has been described by Castro
et al. (2005). The lateral palmar nerve is anaesthetised as it
traverses the medial aspect of the accessory carpal bone. The
injection site can be palpated as a longitudinal groove in
the fascia over the accessory carpal bone just dorsal to the
palmar insertion of the thick fascia of the flexor retinaculum. A
1.6 cm 25 gauge needle is inserted in a mediolateral direction
over the palpable neurovascular bundle at the distal third of
the accessory carpal bone and 1–2 ml of local anaesthetic is
injected, sufficient to desensitise the nerve at this level (Fig 2a).
Due to the low risk of inadvertent injection of synovial
structures, the avoidance of needle placement within the
suspensory ligament, and despite a potential reaction to the
procedure (Dyson 2007), this is the authors’ preferred
technique. However, analgesia of the lateral palmar nerve
may also desensitise other palmar carpal structures, and a
recent study demonstrated that contrast medium injected at

© 2015 EVJ Ltd

336 EQUINE VETERINARY EDUCATION / AE / JUNE 2016



this site may diffuse proximally and distally, probably
anaesthetising the entire palmar carpus and radius (Nagy
et al. 2012). Concurrent analgesia of the antebrachiocarpal
and middle carpal joint may be required to interpret
diagnostic results fully, taking into consideration that analgesia
of the middle carpal joint may also improve lameness
originating from the origin of the suspensory ligament.

The relevant cross-sectional anatomy of the forelimb is
illustrated in Supplementary Item 1 and highlights the close
proximity of dye injected for analgesia of the palmar
metacarpal nerves (red) and the middle and consequently
carpometacarpal joint (blue). This also further demonstrates
the potential for diffusion of local anaesthetic solution and
underlines the necessity for diagnostic analgesia of the middle
carpal joint in order to validate the diagnosis of proximal
metacarpal pain.

Hindlimb

Diagnostic analgesia of the DBLPN: As discussed earlier, the
hindlimb suspensory ligament is innervated by the DBLPN. The
current authors prefer a single-injection technique for
diagnostic analgesia of this nerve (Hughes et al. 2007). The
limb is elevated and the stifle and tarsus flexed at 90°. The
flexor tendons are deflected medially and a 23 gauge 25 mm
needle is inserted perpendicular to the skin axial to the fourth
metatarsal bone at approximately 15 mm distal to the
tarsometatarsal joint (Fig 2b). The needle is then advanced
1.5–2 cm below the skin. Local anaesthetic solution (3–5 ml) is
injected at the site. A modification of this approach with the
injection carried out whilst weightbearing has been described
and may be of use in a fractious animal or in cases where it is
difficult to hold the limb in an elevated position and inject
single handedly (Gayle and Redding 2007).

Similar to the synovial adjacencies in the forelimb, subtarsal
analgesia can affect TMT joint pain and diagnostic analgesia of
the TMT joint can affect proximal metatarsal pain, owing to the
close association between plantar outpouchings of the TMT
joint capsule and the plantar metatarsal nerves. A recent study
has shown analgesic levels of mepivacaine within the TMT joint
in 25% of limbs 10 min after diagnostic analgesia of the DBLPN
(Contino et al. 2015). Furthermore as with the carpal sheath,
inadvertent injection of the tarsal sheath has been reported

with subtarsal injection techniques (Dyson and Romero 1993;
Hughes et al. 2007; Nagy et al. 2012; Clanch et al. 2014; Contino
et al. 2015). Consequently, diagnostic analgesia of all adjacent
synovial structures should be carried out in cases that improve
to the above techniques. In reality, however, this rarely includes
the adjacent sheath unless it is supported by concurrent clinical
signs. Due to the complexity of interpreting results of diagnostic
analgesia in the proximal metatarsus, the authors prefer to use
no more than 3 ml of local anaesthetic for analgesia of the
DBLPN and 5 ml for the TMT joint and start evaluating the
response at 5 min post injection. In their experience, the block
with the most complete response in the shortest amount of time
is then believed to be the most relevant.

Additionally, it should be noted that all of the above
techniques have the potential to anaesthetise the distal limb. A
recent study by Hinnegan et al. (2014) has shown that 20% of
horses had a substantial reduction in skin sensation at the lateral
heel bulbs 30 min after diagnostic analgesia of the DBLPN,
presumably associated with diffusion of the local anaesthetic
solution towards the lateral plantar nerve. Diffusion of local
anaesthetic and contrast medium in a proximal and distal
direction has similarly been reported for diagnostic analgesic
techniques in the forelimb (Nagy et al. 2012). Therefore a low 4-
or 6-point block should always be performed in order to confirm
the lameness originates proximal to the fetlock.

Differential diagnoses for proximal metacarpal/metatarsal
pain on the basis of the correct use and a specific response to
the described diagnostic analgesic techniques include PSD,
PSD and enthesiopathy of Mc/MtIII, cortical thickening,
avulsion or stress fractures of the plantar cortex of Mc/MtIII,
neuropathy of the DBLPN in the hindlimb (Toth et al. 2008) and
proximal suspensory pain without concurrent imaging
abnormalities. However, many other conditions such as
desmitis of the ALDDFT, DDF tendonitis, distal carpal and tarsal
joint/bone pain, third metacarpal/metatarsal bone pain and
splint bone fractures have historically also improved following
the above techniques. In the hindlimb, the potential for this
nonspecific response can easily be appreciated from the
review of the anatomy after perineural infiltration of the DBLPN
with red and TMT joint injection with blue dye (Supplementary
Item 2).

