
American Edition  |  March 2016

in this issue:

The official journal of the  
American Association of  
Equine Practitioners, produced  
in partnership with BEVA.

veterinary
equine

education

From the President’s Desk: Member service and value initiatives break from the gate

Equine odontoclastic tooth resorption and hypercementosis affecting all cheek teeth  
in two horses: Clinical and histopathological findings

The effect of intravenous fresh frozen plasma administration on fibrinogen and  
albumin concentrations in sick neonatal foals



He’s more than just a horse.
To your clients, 
he’s Family.

COSEQUIN ASU PLUS SHELF DISPLAY*

WITH COUPONS & AVAILABLE REBATES!:
Receive one (1) $25 Visa®† Gift Card

with Display Purchase‡

FIRST QUARTER

PROMOTION

Source: Survey conducted in February 2014 of equine veterinarians who recommended oral joint health supplements.
*  Display includes: 6 Cosequin ASU Plus 525 g with attached $ 5.00 off coupon pad.  $7.00 rebate pads available upon request.  †Visa® is a registered trademark of Visa International Service Association.
‡Promotion offered January 1–March 31, 2016. Limit 1 gift card per location unless approved by National Sales Manager. Gift card will ship from Nutramax Laboratories Veterinary Sciences, Inc.
Please allow 6–8 weeks for delivery of the gift card. 

010.1202.01

Trust

01000 12022 01

http://www.nutramaxlabs.com


c o n t e n t s

A m e r i c a n  E d i t i o n

From the President’s Desk: Member service and value initiatives 
break from the gate.................................................................................................................. III

Take a 360° approach to neck problems at summer CE meeting  .......................................... V

Legacy gift repays horse and profession for rewarding career  ............................................VIII

S. WRIGHT  ..........................................................................................................................119

Food for thought
P. A. HARRIS .........................................................................................................................121

Equine odontoclastic tooth resorption and hypercementosis affecting all  
cheek teeth in two horses: Clinical and histopathological findings
N. T. MOORE, W. SCHROEDER and C. STASZYK  .........................................................123

Equine odontoclastic tooth resorption and hypercementosis (EOTRH):  
What do we know?
R. BARATT  ..........................................................................................................................131

Reference intervals for biochemical and haematological parameters in mature  
domestic donkeys (Equus asinus) in the UK
F. A. BURDEN, E. HAZELL-SMITH, G. MULUGETA, V. PATRICK,
R. TRAWFORD and H. W. BROOKS BROWNLIE ............................................................134

Clearance of corticosteroids following intra-articular administration of clinical  
doses to racehorses
H. K. KNYCH, J. A. BLEA, R. M. ARTHUR, L. R. OVERLY and
C. W. MCILWRAITH  ...........................................................................................................140

The effect of intravenous fresh frozen plasma administration on
fibrinogen and albumin concentrations in sick neonatal foals
A. R. HOLLIS, P. A. WILKINS, B. TENNENT-BROWN, J. E. PALMER and
R. C. BOSTON  .....................................................................................................................145

Inguinal percutaneous ultrasound to locate cryptorchid testes
R. P. C. COOMER, D. A. GORVY, S. A. MCKANE and H. WILDERJANS ......................150

Pathogenesis of osteochondrosis dissecans: How does this translate
to management of the clinical case?
P. R. VAN WEEREN and K. OLSTAD .................................................................................155

Nutritional management of recurrent colic and colonic impactions
A. M. HOUSE and L. K. WARREN  ....................................................................................167

TMJ pathology: is it real?
T. H. WITTE  .........................................................................................................................173

 .............................................................................................................166

Cover photo by Dr. Ruth Sobeck.

veterinary
equine

education



Equine Veterinary Education is a refereed educational journal designed to keep the practicing veterinarian up to 
date with developments in equine medicine and surgery. Submitted case reports are accompanied by invited reviews 
of the subject (satellite articles) and clinical quizzes. Tutorial articles, both invited and submitted, provide in-depth  
coverage of issues in equine practice.

Equine Veterinary Education (American Edition ISSN 1525-8769) is published monthly by the American 
Association of Equine Practitioners, an international membership organization of equine veterinarians. Office of 
publication is 4033 Iron Works Parkway, Lexington, KY 40511. Periodicals Postage paid at Lexington, KY and 
additional mailing office. POSTMASTER: Send address changes to: Equine Veterinary Education, 4033 Iron Works 
Parkway, Lexington, KY 40511.

Communications regarding editorial matters should be addressed to: The Editor, Equine Veterinary Education, 
Mulberry House, 31 Market Street, Fordham, Ely, Cambridgeshire CB7 5LQ, UK. Telephone: 44 (0) 1638 720250, 
Fax: 44 (0) 1638 721868, E-mail: sue@evj.co.uk.

All manuscript submissions for the journal should be submitted online at http://mc.manuscriptcentral.com/eve. Full 
instructions and support are available on the site and a user ID and password can be obtained on the first visit. If you 
require assistance, click the Get Help Now link that appears at the top right of every ScholarOne Manuscripts page.

All subscription inquiries should be addressed to: Subscriptions Department, AAEP, 4033 Iron Works Parkway, 
Lexington, KY 40511, Telephone: (859) 233-0147, E-mail: jcooney@aaep.org. Subscription rates: AAEP annual 
membership dues include $40 for a subscription to Equine Veterinary Education. Other subscriptions at $151.80. 
Single copies $37.50.

Canadian Subscriptions: Canada Post Corporation Number 40965005. Send change address information and 
blocks of undeliverable copies to IBC, 7485 Bath Road, Mississauga, ON L4T 4C1, Canada. 

© World copyright by Equine Veterinary Journal Ltd 2016.

The authors, editors and publishers do not accept responsibility for any loss or damage arising from actions or  
decisions based or relying on information contained in this publication. Responsibility for the treatment of horses 
under medical or surgical care and interpretation of published material lies with the veterinarian. This is an aca-
demic publication and should not be used or interpreted as a source of practical advice or instruction.

The American Association of Equine Practitioners cannot accept responsibility for the quality of products or ser-
vices advertised in this journal or any claim made in relation thereto. Every reasonable precaution is taken before 
advertisements are accepted, but such acceptance does not imply any form of recommendation or approval. 

All companies wishing to advertise in Equine Veterinary Education, American edition, must be current AAEP exhibitors. 
AAEP retains the right, in its sole discretion, to determine the circumstances under which an exhibitor may advertise in this 
journal. While all advertisers must comply with applicable legal guidelines, Compounding Pharmacies are specifically 
directed to limit themselves to pharmacy practices as dictated by the FDA Center for Veterinarian Medicine, Compliance 
Policy Guideline (www.fda.gov/ora/compliance_ref/cpg/cpgvet/cpg608-400.html). Advertising any complete or partial 
mimicry of drugs and dosage forms of FDA approved formulations will not be accepted. Compounding Pharmacies, or any 
other exhibitors/advertisers who violate this rule in any fashion, will render their advertising contract null and void.