Imaging

i) Nuclear scintigraphy
There is limited published information regarding patterns of
radiopharmaceutical uptake in cases of PSD (Ueltschi 1989;
Dyson et al. 2007) and it should be borne in mind that a focal
increase in scintigraphic uptake in the proximal metatarsal/
carpal region can be seen for many different reasons (Werpy
and Denoix 2012). In the report by Dyson et al. (2007) nuclear
scintigraphy in horses with forelimb PSD was generally not
considered useful and only 12% of horses with PSD in the
hindlimb had increased radiopharmaceutical uptake (IRU) in
the proximal plantar MtIII. However, IRU on plantar images of
the proximal metatarsus was also associated with lameness in
that limb. Scintigraphic images of a horse with proximal
metatarsal pain are shown in Fig 5b and illustrate focal IRU at
the origin of the suspensory ligament during pool and bone
phase imaging.

ii) Radiography
The diagnosis of PSD should not be made based on
radiography alone. Many horses with PSD do not have any

a) b)

Fig 2: Local analgesic techniques to desensitise the proximal
metacarpal/tarsal region. Perineural analgesia of the lateral
palmar (a) and deep branch of the lateral plantar (b) nerve.
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abnormalities detectable radiographically (Dyson 2007).
Nevertheless, a minimum of 4 views (dorsopalmar/plantar,
lateromedial, dorsolateral-palmaromedial/plantaromedial
oblique and dorsomedial-palmarolateral/plantarolateral
oblique), centred on the proximal metacarpus/metatarsus
and including the distal aspect of the carpus or tarsus should
be obtained (Butler et al. 2008). Radiographic changes
associated with PSD have been described and include
remodelling of the proximal palmar/plantar aspect of Mc/MtIII
dorsal to the palmar/plantar cortex (endosteal reactions)
or enthesiophyte formation on the palmar/plantar aspect
of the bone seen in a lateromedial view (Dyson 1991, 2007).
Similar radiographic changes may be seen in sound horses,
although these have been reported to be correlated with
subclinical changes in the origin of the suspensory ligament
(Dyson 1994). Abnormal radiographic findings may further
include avulsion fractures of the origin of the suspensory
ligament classically described as one or 2 crescent shaped
radiolucencies best seen on a dorsopalmar/plantar
radiograph (Booth 2003). Radiographic changes are generally
more commonly found in hindlimbs (Dyson 1991, 1994) but, on
the whole, abnormal findings are infrequently observed
presumably due to the bone density change required to
become apparent. Radiographic images of the same horse
with IRU show marked sclerosis of the proximoplantar aspect of
the left and right MtIII (Fig 5a).

iii) Ultrasound
Ultrasonography is the most frequently used technique to
evaluate the proximal aspect of the suspensory ligament. A
7–10 MHz probe is used and focal zones, depth and gain
optimised for the proximal suspensory region. Examinations are
performed in at least 2 planes (transverse and longitudinal),
allowing visualisation and validation of abnormal findings. It is
recommended that both limbs be examined, even in cases of
unilateral lameness, in order to compare the size and
composition of the ligament. The complexity of the local
anatomy often leads to artefacts within the images which
complicate interpretation of ultrasonographic findings.
Therefore variations in sonographic technique are required to
arrive at accurate clinical conclusions (Werpy and Denoix
2012). To avoid additional complications, every effort is made
for ultrasonographic examinations not to follow local
perineural techniques as haemorrhage and entrapped air
may cause further artefacts.

There have been a number of recent studies correlating
magnetic resonance imaging (MRI) with ultrasonographic
imaging findings of the normal (Schramme et al. 2012; Werpy
et al. 2013) and abnormal origin of the suspensory ligament
(Labens et al. 2010), which suggest that abnormal findings on
ultrasonography are to be interpreted cautiously. Others
have reported on the reliability of ultrasonographic
examinations and confirmed the common perception that
examination of the hindlimb is less reliable than that of the
forelimb. In part this is due to the imprecision of quantitative
assessments (Zauscher et al. 2013) but qualitative assessments
also lack the necessary accuracy to detect disease with
confidence (Labens et al. 2010). Taken together, in the right
hands ultrasonography of the proximal metacarpal/
metatarsal region can certainly serve as a valuable
diagnostic tool but it also has the potential to lead to
misinterpretations.

a) Forelimb: The palmar approach is the most commonly
described approach to ultrasonography of the suspensory
ligament of the forelimb (Pharr and Nyland 1984; Denoix et al.
2008; Werpy and Denoix 2012). The suspensory ligament is
seen as a rectangular structure deep to the ALDDFT in cross
section. The suspensory ligament is wider than the ALDDFT, so
it is impossible to visualise the medial and lateral extent of the
ligament whilst scanning from the palmar aspect of the limb.
Use of medial and lateral approaches utilising the stand-off
pad improves the visualisation of the curved medial and
lateral margins of the ligament (Denoix et al. 2008; Werpy and
Denoix 2012). Representative cross-sectional images of the
proximal suspensory ligament in the forelimb are illustrated in
Fig 3c.

A novel approach for imaging the origin of the suspensory
ligament of the forelimb has recently been described (Coudry
et al. 2008; Werpy et al. 2013). Flexion of the limb relaxes the
palmar structures and allows manipulation of the flexor
tendons, increasing the area of contact for the ultrasound
probe and thus allowing the entire suspensory ligament to be
imaged as one (Werpy and Denoix 2012). Utilising the
off-incidence artefact in this position allows better
characterisation of the fat and muscle bundles within the
proximal portion of the ligament. When the probe is
off-incidence (i.e. at an oblique angle to the longitudinal axis
of the ligament) the ligament fibres appear hypoechoic, but
fat and muscle tissue remain comparatively hyperechoic,
allowing differentiation between the 2 tissue types (Fig 6;
Werpy et al. 2013). Areas of abnormal echogenicity, typically
hypoechoic, are expected to appear hyperechoic with the
probe off-incidence probably representing chronic change
and malaligned collagen fibres; however, further histological
evaluation is required to confirm this.

b) Hindlimb: A plantaromedial approach has been shown to
be superior to the strictly plantar approach, as
plantaromedially the ligament lies closer to the skin surface
and the acoustic window is larger (Denoix and Farres 1995).
The flexed approach to scanning the proximal aspect of the
hindlimb suspensory ligament has been briefly described
(Werpy and Denoix 2012). The current authors feel that the
advantages of the technique are similar to those documented
in the forelimb and routinely utilise off-angle imaging in
their assessment with the animal either weightbearing or the
leg partially flexed, resting on the dorsal aspect of the
hoof capsule. An example for weightbearing/off-
angle imaging can be appreciated on the basis of the
provided ultrasonographic cine loop (Supplementary
Item 3). The plantarolateral border of the ligament appears
heteroechogenic and irrespective of the angle of the probe
does not adopt the typical hypoechogenic appearance
(arrow). An immediately adjacent area showing sonographic
edge artefact caused by the medial head of the deep
digital flexor tendon should not be utilised to compare
echogenicity patterns. On comparative high field MRI (insert in
Supplementary Item 3) the location of abnormal signal
coincides with the area suggestive of a lesion using
ultrasonography.

Ultrasonographic abnormalities
Enlargement of the ligament, poor definition of margins, well
circumscribed core lesions, diffusely decreased echogenicity
and multiple poorly defined hypoechoic areas have all been
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described as consistent with injury to the origin of the
suspensory ligament (Dyson 1991). Regions of injury within the
suspensory ligament fibres will appear as areas of decreased
echogenicity and areas of fibrosis within the ligament will
remain hyperechogenic regardless of the beam angle (Werpy
and Denoix 2012). The most frequent ultrasonographic
abnormalities detected in a recent study of hindlimb PSD were
centrodorsal hypoechogenicities of the proximal part of the
suspensory ligament (Labens et al. 2010). However, given the
normal anatomy and the presence of a hilus at this location,
this sonographic abnormality has to be interpreted carefully,
especially since ultrasonography is less accurate for localising
lesions than it is for making the correct diagnosis (Labens et al.
2010). Therefore to avoid over-interpretation of subtle changes
in echogenicity and maintain diagnostic validity concurrent
changes in ligament size are required, a parameter known to
be more reliable (Labens et al. 2010; Zauscher et al. 2013).
Abnormal transverse ultrasonographic images of the proximal
suspensory ligament representative of PSD and confirmed by
MRI can be appreciated in Fig 5c.

iv) MRI
Numerous papers have described the MRI anatomy of
the proximal metatarsal and metacarpal regions (Sampson

and Tucker 2007; Nagy and Dyson 2009, 2011, 2012a; Brokken
and Tucker 2011; Schramme et al. 2012; Werpy and Denoix
2012). Others have described the appearance of the
proximal metacarpal and metatarsal regions in lame
limbs (Zubrod et al. 2004; Brokken et al. 2007, 2011; Sampson
and Tucker 2007; Coudry et al. 2008; Labens et al. 2010;
Werpy and Denoix 2012; Nagy and Dyson 2012a). Certainly,
high field MRI has been found to be superior to
ultrasonography when it comes to assessing the size, shape
and composition of the proximal suspensory ligament in lame
limbs (Labens et al. 2010) and limbs free of disease
(Bischofberger et al. 2006; Schramme et al. 2012; Werpy et al.
2013). It is because of this superior anatomical resolution that,
if available, high-field MRI is becoming the diagnostic
imaging modality of choice (Schramme et al. 2012).
Examples of transverse low- and high-field MR images of the
normal proximal metatarsal and metacarpal area can be
appreciated in Fig 3 and 4a/b. Supplementary material
illustrates the normal high-field MR appearance of the
proximal suspensory ligament in more detail (Supplementary
Item 4).

Magnetic resonance changes characteristic of PSD
include changes in shape, size and signal intensity.
Enlargement of the ligament, with high signal present within

Fig 3: Comparison of low field magnetic resonance imaging (MRI), high field MRI and ultrasonographic images of the proximal metacarpal
region at similar levels. Distal is to the left of the panel. Lateral is to the left of the images. a) Transverse low field MR images of a normal
proximal metacarpal region, acquired under standing sedation (T1W GRE TRA FAST). b) Transverse high field MR images of a
normal proximal metacarpal region, acquired under general anaesthesia (proton density). c) Transverse ultrasonographic images of a
normal proximal metacarpal region. The images were acquired with a 10 MHz linear transducer.
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the ligament are common findings; however, some horses may
have ligamentous enlargement only, highlighting the
importance of imaging both limbs even in cases of unilateral
lameness (Brokken et al. 2007, 2011; Labens et al. 2010). A wide
range of abnormal findings have been reported on MR images
of the proximal metacarpal/metatarsal regions of horses with
lameness localised to this region (Brokken et al. 2007; Labens
et al. 2010; Nagy and Dyson 2012a). Changes may not be
exclusive to the principal origin of the suspensory ligament
(Fig 5c) but also involve the accessory ligament, which is best
identified on MRI (Fig 5d), although a recent paper has
described its appearance ultrasonographically (Dyson 2014).
Similarly low field MRI abnormalities reported in horses in which
lameness was localised to the subcarpal region include soft
tissue injuries between the distal carpal and metacarpal
bones, syndesmopathy of the second and third metacarpal
bones, osseous abnormalities of the palmar cortex of McIII
and/or distal carpal bones (Nagy and Dyson 2012a).