As a private organization, the AAEP reserves the right to exclude any company from advertising in Equine 
Veterinary Education, American edition, for any reason. The signing and delivery of the advertising contract shall 
constitute an offer subject to acceptance by the AAEP. In its sole and absolute discretion, the AAEP may revoke its 
acceptance of the advertising contract or may terminate any contract by delivery of written notice, in which event 
the AAEP shall have no liability to the advertiser for damages for any other remedy.

Printed by: Cadmus Professional Communications, Lancaster Division, Lancaster, PA.

E q u i n e  v e t e r i n a r y  e d u c a t i o n
A m e r i c a n  E d i t i o n

Editor (UK) 
T. S. Mair, BVSc, PhD, DEIM, DESTS, 
DipECEIM, MRCVS

Editors (USA) 
N. A. White II, DVM 
W. D. Wilson, MRCVS

Management Group 
D. Foley    
T. S. Mair 
N. A. White 
W. D. Wilson    
J. L. N. Wood

Management Board 
A. R. S. Barr S. E. Palmer 
D. Foley N. A. White (US Editor) 
P. Harris S. White 
T. S. Mair (Editor) W. D. Wilson (US Editor) 
P.O. Eric Mueller J. L. N. Wood (Chairman)   
    

American Association of  
Equine Practitioners
4033 Iron Works Parkway  
Lexington, KY 40511

FAX (859) 233-1968
E-MAIL aaepoffice@aaep.org
www.aaep.org

To access our website, go to www.aaep.org,  
click on Members, select LOGIN, then enter your 
e-mail and password or, for first-time visitors, 
enter your e-mail as your Username and your 
member number with the letter ‘a’ in front as  
your Password.
Published monthly. Deadlines are the  
seventh of the preceding month.

2016 AAEP Officers

Kathleen Anderson, DVM, President

R. Reynolds Cowles, DVM, President-Elect

Margo Macpherson, DVM, Vice President

Jack Easley, DVM, Treasurer

G. Kent Carter, DVM, Immediate Past President

AAEP Staff

David Foley, CAE, Executive Director 
dfoley@aaep.org

Lori Rawls, Director of Finance & Operations 
lrawls@aaep.org

Sally J. Baker, APR, Director of Marketing  
& Public Relations

Keith Kleine, Director of Industry Relations 
kkleine@aaep.org

Nick Altwies, Director of Membership 
naltwies@aaep.org

Sue Stivers, Executive Assistant 
sstivers@aaep.org

Carey Ross, Scientific Publications Coordinator 
cross@aaep.org

Amity Brannock, Communications Coordinator 
abrannock@aaep.org

Dana Kirkland, Sponsorship and Advertising  
Coordinator

Deborah Miles, CMP, Meetings Coordinator 
dmiles@aaep.org

Elaine Young, Student Programs Coordinator 
eyoung@aaep.org

Pam Shook, Foundation Programs Coordinator 
pshook@aaep.org

Cynthia Hinkle, Office Manager 
chinkle@aaep.org

John Cooney, Publications Coordinator 
jcooney@aaep.org

Jodie Bingham, Foundation Development Coordinator 
jbingham@aaep.org

Chelsea Smith, Member Engagement Coordinator 
csmith@aaep.org

Megan Gray, Database Services Coordinator 
mgray@aaep.org

Kristin Walker, Member Relations 
kwalker@aaep.org

All advertising inquiries should be addressed to:  
Dana Kirkland (859) 233-0147  
dkirkland@aaep.org

AAEP Mission Statement: To improve the  
health and welfare of the horse, to further the  
professional development of its members,  
and to provide resources and leadership for  
the benefit of the equine industry.

Assistant Editors 
F. Andrews 
D. Archer 
F.T. Bain 
A.R.S. Barr 
A. Blikslager 
M. Bowen 
N. Cohen
V. Coudry
A. Dart 
J.-M. Denoix 
T. Divers 
P. Dixon 
W. Duckett  
B. Dunkel 
S. Dyson 
T. Fischer 
D. Freeman
T. Greet 
R. Hanson 
P. Harris 
M. Hillyer 
M. Holmes 
N. Hudson 
P. Johnson 
P.T. Khambatta

J.-P. Lavoie 
S. Love 
M.J. Martinelli
I.G. Mayhew 
M. Mazan
C.W. McIlwraith 
B. McKenzie
R. Moore 
A. Parks 
S. Puchalski 
C. Riggs 
H. Schott 
J. Schumacher 
S. Semevelos 
J. Slater
B. Sponseller 
C. Sweeney 
H. Tremaine 
S. Weese 
R. Weller
P. Wilkins
C. Yao

Ex-officio 
J. Cooney

mailto:sue@evj.co.uk
http://mc.manuscriptcentral.com/eve
mailto:jcooney@aaep.org
http://www.fda.gov/ora/compliance_ref/cpg/cpgvet/cpg608-400.html
mailto:aaepoffice@aaep.org
http://www.aaep.org
http://www.aaep.org
mailto:dfoley@aaep.org
mailto:lrawls@aaep.org
mailto:sbaker@aaep.org
mailto:kkleine@aaep.org
mailto:naltwies@aaep.org
mailto:sstivers@aaep.org
mailto:cross@aaep.org
mailto:abrannock@aaep.org
mailto:dkirkland@aaep.org
mailto:dmiles@aaep.org
mailto:eyoung@aaep.org
mailto:pshook@aaep.org
mailto:chinkle@aaep.org
mailto:jcooney@aaep.org
mailto:jbingham@aaep.org
mailto:csmith@aaep.org
mailto:mgray@aaep.org
mailto:kwalker@aaep.org
mailto:dkirkland@aaep.org


EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2015 IIIEQUINE VETERINARY EDUCATION / AE / MARCH 2016 III

From the President’s Desk: Member service and value initiatives break from the gate

Greetings! By the time you receive this edition of EVE, 
many of you will be plunged into spring work and 2016 
will be rolling forward at a rapid pace.

Precisely the same pace 
exists within your organiza-
tion on all levels: board, 
committees, task forces, 
members, staff and, of 
course, myself. Key discus-
sions focus on unpacking 
the strategic plan objectives 
for 2016 in the five areas:

Communications: A com-
munication assessment to 
be completed by the end of 
the second quarter will help 
to guide increased user 
friendliness and efficiency 
of our website, timeliness of 
AAEP communication about industry issues, and possible 
introduction of apps for members.

Membership Value: AAEP Touch will continue to roll out 
initiatives that help you strengthen your relationships 
with clients. The newest resource—the “Difficult 
Conversations” video series—debuted in January, and we 
will be exploring the expansion of the Touch program to 
veterinary technicians with the goal of creating more 
access to these valuable client tools for everyone in your 
practice. The AAEP will also be investigating additional 
opportunities to create cost savings for members on the 
products and services used every day in practice.