Magnetic resonance abnormalities representative of
osseous involvement are reduced signal within the
palmar/plantar cortex of Mc/MtIII on PD, T1, T2 and
T2*-weighted sequences, which is thought to represent
endosteal reaction and chronic injury at the origin of the
suspensory ligament (Labens et al. 2010; Brokken et al. 2011;
Nagy and Dyson 2012a). High signal intensity on STIR
sequences in this region has also been reported (Brokken et al.
2007, 2011; Labens et al. 2010). In standing low-field systems,
acquisition of fat suppressed sequences may be more
problematic due to the increased movement artefact seen. In
these cases, using the 0.27T system widely available for
standing equine imaging (EQ2)1

, acquisition of T2*W
sequences in order to assess the fat-water phase cancellation
artefact may aid the assessment of the ligament’s origin
(Brokken et al. 2011). An example of endosteal reactions
characteristic of bone remodelling can be seen in Fig 5c (RH).
More detail on the abnormal high-field MRI appearance of the

Fig 4: Comparison of low-field magnetic resonance imaging (MRI), high-field MRI and ultrasonographic images of the proximal metatarsal
region at similar levels. Distal is to the left of the panel. Lateral is to the left of the images. a) Transverse low-field MR images of a normal
proximal metatarsal region, acquired under standing sedation (T1W GRE FAST). b) Transverse high-field MR images of a normal proximal
metatarsal region (proton density; A = superficial digital flexor tendon; B = deep digital flexor tendon). c) Transverse ultrasonographic
images of a normal proximal metatarsal region, the proximal suspensory ligament is delineated in green.
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suspensory ligament can be found in the supplemental online
materials (Supplementary Item 5).

Standing low-field MRI is increasingly available worldwide.
The imaging features of proximal metacarpal and metatarsal
pain have not been thoroughly described using this modality;

however, a recent paper has outlined the anatomical features
of the proximal metacarpal region and compared high- and
low-field MRI (Nagy and Dyson 2009) and a further study
demonstrated a range of MRI abnormalities in lame horses
primarily using a standing low-field system (Nagy and Dyson

Fig 5: Abnormal images of the proximal metatarsal region from one horse diagnosed with desmitis of the origin of the suspensory ligament.
a) Dorsoplantar radiographs of the left and right tarsi/metatarsi showing marked increased radiopacity of the proximal aspect of the left
and right third metatarsus. b) Pool phase (top) and bone phase scintigrams of the proximal metatarsal region of the same horse as (a).
There is moderate focal increased radiopharmaceutical uptake at the origin of the suspensory ligament during both the pool and bone
phases. c) Comparative ultrasonographic and magnetic resonance images of the left and right proximal suspensory regions of the same
horse as (a) and (b). The proximal suspensory ligament is delineated in green in the ultrasonographic images. There is enlargement of the
proximal suspensory ligament, left more so than right, and diffuse ill-defined hypoechogenicity of the dorsal portion of the ligament in both
hindlimbs. This corresponds to the ill defined areas of increased signal seen dorsally on the corresponding magnetic resonance images.
d) The white arrow points to a focal signal increase in the accessory ligament of the suspensory ligament, probably representing proximal
extension of the lesions seen in (c).

Fig 6: Ultrasonographic images of
the proximal metacarpal (left) and
metatarsal (right) regions acquired
with the limb semiflexed and the
probe angled to be off incidence to
the suspensory ligament. Lateral is
to the left of the images. The
suspensory ligament appears
hypoechogenic in both images with
more central hyperechogenic
regions, corresponding to the fat
and muscle bundles within the
ligament (X).
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2012a). Further descriptions of proximal metacarpal and
metatarsal pathology seen in low-field MR images have been
published by Brokken et al. (2011). In the authors’ experience
and in the context of PSD, diagnostic images of osseous
pathology can be obtained, but accurate and reliable image
acquisition of the proximal portion of the suspensory ligament
remains difficult in standing horses with low-field systems,
especially in the hindlimb. Therefore, when the very proximal
extent of the ligament is involved, and provided the
contralateral limb is imaged for comparison, the authors feel
that only changes in the ligament’s size and shape rather than
signal quality can be interpreted accurately.

Conclusions
Desmitis of the origin of the suspensory ligament remains a
challenging diagnosis. We encourage the reader to consider
the limitations of standard diagnostic techniques and to
carefully evaluate their approach to horses with proximal
metacarpal/tarsal pain, considering alternate differential
diagnoses alongside PSD. We feel that the literature does not
support the use of ultrasonography as a fully conclusive
modality for the diagnosis of PSD, unless as demonstrated
disease is advanced. The superior image quality associated
with high-field MRI renders it the imaging modality of choice. In
the case of standing low-field MRI valuable additional
information can be gained over use of ultrasonography alone,
aiding in the selection of further treatments.
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Supplementary Item 1: Transverse sections of an anatomic
specimen at similar levels to Figure 3. A high proximal
metacarpal nerve block was simulated using red dye and the
middle carpal joint was injected with blue dye prior to
sectioning the specimen. The suspensory ligament is outlined in
black.