Wellness: AAEP will be participating in the March AVMA 
Wellness Round Table to delve into veterinary-related 
wellness issues. Our 2015 convention keynote speaker Dr. 
Dan Siegel scratched the surface of wellness with equine 
practitioners; and we will continue in 2016 to work to 
develop resources and recognition to assist with work-life 
balance and members’ physical and mental health.

Promotion of the Profession: AAEP will expand its 
outreach to other industry stakeholders on the value of the 
equine veterinarian. We will partner with our many stake-
holders within breed and discipline organizations, equine 
industry groups and various media outlets to promote 
why using equine practitioners is better for the health and 
welfare of the horse versus the perceived value horse 
owners may feel is provided by using lay individuals.

Education: The 2015 CE Needs Analysis survey enabled 
AAEP members to declare the medical topics of most 
importance to them. Although the rankings were similar 
to the results from 2010, the topic of business 
management was differentiated by stage of practice life; 
and ethics was identified as an important topic, with 
interest in case-based ethical dilemma panel discussions. 
This rolls nicely into the 2016 convention, which will 
feature business sessions on the topic of “Transitions,” an 
ethics keynote speaker and a later session of panel Q&A 
on ethical practice scenarios. 

Other areas of action:

AAEP: The AAEP has formed an economic task force to 
collaborate with AVMA to release a 2016 survey identify-
ing economic factors of equine practice that can be 
addressed to improve our members’ economic health—
employment, debt and business models, including client-
patient differences. Be sure to participate when you 
receive this e-mail survey request.

Economics of Veterinary Medical Education Summit: 
AAEP will participate in this student debt discussion in 
April at Michigan State University to seek to identify 
action steps to address this concern that impacts our 
profession at all levels.

Equine Disease Communication Center: The EDCC and 
the AAEP Foundation’s EDCC advisory subcommittee 
will be supported by a newly formed AAEP Infectious 
Diseases Committee charged with monitoring and 
updating disease information for both www.aaep.org  
and www.equinediseasecc.org.
 
EIPH Research Initiative: Findings will facilitate collabo-
ration of leading research scientists and funding sources 
in a quest for a united stakeholder focus on this pivotal 
piece of performance horse health.

Rounds: There have been some great discussions and cases 
presented in the online Rounds this year. If you have not 
visited your area of interest, I encourage you to “lurk” or 
contribute as we all benefit from this participation.

To conclude, AAEP remains actively engaged in many 
actions with you, the member, as the primary focus. Stay 
tuned and let us know if there is more we can do.

Parting thought: “The greatest danger to our future is 
apathy.”—Jane Goodall

Dr. Kathleen Anderson

By Kathleen Anderson, DVM

http://www.aaep.org
http://www.equinediseasecc.org
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Warm sun and turquoise Caribbean waters greeted the 78 
practitioners and their guests who ventured to the island 
paradise of Barbados for the AAEP’s 18th Annual Resort 
Symposium, Jan. 25-27. 

The small, relaxed nature of the meeting provided an 
ideal setting for interactive discussions and consumption 
of diagnostics, treatments and techniques in the areas of 
equine dentistry, foal medicine and lameness in the per-
formance horse. Meanwhile, sunny weather and tempera-
tures in the 80s made sunscreen a priority for afternoon 
group excursions or simply lounging around the pool or 
beach.

If you missed your chance at a laid-back, tropical recess 
from practice this winter, you’ll have another opportunity 
to feel the sand between your toes in early 2017 at a 
location to be announced in an upcoming issue.

The AAEP thanks IDEXX, Luitpold Animal Health and 
Merial for their sponsorship of the 18th Annual Resort 
Symposium and support of equine continuing education.

Resort Symposium attendees fuse sun and science in Barbados

Birgit Hofman, left, and Dr. Sophia Parzer traveled from 
Germany to attend the Resort Symposium in Barbados.

Touch Point: ‘Getting to Know the Sport’ videos help you learn your client’s business

If your client is a competitor or a 
professional horseperson who makes 
his or her living in the horse industry, 
your expertise about the sport or 
breed in which they’re involved is 
important to their satisfaction with 
your services. 

According to the AAEP’s market research, owners who are 
satisfied with their veterinarians are substantially more 
likely than those who aren’t satisfied to say that their vet-
erinarian “understands my business.”

Of the 19 attributes tested in our research with owners 
and trainers, “my veterinarian understands my business” 
was among those with the largest difference in ratings 
between the satisfied and the dissatisfied.  

Gaining the necessary expertise about your client’s 
business can be as easy as attending a horse show or 
researching a discipline on the Internet. It just requires the 
willingness to learn more about the things most important 
to your clients.

Get started by watching the Touch program’s video  
series, “Getting to Know the Sport,” featuring the newest 
videos on the discipline of Standardbred racing. The  
series provides an introduction to several disciplines 
within equine sport and offers advice from an experi-
enced veterinarian and trainer in each discipline.  
All Touch resources are available exclusively to AAEP 
members at touch.aaep.org.

http://touch.aaep.org
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Cervical spine issues are more 
common than realized, particularly 
in sport horse and Western perfor-
mance disciplines. However, a 
definitive diagnosis of the source of 
neck pain can challenge even the 
mid- to high-level practitioner, 

especially when distinguishing between axial and 
peripheral pain.

The AAEP’s 360° Pain in the Neck – What’s the Story 
From Anatomy to Treatment will immerse you in an 
interactive, small-group exploration of neck problems, 
with a focus on in-the-field, hands-on diagnostics and 
therapeutic modalities. Diagnostics will include X-rays 
and ultrasound along with exploration of the use and 
timeliness of advanced imaging. Therapeutic modalities 
will range from rehabilitation and physical exercises to 
joint injections and injections around problem areas.

Afternoon wet labs using cadavers and normal horses will 
supplement morning lectures and instill confidence and 
proficiency in understanding the anatomy, imaging the 
anatomy, diagnosing different pathologic findings and 
administering treatment. On the final day, you will put 
your newly acquired skills to the test by working up 
unknown clinical cases on real horses to arrive at the 
correct diagnosis and treatment on your own.

This unique, high-end course is limited to 20 participants 
to create an exceptional learning experience. The faculty 
encompasses leading authorities from both private 
practice and academia in the areas of anatomy, imaging, 
clinical and alternative therapies. Evening social events 

with the instructors will facilitate further discussions and 
formation of enduring professional relationships. 

360° Pain in the Neck – What’s the Story From Anatomy 
to Treatment will be held June 19-22 at Colorado State 
University, which is on the forefront of axial pain 
management. Early registration is encouraged due to the 
limited attendance of this meeting. Registration will open 
soon at www.aaep.org/info/360-neck, from which you 
can acquire additional information about the meeting.

360° Pain in the Neck –  
What’s the Story From  
Anatomy to Treatment  
is sponsored by:

Take a 360° approach to neck problems at summer CE meeting

AAEP student members and recent 
graduates in their first year of practice or 
internship are invited to submit case pre-
sentations to be featured as educational 
resources on the AAEP website. The 
primary authors of two selected presenta-
tions will receive complimentary registra-

tion and a $500 travel stipend to attend the 62nd Annual 
Convention, Dec. 3-7, 2016, in Orlando, Fla.

Presentations must be submitted in PowerPoint format. 
There is no limit to the number of case studies that may 
be submitted; however, a primary student or first-year 
graduate author must be identified for each submission. 

Submissions will be evaluated by members of the 
Educational Programs Committee and selected on the 
basis of quality and educational merit. Participants are 
encouraged to work with mentors in the preparation and 
review of their submissions.

Instructions for submission and a case study template can 
be requested from Carey Ross, scientific publications 
coordinator, at cross@aaep.org. Examples of case presen-
tations are available at www.aaep.org/info/case-studies.

Submissions are due by May 2 and should be sent to 
cross@aaep.org. Winners will be announced by 
September. 

Students and new grads: Punch your convention ticket with case study contest

http://www.aaep.org/info/360-neck
mailto:cross@aaep.org
http://www.aaep.org/info/case-studies
mailto:cross@aaep.org
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Delegate Corner: AVMA GHLIT relaunched as AVMA LIFE

The winter session of the AVMA House of Delegates 
convened Jan. 8-9 in Chicago, Ill., in conjunction with the 
Veterinary Leadership Conference. Dr. Cynthia MacKenzie 
and I represented the AAEP at the HoD meeting, with 
AAEP President Dr. Kathleen Anderson, AAEP Leadership 
Development Committee Chair Dr. Rachel Cezar, AAEP 
Executive Director David Foley and emerging leader Dr. 
Brad Tanner also in attendance for the conference.

Two resolutions on behalf of the profession were 
considered during the HoD meeting. The first concerned 
revision of the AVMA policy on Free-roaming Abandoned 
and Feral Cats. Dr. MacKenzie and I carefully considered 
the AAEP position on this amendment in attending our 
Allied Caucus Meeting prior to the HoD Session, with 
particular focus on proposed language relating to the 
optional use of euthanasia in certain situations to control 
population numbers and protect interests of animal and 
public health. We voted in favor of this resolution due to its 
alignment with the AAEP position on euthanasia in 
addressing the unwanted horse issue. The resolution passed.

The other considered resolution pertained to communica-
tion by HoD members with their AVMA-member constitu-
ents who may not belong to their state VMA. The 
approved resolution addresses concerns of HoD members 
that they may not be reaching all AVMA members in their 
state when they use state VMA contacts. 

The plenary session included the rebranding of AVMA 
GHLIT as AVMA LIFE, which you are encouraged to 
evaluate for your personal insurance needs as a member 
benefit of AVMA at www.avmalife.org; and recognition of 
the 50th anniversary of the Association of American 
Veterinary Medical Colleges, which is presided over by 

AAEP Past President Dr. Eleanor Green, dean of the 
College of Veterinary Medicine at Texas A&M University.

Following the meeting, we learned of the impending 
retirement of Dr. Ron DeHaven as executive vice president 
and CEO of the AVMA in summer 2016. He has been a 
good friend to the AAEP over the years, and we wish him 
well in his retirement.

As always, Dr. MacKenzie and I appreciate the privilege to 
represent the AAEP and its members within the HoD. Please 
reach out to us if we can ever answer any questions or 
address any concerns you might have relative to the AAEP’s 
role in shaping policy for the profession at the AVMA.

Dr. Brown is a partner in Hagyard Equine Medical 
Institute in Lexington, Ky. He serves on the AAEP board 
of directors, on the Welfare and Public Policy Advisory 
Council and as alternate delegate to the AVMA House  
of Delegates.

By Stuart Brown II, DVM

From left: AAEP member and AVMA Treasurer Dr. Barbara 
Schmidt, Dr. Stuart Brown, Dr. Cynthia MacKenzie, Dr. Brad 
Tanner, David Foley, Dr. Kathleen Anderson and Dr. Rachel 
Cezar.

Member in the News

Dr. Chuck Barry installed as chairman of Missouri VMA

Dr. Charles L. (Chuck) Barry, owner of Lifetime Animal 
Center in Warrensburg, Mo., was installed as board 
chairman of the Missouri Veterinary Medical Association 
(MVMA) during its annual convention Jan. 21-24. 

Dr. Barry is immediate past president of the MVMA and 
also chairs the Nominations, Budget and Long Range 
Planning committees. An AAEP member since 2000, Dr. 
Barry received his veterinary degree in 1987 from the 
University of Missouri.

Dr. Chuck Barry (left) receives the past president plaque from 
2016 Missouri VMA President Dr. Mel Falk.
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Recognize an exceptional colleague with an AAEP award nomination

The AAEP annually honors difference makers who go 
above and beyond in their service to the horse, profession 
and association. Before these special individuals can be 
honored, however, they must be nominated. That’s where 
you come in! 

Nominations are being accepted until June 1 for the 
following awards:

AAEP Research Award
Distinguished Educator – Academic Award 
Distinguished Educator – Mentor Award 
Distinguished Service Award
George Stubbs Award 
Sage Kester Beyond the Call Award
The Lavin Cup (The Equine Welfare Award)

A description of each award, list of past recipients and a 
link to the nomination form is accessible at www.aaep.org/
info/aaep-annual-awards. A nomination form is also 
available by contacting Sue Stivers at (859) 233-0147 or 
sstivers@aaep.org. 

Award recipients will be honored at the AAEP’s 62nd 
Annual Convention, which will be held Dec. 3-7 in 
Orlando, Fla., at a new location—the Orange County 
Convention Center.

Organizations that share the spirit of the AAEP 
Foundation’s mission to improve the welfare of the horse 
are encouraged to apply for funding for the 2016 grant 
cycle. Applications are due April 1, one month earlier 
than in the past, and will be reviewed by the AAEP 
Foundation Advisory Council during its summer meeting. 

Application instructions, requirements and selection 
criteria are available through the “Apply for Funding” 
link at www.aaepfoundation.org. Applicants approved for 
funding will be announced in August.

The Foundation accepts requests for funding when these 
requests help facilitate accomplishment of its mission. 
Priority is given to requests having the greatest impact on 
the welfare of multiple horses on a national or interna-
tional scope.

The Foundation has distributed more than $3.3 million 
since 1994 in support of its mission, including $350,320 
in 2015 for 26 projects and programs ranging from schol-
arships and equine laminitis research to Equitarian 
workshops and unwanted horse programs. 

To learn more, visit www.aaepfoundation.org or contact 
Jodie Bingham, Foundation development coordinator, at 
(859) 233-0147 or jbingham@aaep.org.

Clock is ticking to apply for funding from the AAEP Foundation 
Grant applications due April 1

Funds from the AAEP Foundation support student program-
ming at the annual convention and summer Focus meeting.