Supplementary Item 2: Transverse sections of an anatomic
specimen at similar levels to Figure 4. A deep branch lateral
plantar nerve block was simulated using red dye and the
tarsometatarsal joint was injected with blue dye prior to
sectioning the specimen. The suspensory ligament is outlined in
black. The accessory ligament of the suspensory ligament is
delineated in black in the most proximal section.

Supplementary Item 3: Cine loop of weightbearing off
incidence ultrasonography of an abnormal hindlimb
suspensory ligament. Still image: The area of increased
echogenicity that is suspicious of a lesion and corresponds with
an area of abnormal magnetic resonance imaging signal is
denoted with a white arrow. The hyperechogenic areas
marked with an X represent muscle/fat tissue within the
ligament.

Supplementary Item 4: Transverse proton density magnetic
resonance imaging sequence of a normal hindlimb suspensory
ligament. The slices go from distal to proximal. The accessory
ligament of the suspensory ligament is denoted by a white X in
the more proximal slices.

Supplementary Item 5: Transverse proton density magnetic
resonance imaging sequence of an abnormal hindlimb
suspensory ligament. The slices go from distal to proximal. Note
the marked enlargement and increased signal intensity
characteristic of the disruption of normal ligamentous
architecture. There is also marked endosteal reaction at the
origin of the suspensory ligament.
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Summary
The equine first premolar or ‘wolf tooth’ (Triadan 05) is a
normal vestigial tooth, which is often absent, but when
present most commonly lies rostral to the second maxillary
premolar (Triadan 06). The routine extraction of wolf teeth has
been performed historically and is contentious, but clinically
indicated in some instances. This review article aims to
summarise concisely the limited peer reviewed literature on
wolf teeth and to describe the practice of their extraction.
Extraction is usually performed in the standing sedated horse,
and complications are avoided with good surgical planning,
analgesia and instrumentation.

Introduction

Equine dentistry comprises approximately 10% of an equine
practitioner’s time in the UK (BEVA 1965), and in the USA
equine dental problems are considered to be the third most
common problem in large animal practice (Traub-Dargatz
et al. 1991). A study by Loomans et al. (2007) confirmed the
significant role of dentistry in modern equine practice, with
routine dental examinations accounting for 3% of the total
‘hands on’ time in The Netherlands, with only lameness
diagnosis, vaccination, reproduction and prepurchase
examinations accounting for more time than dentistry.
Veterinary surgeons with an interest or further qualifications in
equine veterinary dentistry often spend a higher percentage
of their time in this field, with some working solely in this
discipline.

The first premolar diminished in size and became
uncusped as horses evolved, and fossils from the Epihippus
era (late Eocene, circa 30 million years ago) have a first
premolar that was small and single-rooted (Getty 1975;
Bennett 1992; Easley 2004). In modern equine veterinary and
dental practice vestigial first premolars known as ‘wolf teeth’
(Triadan 05) are commonly present (Floyd 1991; Dyce et al.
2002). The recorded prevalence of wolf teeth varies: 13% in
mature British horses (Baker 1979; Hole and Dixon 2010); 16%
in mature Chilean horses (Munoz et al. 2010); 18.8% in
Australian horses (Wilson and Liyou 2005); 20.6% in Brazilian
horses (Pimentel et al. 2007); 27% in Croatian horses
(Bottegaro et al. 2012); 31.9% in a post mortem study of Irish
horses (Wafa 1988); 34% in a UK radiographic study (Gibbs
and Lane 1987); 42% in Lithuanian draught horses (Maslauskas
et al. 2008) and 40–80% in North American equine dental
practices (Easley 1998, 2004; Johnson 2010).

The prevalence of wolf teeth demonstrates sexual
dimorphism with Colyer (1906) reporting 14.9% prevalence in
males and 24.4% in females. A retrospective study of 70 wolf
tooth extractions by dental practitioners in the UK showed
that the mean age of horses that had wolf teeth extracted

was 1.4 (range 1–5) years; 46% were male and 56% female
(Hole 2012). All 70 wolf teeth extracted were maxillary with 34
of the 36 cases having bilateral maxillary wolf teeth (Hole
2012) (Fig 1). This is similar to the 36 of 45 cases found to have
bilateral maxillary wolf teeth by Gibbs and Lane (1987).
Overall, the limited literature suggests that maxillary wolf teeth
are prevalent (13–80% prevalence) and when present usually
occur bilaterally, and that mandibular wolf teeth are very
rare (Scrutchfield 1999; Brigham and Duncanson 2000a,b;
Dixon and Dacre 2005; Johnson 2010; Hole and Dixon 2010;
Hole 2012) (Figs 2 and 3).

Anatomy and aetiology

These small vestigial premolars are often described as
brachyodont teeth due to their short crown length and
simple structure (Dyce et al. 2002; Easley 2004; Dixon and
Dacre 2005). However, their morphology can vary greatly;
small, large, single rooted, multi-rooted, cusped or of
molariform appearance (Easley 1998) (Fig 4). They do not
have any function in mastication and show different
developmental characteristics and positions. They may be
brachyodont where enamel development finishes at eruption
or occasionally exhibit hypsodont characteristics such as
continued eruption and involvement in mastication (C.
Staszyk, personal communication).

Eruption of wolf teeth generally occurs at age 6–
18 months but may occur up to age 24 months (Easley 1998,
2004; Dixon and Dacre 2005; Johnson 2010). Wolf teeth
appear to have no deciduous precursor, but the low

Fig 1: Extracted bilateral maxillary wolf teeth.