Dr. John W. Lee Jr., right, receives the 2015 Distinguished 
Educator – Mentor Award from 2015 AAEP President Dr. G. 
Kent Carter at the 61st Annual Convention in Las Vegas, Nev.

http://www.aaep.org/info/aaep-annual-awards
mailto:sstivers@aaep.org
http://www.aaepfoundation.org
http://www.aaepfoundation.org
mailto:jbingham@aaep.org
http://www.aaep.org/info/aaep-annual-awards
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Legacy gift repays horse and profession for rewarding career

Dr. Stuart Brown, partner at Hagyard Equine Medical 
Institute in Lexington, Ky., is fulfilling his childhood goal 
to practice equine veterinary medicine in his native Central 
Kentucky. From his formative teenage years to this day, 
the AAEP and its members have been of direct and 
indirect consequence by offering 
encouragement, mentorship, leadership 
opportunities and, when needed most, 
compassion and support. 

When reassessing life’s priorities  
following a personal loss, Dr. Brown 
decided to invest long-term in support 
of the horse and veterinary medicine 
by pledging a portion of his estate to 
the AAEP Foundation and becoming a 
member of its Legacy Society. Dr. 
Brown recently discussed his bequest 
and emphasized the enduring influence 
that planned gifts to the Foundation 
will have on the welfare of the horse, 
the profession and AAEP members.

Describe the important role horses 
have played in your life—both  
personally and professionally.
I have been actively involved with 
horses since the age of 13 working in the Thoroughbred 
industry. Through those experiences, I was befriended by 
several of the principals of Hagyard, Davidson and 
McGee who took an interest in my path toward 
becoming an equine practitioner. Coupled with the 
mentorship of many of the leading central Kentucky 
horsemen who were clients of HDM, the lessons learned 
have led to the realization of my goal to practice equine 
veterinary medicine in that region. Throughout, the 
sustaining passion for all things about the health and care 
of the horse has been central to all of my life relation-
ships from professional to personal.

Is there an important moment, person or special reason 
connected with AAEP that may have influenced your 
decision to include the AAEP Foundation in your  
estate plans?
I have had the good fortune to be mentored by several of 
my colleagues through my involvement with the AAEP. 
These relationships have been the cornerstone of my 
involvement in organized veterinary medicine and set a 
course for me toward servant leadership in our profession. 
When I experienced the sudden loss of my wife Christine, 
these people from my AAEP family were the ones who 
provided support and encouragement through that event. 
Their lessons in support of AAEP and its members go 
beyond the call. 

From your perspective, how has the work of the AAEP 
Foundation influenced the welfare of the horse?
The Foundation has provided the key contributions to 
timely research needed by equine practitioners to care for 
their patients. It has assisted in the mission of helping 

horses around the world through its 
Equitarian projects. Finally, the support 
of scholarships continues to allow the 
AAEP to invest in the next generation 
of practitioners who will become the 
future of our AAEP.

What legacy do you hope to leave 
through your estate gift?
My hope is that a planned gift will 
further the already strong mission of 
the AAEP Foundation. Its structure 
represents a sustainable model of 
engagement by its members, working 
with a dedicated staff that gives me 
confidence in its direction and inspires 
me to support beyond my lifetime. I 
am also hopeful that my actions might 
inspire others to consider joining me 
in incorporating the AAEP Foundation 
into their estate planning.

If you’d like, talk about the steps, considerations or 
thought process that went into your planning.
Honestly, as I reflected on my personal situation after the 
loss of my wife, I began to analyze the things important to 
me in my own mortal life. The AAEP and its Foundation 
resonated with me and mobilized my thoughts to 
contribute to its existence for future generations of 
colleagues. I just wanted to “do my part” to help this 
organization flourish for years to come.

What advice would you like to share with other members?
It would be to encourage others to consider the impact the 
AAEP Foundation has on horses, our profession and its 
members when making estate plans. My decision has 
given me a deep sense of satisfaction and comfort that I 
have contributed as a part of the Legacy Society.

P.S.: United by our shared passion for the horse, the 
sincerity of the members of the AAEP as stewards for the 
horse has shaped the outcome of my life. It is through 
this realization that I encourage others to join me in the 
mission of the AAEP Foundation.

Interested in joining the Legacy Society? Contact  
Jodie Bingham, Foundation development coordinator,  
at (859) 233-0147 or jbingham@aaep.org for additional 
information; or visit www.aaepfoundation.org.

Dr. Stuart Brown

mailto:jbingham@aaep.org
http://www.aaepfoundation.org
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The AAEP welcomes new members and congratulates recent graduates

New Members:

Kristie Anderson, DVM, Santa Fe, TX 
Ardis Ardiel, DVM, Meaford, ON, Canada 
Karen Behrens, DVM, Stade, South Africa 
Susanne C. Fouse, DVM, Richlands, NC 
Prabhu Ganesan, DVM, Nagapattinam-DT, India 
Terry Hewett, DVM, Davis, CA 
Yasmin Mahmood, DVM, Bridgeton, NJ 
Harmony McPherson, DVM, Mount Shasta, CA 
Bruce Pedersen, DVM, Watford City, ND 

Recent Graduates:

Becky Combs, DVM, Shelbyville, KY 
Wendy Coon, DVM, Cameron, NC 
Sarah Gray, DVM, San Antonio, TX 
Courtney Noonan, DVM, Hazard, KY 
Stephanie Peetz, DVM, Ames, IA 
Tarah L. Satalino, DVM, Wirtz, VA 
Katelyn Woodrow, DVM, Califon, NJ

AAEP Educational Partner Profile: Zoetis   

Strong veterinarian-patient-client relationships are essential for a healthy veterinary practice. Building on a six-
decade history and a singular focus in animal health, Zoetis works every day to be a comprehensive resource for 
equine veterinarians throughout the world. Zoetis knows that horses are a 24/7 passion and is proud to offer quality 
products, services and an unmatched commitment to your business.

As a longtime educational partner with the 
AAEP, Zoetis is also a key supporter of the 
AAEP Foundation. Zoetis sponsors the AAEP 
Foundation Scholarship for students and matches 
donations to the AAEP Equine Memorial Giving 
program. Additionally, Zoetis is proud to sponsor 
the American Association of Equine Veterinary 
Technicians and Assistants (AAEVT) and awards 
the Laura Primm Scholarship to two veterinary 
technicians annually.

The company’s support of the AAEP and 
AAEVT is a part of the Zoetis Commitment to 
Veterinarians™ platform, which offers assistance 
through training and education, research and 
development, investing in the future of the 
veterinary profession, and philanthropy. 

As a provider of animal health solutions, Zoetis continually encourages horse owners to work with their veterinarian 
to improve the well-being of their horses. Zoetis has developed communications tools including mailers, e-mails and 
more for veterinarians to reach out to their customers through the Wellness Days program to motivate horse owners 
to obtain the routine and risk-based care their horses need. Additionally, the Equine Immunization Support Guarantee 
from Zoetis provides up to $5,000 for reasonable diagnostic and treatment costs if a horse properly vaccinated by a 
veterinarian, using an eligible vaccine, contracts the corresponding equine disease. The company also has created the 
Individualized Deworming™ program, which focuses on veterinary consultation to help determine a personalized 
deworming program for each horse. 

Zoetis contributes to the AAEP Foundation, the American Veterinary Medical Foundation, A Home for Every Horse, 
the American Horse Council, the American Quarter Horse Association Foundation, the Morris Animal Foundation 
and many other educational and equine research programs. 

For more information on how Zoetis supports the equine veterinary industry and works to help horses live long, 
healthy lives, visit www.zoetisUS.com. 

http://www.zoetisUS.com
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Dr. Diane Finch, longtime owner of the Midwest Veterinary Service in northeast Indiana and a 
certified farrier, passed away Jan. 26 at St. Joseph Hospital in Fort Wayne, Ind. She was 55.

After receiving her veterinary degree from Purdue University in 1990, Dr. Finch became a staff 
veterinarian at the International Equine Podiatry Center in Versailles, Ky. For many years, she 
operated the Midwest Veterinary Service, first in Fort Wayne and later in Roanoke. In 2009, she 
became a founding partner of the CFK Equine Hospital in Columbia City, Ind., until forced to 
retire by her progressively worsening multiple sclerosis.

An AAEP member since 1990, Dr. Finch served on the Farrier Liaison and Insurance committees. 

AAEP member Dr. Diane Finch dies at 55

Go behind the science: EVJ podcast

Whether you want to make the best use 
of your time on the road or simply enjoy 
learning, download the February edition 
of the Equine Veterinary Journal 
podcast from iTunes®. 

In the current edition, Dr. Thilo Pfau discusses the paper 
“Movement asymmetry in working polo horses” and Dr. 

Timo Prange discusses the paper “Epiduroscopy of the 
lumbosacral vertebral canal in the horse: Technique and 
endoscopic anatomy.” These papers are accessible at 
http://tinyurl.com/evj2161 and http://tinyurl.com/evj2162, 
respectively.

Search “EVJ” on iTunes to download the current episode 
or subscribe to future episodes.

Aiding family economies, one equid at a time

Dr. Diane Finch

AAEP member Dr. Craig Lesser works on a horse’s hoof while vet 
tech Mickey Bell checks for ear ticks and vampire bat bites during 
the 6th Equitarian Workshop in Costa Rica in late January. More 
than 250 working equids, vital economic engines for families in 
impoverished regions of the country, received much-needed 
veterinary care from a group of 30 volunteer veterinary profes-
sionals. The workshop was among the 26 projects to receive 
financial support from the AAEP Foundation last summer.

http://tinyurl.com/evj2161
http://tinyurl.com/evj2162
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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. 

Membership Benefits

June 19-22, 2016

360° Pain in the Neck –  

What’s the Story from 

Anatomy to Treatment

Fort Collins, Colorado

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

Stay up-to-date with AAEP’s online and digital publications

“The ability to access current and past issues of EVE and the Convention 
Proceedings through both the AAEP’s website and Publications App allows me 
to practice at the highest level possible. I have immediate access to the most 
up-to-date information on current research, on ‘how-to’ procedures and on a 
variety of methods to diagnose and treat a case that I may be working on. Being 
able to easily research any topic has broadened my scope of practice and allowed 
me to be a lifelong learner” —Olivia Rudolphi, DVM, Noble, Ill.

If you have a smartphone or iPad, you have anywhere access to the copious 
research and insights published each month in EVE and annually in the 
Convention Proceedings. 

The current issue of EVE is uploaded to the AAEP’s website and Publications App on or about the 10th of the month, 
while the print issue is still on the press. Proceedings, meanwhile, is available weeks before the print version is mailed 
to members who did not attend the convention. 

EVE and the Convention Proceedings are available from 2006-forward at www.aaep.org/info/publications and from 
January 2014-forward through the AAEP Publications App. Search “AAEP Publications” at the App Store or Google 
Play to download the free app.

Dr. Olivia Rudolphi

AAEP group purchasing program qualifies your practice for substantial savings

As an AAEP member, you are eligible for substantial 
savings on supplies and services to operate your 
veterinary practice. The AAEP and The Veterinary Club 
have partnered to provide all AAEP members with 
access to the industry’s most robust catalog 
of contracts offering substantial, 
quantifiable savings. Discounts 
are available at such companies 
as Verizon, Sprint, UPS, FedEx, 
Staples, Office Depot and Sherwin-Williams.  

Participation in the group purchasing program is free with 
your AAEP membership. Depending on usage, savings 
could exceed the annual cost of your AAEP membership.

To participate, AAEP members must register  
at www.theveterinaryclub.com. 
For more information about this 

membership benefit, contact  
Nick Altwies, membership services 

coordinator, at naltwies@aaep.org.

http://www.aaep.org
http://www.aaep.org/info/publications
http://www.theveterinaryclub.com
mailto:naltwies@aaep.org
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Highlights of recent clinically relevant papers

.Risk factors for injury in Swiss horse racing

This retrospective study by C. Schweizer and colleagues in
Switzerland aimed to evaluate the risk factors related to
clinical injury in various horse racing disciplines in Switzerland.

All race starts in flat, obstacle and trot racing over 4 years
were analysed. This included a total of 17,760 race starts in
1738 races at 10 racecourses. The age, sex, earnings,
distance and time raced, place, jockey/driver, owner, trainer,
track surface type and if grass, the surface conditions were
recorded. Racetrack vets recorded clinical and nonclinical
observations and recorded these with a standardised
‘Veterinary Code system’.

At least one Veterinary Code was recorded for 525
horses: the most common was nonclinical one, i.e. Non-
Starter. The highest incidence of Veterinary Codes was
associated with obstacle races (106/1000 starts), followed by
flat races (27/1000) and then trot races (21/1000).

Multivariable logistic regression models were used to
analyse risk factors in each discipline. Horses were more often
recorded as fallen or pulled up in obstacle races than in other
disciplines. Horses finishing over eighth place had a higher risk
of clinical events than those placed 1–3 in flat, obstacle and
trotting races. In trot racing, gait abnormalities and lameness
were the most common Veterinary Codes recorded and there
was a lower risk of clinical events for runners on Porphyre sand
than on grass. The risk was approximately doubled for those
whose driver was also their trainer. The researchers speculated
that this may be due to trainers feeling more able to take risks
when driving their own horse.

In flat racing, one racecourse had a higher risk of clinical
event than some of the others but no associations were
found relating to the racecourse surface. Obstacle races of
over 2401 m carried a lower risk of injury.

The researchers pointed out that some confounding
factors may account for some of the associations found in
this study, and that there is a need to improve the
standardisation of event recording. However the study
represents a positive initial step in identifying risk factors for
racing injury that may allow steps to be taken towards
prevention.

Predictor variables for strangles

In this retrospective case–control study, Lauren Duffee and
colleagues in the USA evaluated predictor variables for and
complications associated with Streptococcus equi ssp. equi
infection (strangles) in horses.