© 2015 EVJ Ltd

344 EQUINE VETERINARY EDUCATION / AE / JUNE 2016

mailto:samhole@yahoo.com


recorded prevalence in mature horses could suggest that
wolf teeth are in fact deciduous dentition (Sisson and
Grossman 1938; Johnson 2010; Griffin 2013). Normally, wolf
teeth are positioned at the rostral (mesial) aspect of the
second premolar (Triadan 06) (Easley 1998; Johnson 2010;

Dixon and du Toit 2011; Griffin 2013) (Fig 2). Wolf teeth may
be present but unerupted or subgingival, commonly termed
‘blind wolf teeth’ (Easley 1998, 2004; Johnson 2010; Griffin
2013). Unerupted wolf teeth are commonly rostrally displaced
(mesially tipped) and can be orientated in a more horizontal
plane (mesial translocation and tipping) as opposed to the
usual vertical orientation.

Wolf teeth have been reported to be small (10–20 mm
long) teeth, with roots varying from 5 to 30 mm in length
(Easley 2004; Dixon and Dacre 2005), and a radiographic study
found a total tooth length of up to 20 mm (Gibbs and Lane
1987). A retrospective descriptive study reported the
dimensions of 65 extracted wolf teeth in their entirety from 2
populations of horses (UK population: n = 30, USA population:
n = 35) (Hole et al. 2014). The median total length was 21 mm
(range 12–34); root length 13.2 (0–19.6) mm; crown height 7 (2–
20) mm; and crown width 7 (2.6–16) mm (Hole et al. 2014). The

Fig 2: ‘Normally’ positioned maxillary wolf tooth.

Fig 3: A mandibular wolf tooth.

Fig 4: A collection of extracted erupted maxillary wolf teeth
showing varied size and morphology.

Fig 5: Extracted large molarised maxillary wolf tooth.

Fig 6: Radiograph of a large maxillary wolf tooth.
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study concluded that the dimensions of these 65 wolf teeth
indicate that the root is usually longer than the crown but that
the dimensions of the clinical crown do not provide a good
estimate of the length of the root (Hole et al. 2014). Clinically,
wolf teeth can be as large as several centimetres in length
(Figs 5 and 6) and with a large crown diameter (Figs 7 and 8).

Wolf teeth disorders

Some practitioners interpret the presence of wolf teeth to be
abnormal, because they are not present in all horses.
However, they are a normal inconsistent, anatomical entity of

the modern equid. Supernumerary wolf teeth are rare but
have been reported (Nickel et al. 1979). Wolf teeth may
become fractured (Fig 9), and wear or iatrogenic reduction
can also cause endodontic trauma (Johnson 2010).

Displacement of wolf teeth from their ‘normal’ position
occurs commonly, usually rostrally (mesially), but also
palatally or buccally (tipped) (Johnson 2010; Griffin 2013).
Rostrally (mesially) displaced wolf teeth appear to be more
likely to be unerupted (S.L. Hole, unpublished data). Hole
(2012) reported that 64 of 70 extracted maxillary wolf teeth
were ‘normally’ positioned, 4 were palatal to the Triadan 06
and 2 buccal to the Triadan 06.

Soft-tissue damage to the commissures of the lips or the
buccal mucosa have been reported from fractured and
displaced wolf teeth (Dixon and Dacre 2005; Johnson 2010).
However, these lesions commonly occur when both wolf
teeth and excessively sharp enamel points of the buccal
aspect of the maxillary cheek teeth are concurrently present.
This clinical question as to whether the presence of the wolf
teeth or the sharp enamel points or both are the clinical
problem would benefit from scientific investigation to aid the
decision as to whether extraction is indicated.

A visual examination of the oral cavity and digital
palpation of the interdental space usually suffices to identify
the presence or absence of erupted wolf teeth (Johnson
2010). Unerupted wolf teeth may present more of a
diagnostic challenge and should be detected
radiographically when not palpable. Radiography can also
be used to differentiate wolf teeth from displaced canine
teeth (Triadan 04), or interdental exostosis or periostitis (Easley
1998; Dixon and Dacre 2005; Johnson 2010; Foster 2013).

Clinical relevance

The domesticated use of horses for sport and recreation
requires communication and contact between horse and
rider. One such contact that dates back to at least 3500 BC
is by using a bit within the interdental space (Anthony and

Fig 8: Radiograph of a maxillary wolf tooth with a large crown
diameter.

Fig 9: A complicated fracture of an extracted maxillary wolf
tooth.

Fig 7: Large crown diameter in maxillary wolf teeth, post mortem
specimen.
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Brown 1991). The type, size and shape of bits used varies
greatly and rein tension moves the bit within the interdental
space to elicit control (Manfredi et al. 2005). It has been
suggested that the bit contacts the first or second premolars
in bridled horses (Cook 1999; Bennett 2011).

Wolf teeth are frequently extracted and the rostral aspect
of the second premolars (Triadan 06) profiled (erroneously
termed bit-seating) with the aim of increasing the horse’s
comfort when wearing a bit (Bennett 2011; Easley 2011). This
practice is probably misguided with no scientific rationale, as
the bit is not normally in contact with any dental structures
(Hole et al. 2012). The extraction of wolf teeth has been
justified to avoid the attributed clinical signs, ranging from
blindness and madness, which were commonly cited in the
middle ages (Easley and Hatzel 2011), to oral discomfort and
bitting problems (Foster 2013; Griffin 2013). Consequently the
following perceived reasons are often cited for the extraction
of wolf teeth: bit contact with the tooth; soft tissue contact
with the tooth; compression of soft tissues between bit and
tooth; bitting and behavioural problems; to allow rostral
profiling of the second premolar (Triadan 06); for tradition;
and due to owner preference (Easley 1998; Gaughan 1998;
Dyce et al. 2002; Dixon and Dacre 2005; Johnson 2010). A
survey by Dixon et al. (2004) reported that 44% of UK owners
elected to have their horse’s wolf teeth extracted routinely.
Extraction of a wolf tooth is indicated if the history and
clinical signs suggest that the wolf tooth is causing a clinical
problem (Wiggs and Lobprise 1997).