Medical records were reviewed and 108 horses with
strangles (cases) and 215 horses without strangles (controls)
were identified. Cases were defined as horses with clinical
signs of strangles (pyrexia, retropharyngeal lymphadenopathy,
and mucopurulent nasal discharge) that were associated with
a confirmed strangles outbreak or had positive results for
S. equi on PCR assay or bacteriological culture. Controls were
defined as horses with pyrexia that did not meet the other
criteria for cases. Data including signalment, clinical signs,
diagnostic test results, and disease complications and
outcome were compared between cases and controls.
Variables were identified using logistic regression.

Clinical signs of strangles were not evident in 12 of 25
cases classified as S. equi carriers (infected >40 days).
Predictor variables associated with strangles included
mucopurulent nasal discharge and external abscesses in the
pharyngeal region. Strangles was more likely to be diagnosed
in the spring than in the summer. Cases with anaemia were
more likely to develop purpura haemorrhagica than were
cases without anaemia. No risk factors were identified for the
development of guttural pouch empyema or metastatic
abscesses. These results indicated that not all horses infected
with S. equi develop clinical signs of strangles. Guttural pouch
endoscopy and lavage with PCR assay of lavage fluid
samples is recommended to identify S. equi carrier horses.

Radial fracture risk factors

The aim of this study by Suzanne Stewart and colleagues at
the University of Pennsylvania, USA, was to determine survival
to discharge of horses with radial fractures and also to
determine risk factors affecting survival to hospital discharge
in conservative and surgically managed fractures.

Medical records and radiographs of horses admitted with
radial fracture were reviewed and horses with osteochondral
fragmentation of the distal aspect of the radius or stress
fractures were excluded. Evaluated risk factors were age,
fracture configuration, surgical repair method, surgical
duration, hospitalisation time, implant failure rate, and
surgical site infection (SSI) rate.

Of the 54 horses that met the inclusion criteria, overall
survival to discharge was 50%. Thirteen (24%) were subjected
to euthanasia on admission because of either fracture
severity, presence of an open fracture or financial constraints.
Fourteen (26%) horses with minimally displaced incomplete
fractures were conservatively managed and 12 (86%)
survived to discharge. Twenty-seven (50%) horses had surgical
treatment by open reduction and internal fixation (ORIF) and
15 (56%) survived to hospital discharge. Open fractures were
significantly more likely to develop SSI, which also resulted in
a 17-fold increase in implant failure. Of 8 surgically managed
horses with an open fracture, 6 did not survive to discharge.
Outcome was also adversely affected by age and surgical
duration >168 min. Presence of SSI trended towards a
decreased survival rate.

Prognosis for survival to discharge with minimally
displaced incomplete fractures is good. Young horses have a
good prognosis survival to discharge for ORIF, whereas ORIF in
adult horses has a poor prognosis and SSI strongly correlates
with catastrophic implant failure.

Gentamicin concentrations in hospitalised horses

The objectives of this retrospective study by J.R. Bauquier and
colleagues in the USA and Australia were to determine the
relationship between gentamicin dose and plasma
concentration in hospitalised horses, and to identify a starting
dose range to achieve peaks >32 lg/ml.

Gentamicin is an aminoglycoside antimicrobial commonly
used in horses at 6.6 mg/kg i.v. once daily. Therapeutic drug
monitoring (TDM) can confirm desired peak concentration is

© 2016 EVJ Ltd
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reached for common bacterial isolates, and detect toxicosis
associated with high trough values.

Data including weight, dose, plasma peak, and trough
gentamicin concentration, creatinine concentrations and
presence of focal or systemic disease were collected from
medical records of 65 hospitalised horses who were receiving
once-daily gentamicin with TDM performed (99 sets). Peak
concentrations measured 25–35 min after administration were
included (n = 77). Data were divided into low (<7.7 mg/kg),
medium (7.7–9.7 mg/kg) and high (>9.7 mg/kg) dose groups,
and were grouped by the horse having focal or systemic disease.

Peak concentrations resulting from doses ≥7.7 mg/kg
were 5.74 lg/ml (s.e. 2.1 lg/ml) greater than peaks from
doses <7.7 mg/kg. Peak concentration was 3.6 times more
likely to be >32 lg/ml if the dose was ≥7.7 mg/kg. There were
no significant effects of dose on trough or creatinine
concentration. At a given dose, horses with focal disease
had higher peaks than those with systemic disease.

The data from this study suggests gentamicin dosage should
be individually determined in horses using TDM, but support an
initial once-daily dose of 7.7–9.7 mg/kg i.v. to achieve peaks
>32 lg/ml and trough concentrations <2 lg/ml. Further studies
evaluating the safety of doses >6.6 mg/kg are required.

Anatomy of nasal conchal bullae

In this study, T. Liuti and colleagues based at the University of
Edinburgh describe the anatomy of the dorsal and ventral
nasal conchal bullae in normal horses using computed
tomographic anatomical and morphometric findings.

Involvement of dorsal and ventral nasal conchal bullae
can be clinically important in sinusitis. This study aimed to
describe the computed tomographic anatomy of these
structures: 90 equine heads were obtained from abattoirs
and their age estimated from dentition. Computed
tomographic images were acquired and examined by
diplomats. Specimens with dental or sinonasal disease
(confirmed by skull sectioning and gross examination) were
excluded from the study, leaving 60 specimens.

Imaging software (OsiriX) was used to create multi-
dimensional reconstructions and measure height, length and
width of dorsal and ventral bullae allowing the volume of
each bulla to be calculated. Height, length and width of
each head also provided a volume for each skull.

The dorsal conchal bullae were found to be greater in
volume (average 24 cm3) than ventral conchal bullae
(average 15 cm3) and these were related to head size. In
both dorsal and ventral bullae, there were significant
differences in the volumes between different age groups,
with those in the youngest group (0–5 years) having
significantly smaller volumes than those in the oldest group
(over 16 years). In the case of the ventral conchal bullae, this
could be explained by the larger size of cheek teeth alveoli
protruding into the nasal cavity in younger horses. In the
majority of horses (81.3%) the rostral limit of the dorsal
conchal bulla was parallel to Triadan 07s. The caudal limit
was parallel to Triadan 10s in 61% and the 09s in 30.5%. The
rostral limit of the ventral conchal bulla was parallel to
Triadan 07s in 78% and the caudal limit parallel to the 09s in
64.5% and the 10s in 32%. This shows that in some horses the
caudal limits of the ventral conchal bulla can overlap with
the rostral extent of the rostral maxillary sinus.

This study provides information on the anatomical features
of dorsal and ventral conchal bullae and their relationship
with adjacent structures and will help in identifying which
structures are involved in sinus disease.

Monitoring acute equine visceral pain

This study, by Johannes van Loon and Machteld Van
Dierendonck from The Netherlands and Belgium, describes
scale construction and clinical applicability of the Equine
Utrecht University Scale for Composite Pain Assessment (EQUUS-
COMPASS) and the Equine Utrecht University Scale for Facial
Assessment of Pain (EQUUS-FAP) in horses with acute colic.