Wolf tooth extraction can be controversial and some
practitioners routinely justify the minor surgical procedure to
avoid any potential wolf tooth-related problems in the future
(Scrutchfield 2006). In one study, 34 of 36 cases with wolf
teeth had them extracted, due to owner preference with
only one case also having perceived bitting problems (Hole
2012). However, some horse owners are reluctant to have
them extracted unless a problem is evident. Objective
evidence for many of the cited rationale for wolf tooth
extraction is currently lacking. One study examined
measurements taken from lateral radiographs to assess
possible contact by bits with the second premolar (Triadan
06) and the site occupied by ‘normally’ sized and positioned
wolf tooth (Hole et al. 2012). Only one of the 3 snaffle bits
studied showed a marked positional change in response to
bilateral rein tension and would have impinged upon a
‘normally’ sized and positioned mandibular wolf tooth (Hole
et al. 2012). None of the bits used in the study interacted with
the area of a ‘normally’ sized and positioned maxillary wolf
tooth (Hole et al. 2012). These studies do not support the
practice of bit-seating or the routine removal of ‘normally’
positioned and sized maxillary wolf teeth based on the
assumption that they make direct contact with the bit (Hole
et al. 2012).

Wolf tooth extraction and aftercare

The extraction of wolf teeth should be performed by an
appropriately trained equine dental practitioner in
accordance with any relevant legislation, using the correct
instrumentation and with the horse sedated and regional
anaesthesia implemented (Easley 1998, 2004; Scrutchfield
1999; Johnson 2010; Griffin 2013). Tetanus prophylaxis is
advisable as with any other surgical interventions (Griffin
2013). Wolf teeth can be removed relatively easily using an

appropriate sized elevator, luxator and forceps (Dyce et al.
2002; Scrutchfield 2006; Johnson 2010). In 1 to 2-year-old
horses, the peridontium is weak and not firmly anchored to
the alveolus, therefore it is uncommon to fracture the roots
during extraction, unlike the case in more mature horses
where fracture of the root or apical remnant are more
common (Linkous 2005; Johnson 2010).

The extraction of wolf teeth is almost always performed
orally and can be aided with the use of an oral speculum.
Occasionally radiographs can assist extraction in complex
cases or for unerupted wolf teeth.

When extracting wolf teeth the author adheres to the
following protocol:
• Review the case history including vaccination status and

review any dental radiographs available.
• Perform a full clinical examination including auscultation of

the heart.
• Physically restrain the horse (stocks are useful if available,

but not essential).
• Chemically restrain using i.v. sedation; an a2 agonist

(routinely detomidine at 0.01 mg/kg bwt i.v.) and an
opioid (routinely butorphanol at 0.02 mg/kg bwt i.v.).

• Perform a full oral examination using a mirror or oral
endoscope.

Fig 10: An infraorbital block performed in a standing sedated
patient.

© 2015 EVJ Ltd

347EQUINE VETERINARY EDUCATION / AE / JUNE 2016



• Obtain dental radiographs if indicated due to the
suspicion of unerupted or displaced wolf teeth.

• Place a sterile i.v. catheter for constant rate infusion of an
a2 agonist (routinely detomidine at 0.50 μg/kg bwt/min i.v.,
that is 30 mg detomidine in 500 ml saline at an infusion
rate of 250 ml/h for a 500 kg horse) if the procedure is
anticipated to take an extended duration (usually over
45 min) such as when wolf teeth are large, displaced or
impacted (Hainisch 2001; Love 2013; Michou and Leece
2012a,b).

• Prepare skin by disinfecting with alcohol and perform
required regional anaesthesia (nerve blocks); for maxillary
wolf teeth – an infraorbital block (Fig 10), greater palatine
block and local infiltration (Fig 11); for mandibular wolf
teeth – a mental block and local infiltration (Moyer et al.
2007; Tremaine 2007; Lowder 2012) (Supplementary item 1).

• Administer preoperative analgesia, using a nonsteroidal
anti-inflammatory drug (routinely phenylbutazone at
2.2 mg/kg bwt i.v.), some practitioners also administer
opioids.

• The administration of antibiotics is not usually indicated
(Love 2009).

• Irrigate the oral cavity.
• Sever the gingival attachment around the crown of the

wolf tooth using an appropriately sized gingival elevator;
this can be impeded if the wolf tooth is abutted to the
second premolar (Triadan 06). Do not force an instrument
between the wolf tooth and the second premolar (Triadan
06) as a fracture of the wolf tooth root is likely to occur
(Table 1).

• Once the gingiva is reflected away from the crown use an
appropriate sized surgical luxator to sever the sulcus
attachments, and then the periodontal ligaments. Work
slowly around the crown to progressively sever the
periodontium and loosen the tooth; this may be done with
either firm controlled manual pressure or percussion using a
surgical mallet, or a combination of both (Johnson 2010)
(Fig 12; Supplementary item 2).

• Once significant digital movement of the tooth is
appreciable, the correct sized right-angled extraction
forceps can be used to grasp the wolf tooth as apically as
possible and ease the tooth from its alveolus (Figs 13 and
14).

Great care should be taken when removing palatally
displaced maxillary wolf teeth as their roots lie close to the
greater palatine artery (Easley 1998; Johnson 2010).
Unerupted wolf teeth can be removed by first incising the

Fig 11: Local infiltration around a maxillary wolf tooth in a
standing sedated patient.

TABLE 1: Tips for a successful wolf tooth extraction

DO use adequate sedation
DO use regional analgesia
DO use a head-stand
DO use a head-light
DO use elevators for elevating gingiva
DO use luxators for sectioning the periodonium
DO take your time
DO NOT lever or twist
DO NOT elevate aggressively on the palatal aspect
DO NOT use forceps until the tooth is digitally loose
DO NOT worry if the root fractures
DO NOT worry if small sub-gingival roots are retained
But DO note retained roots on the horse’s dental records

Fig 12: Equipment of the required length and angle used to
loosen a maxillary wolf tooth from its alveolus.
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over-lying gingiva with either a Burgess-type elevator or
preferably a scalpel blade (Johnson 2010). An osteotome
and mallet may be used to remove bone that impedes
access to the wolf tooth (Scrutchfield 2006).

Immediate aftercare includes checking the tooth to
assess if fully extracted and examining the alveolus digitally
and visually using a mirror or oral endoscope (Easley 1998;
Johnson 2010) (Fig 15). The alveolus should then be irrigated
and packed if very large with either human dental impression
material (Splash! Putty)1 or a periodontal dressing (Septo-
pack).2 Food is withheld for 1–2 h to prevent the risk of
oesophageal obstruction post sedation. Soft feed and oral
nonsteroidal anti-inflammatory drugs are advised for 3–
5 days. Antibiotics are usually not indicated unless infection of
the alveolus is present or is an expected complication.
Owners are advised that exercise is withheld for 48 h and to
refrain from placing a bit within the interdental space for 10–
14 days. A follow-up examination is not usually required unless
the alveolus is very large or complications are anticipated.

Post extraction complications

The goal should always be to extract the complete tooth;
however; sometimes this may not be possible, especially in
mature horses or for wolf teeth that have been in wear, as
the root may ankylose to the alveolus and complicate
extraction (Johnson 2010). Deliberate fracture of a wolf
tooth is unacceptable, as this can expose the pulp

Fig 15: Inspection of the alveolus post extraction using a dental
mirror.

Fig 13: Right angled extraction forceps grasping a maxillary wolf
tooth as apically as possible.

Fig 14: Complete extraction of a maxillary wolf tooth.
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(complicated fracture) leading to pulpitis and associated
pain (Johnson 2010). Owners have observed serious
behavioural changes following incomplete wolf tooth
extraction (Dixon and Dacre 2005; Dixon et al. 2009). If the
wolf tooth fractures during extraction (termed an
incomplete extraction), an attempt should be made to
extract the retained root where possible (Gaughan 1998;
Johnson 2010). However, if the retained root is healthy and
well below the alveolar crest, it may be left in situ as it is
unlikely to cause complications, but the owner should be
informed and the complication noted on the horse’s dental
record (Easley 1998; Gaughan 1998; Linkous 2005; Dixon
et al. 2009; Johnson 2010). Retained tooth root fragments
should not be left in situ if infected, as a small animal study
reported that this caused periapical pathology in 66% of
cases, making complete exodontia of infected teeth a
necessity (Moore and Niemiec 2014). In a retrospective
study, wolf teeth were completely extracted without
fracture in 20 of 34 cases, but incompletely extracted in 14
of 34 cases, a fracture incidence of 41% (Hole 2012).
Fractured wolf teeth were found to be smaller in size
compared to those that did not fracture (Hole 2012).

If delayed alveolar healing occurs, the presence of a
retained root or intra-alveolar foreign body (usually fibrous
bedding material or feed) should be suspected, and a
careful examination should be performed (Easley 1998;
Gaughan 1998). Alveolar infection and bone sequestration
are rare but possible complications following the extraction
of large or ankylosed wolf teeth (Gaughan 1998).
Laceration of the gingiva might occur, as might laceration
of the greater palatine artery and this complication is
usually avoided by careful instrument placement and
appropriate sedation and regional analgesia (Gaughan
1998; Johnson 2010). If iatrogenic laceration of the greater
palatine artery does occur, maintain adequate sedation,
raise the head, and apply digital pressure using medical
gauze for 5–10 min (Easley 1998; Dixon et al. 2009). If
haemorrhage persists, a haemostatic dressing (Celox
Veterinary)3 can be held in place. Cases are best placed in
a dark, deeply bedded stable with the head elevated until
the haemorrhage ceases and the sedation has worn off
(Easley 1998; Dixon et al. 2009). Attempting to ligate the
artery is technically difficult and often impossible in the
standing horse after the artery has recoiled (Easley 1998;
Dixon et al. 2009).

Complications can also occur as a result of the regional
analgesia and include: arteriopuncture, venopuncture,
haematoma formation, cellulitis, abcessation, facial paralysis
and neuropraxia (Moyer et al. 2007; Tremaine 2007). These
complications are best avoided by careful aseptic
preparation of the injection site, appropriate physical and
chemical restraint, correct needle placement, and avoiding
excessive volumes of local anaesthetic (Tremaine 2007).

Conclusions

Further studies on the gross and micro anatomy of wolf teeth
are required to improve the current body of literature. The
interaction of the bit, soft tissues and dental structures within
the oral cavity needs to be investigated further also, in order
for a more complete assessment of the scientific rationale for
wolf tooth extraction. However, when indicated wolf teeth
can be successfully extracted in the standing sedated

patient, with complications avoided by good surgical
planning, analgesia, and instrumentation.
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