This cohort study was performed using 50 adult horses (25
with acute colic and 25 controls). Composite pain scores were
assessed by direct observations and Visual Analog Scale (VAS)
scores were assessed from video clips. Colic patients were
assessed at arrival, and on the first and second mornings after
arrival. Both the EQUUS-COMPASS and EQUUS-FAP scores
showed high inter-observer reliability (ICC = 0.98 for EQUUS-
COMPASS, ICC = 0.93 for EQUUS-FAP, P<0.001), while a
moderate inter-observer reliability for the VAS scores was found
(ICC = 0.63, P<0.001). The cut-off value for differentiation
between healthy and colic horses for the EQUUS-COMPASS
was 5, and for differentiation between conservatively treated
and surgically treated or euthanased patients it was 11. For the
EQUUS-FAP, cut-off values were 4 and 6, respectively. Internal
sensitivity and specificity were good for both EQUUS-COMPASS
(sensitivity 95.8%, specificity 84.0%) and EQUUS-FAP (sensitivity
87.5%, specificity 88.0%). The use of the EQUUS-COMPASS and
EQUUS-FAP enabled repeated and objective scoring of pain in
horses with acute colic. The authors plan to perform a follow-
up study with new patients and control animals to further
validate the constructed scales that are described in this study.

S. WRIGHT
EVE Editorial Office
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Editorial

Food for thought

.Nutrition means different things to different people. For some
horse owners, discussing their own calorie intake in detail is a
normal part of their conversation, but they may still measure
their horses’ feed volumetrically, i.e. in terms of flakes, scoops
or cups (Murray et al. 2015). Few perhaps really recognise the
power of nutrition. My very elderly retired horse, with no ability
to chew or ingest short or long fibre, reminds me daily of how
powerful nutrition can be. She is in the middle of her third
summer of living purely on soaked feed. Despite this, she has
maintained great body condition with good muscle definition
etc. However, relatively sma"ll changes in her ration
composition can result in clinical signs of abdominal pain or
inappetance. Very few people dispute that nutrition is key to
health and performance and information about what we
should and should not eat for this or that reason is almost
constantly being provided via one or more media source(s).
Why then are certain nutrition-associated conditions, such as
obesity, on the increase both in man and horses? Horse
owners seem to be keen to learn more about nutrition, with
tens of thousands (Murray et al. 2015) signing up for
increasingly available online nutrition courses. Despite this,
from personal experience, when discussing nutrition, there is
still a lot of confusion and misunderstanding.

Published reviews of feeding practices also often reveal
dietary practices that are contrary to current best practice
(Burk and Williams 2008; Hoffman et al. 2009). Although many
of the owner completed surveys are undertaken in high
performance horses (thereby perhaps fuelling the myth that
feeding optimally is not key to health and performance) they
provide no insight into how much better the animals might
perform if their nutrition was improved, nor the short- and
long-term health benefits of a more optimal diet. Nutrition
associated clinical conditions are also commonly found in
these animals. However, it seems that some horses cope well
in spite of how we feed and manage them, whereas others
have an adverse response to even a relatively minor change.
Increasingly, we are appreciating that the effect of nutrition
reflects not only the nutrients and the feedstuffs that provide
these, but also variation in individual physiology (i.e.
metabolism as well as gut microbiota). Recent work, for
example, has suggested that dietary-induced modulation of
the microbiota might be important in the effect of diet on
horse behaviour (Destrez et al. 2015).

Jansson and Harris (2013) evaluated the practical
uptake of research published on the nutrition of the
exercising horse from 1970 to 2010. The conclusion was that
whilst some findings have been incorporated into routine
practice (e.g. reduction in starch intake even in
performance animals and an increase in the use of oil
supplementation), not all have been; the question is why
not? Is this because the research had no practical
application; does it reflect our inability to successfully
translate science into practice? Or is it nutrition itself that is
the issue? To many, nutrition is not a ‘sexy science’; there
are few simple diagnostic tests (especially ones that can be
used horse-side) to determine if a case is deficient in a key
nutrient, or if the ration is imbalanced.

Nutrition (taken to include diet plus nutritional
management) influences equine health, behaviour,
performance and welfare as well as the environment. There is
an important role here for the veterinary surgeon, who is often
considered to be a major source of good quality nutrition
information (Hoffman et al. 2009; AHP 2012; Murray et al. 2015).
But should veterinarians be regarded as such a source and do
they have sufficient up-to-date knowledge to give such
advice? My view is that it is essential that all equine
veterinarians keep up to date with the principles of good
nutritional practice. Veterinarians should understand the
impact that nutrition can have as a cause and in the
treatment/management of various equine diseases and
conditions. The veterinarian should also know when and whom
to reach out to for more complicated cases (e.g. Diplomates
with an equine nutrition speciality within the European College
of Veterinary and Comparative Nutrition, the American
College of Veterinary Nutrition, the American College of
Veterinary Internal Medicine or active researchers in the area).
Although there are many excellent nonveterinary equine
‘nutritionists’, to my knowledge, currently there is no unified
accreditation system for this group as a whole or a global
system denoting demonstrable expertise – an opportunity for
the future perhaps?

A relatively old review of nutrition education within the USA
(Buffington et al. 1996), as reviewed by Roberts and Murray
(2014), suggested that many veterinarians did not consider that
their nutrition education was fit for purpose. This was supported
by a more recent in-depth study in Georgia (Roberts and
Murray 2013), where veterinarians stated that they were not
very confident in giving equine nutritional advice for several
nutrition associated disorders. Of note, most responding
veterinarians had not attended any equine nutrition continuing
education in the last year. It is hoped that this series of articles in
EVE will help address some of the continuing education issues.
The American College of Veterinary Nutrition, with assistance
from the American Academy of Veterinary Nutrition and the
European College of Veterinary and Comparative Nutrition,
have recently proposed equine nutrition competencies for
graduating veterinarians. A recent survey of 14 veterinary
schools in Europe and the Middle East (Becvarova et al. 2015)
suggested that whilst the University Deans and faculty members
all recognised that nutrition (all species) was very important
(averaged 4 out of 5 in importance), 41% of those surveyed said
they were not satisfied with the nutritional skills and
performance of their graduates. Obviously there are a number
of barriers to improving nutrition training: not least a very
crowded current curriculum. However, given the increasing
recognition of the importance of nutrition in health (including
performance) and disease (e.g. obesity, laminitis, equine
rhabdomyolysis syndrome, colic, gastric ulcers), I hope that
more veterinarians will consider nutrition as an important part of
their continuing education and collaborate more with
specialists in veterinary nutrition.

I am therefore very pleased to be part of this drive to
introduce a series of Clinical Nutrition Articles through EVE to
veterinarians around the world. I would like to thank the
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contributors and the reviewers who have made this possible
and I trust that the articles will prove to be informative and
valuable.
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Equine odontoclastic tooth resorption and hypercementosis
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Summary
This report describes the clinical presentation and
histopathological findings of two horses with equine
odontoclastic tooth resorption and hypercementosis (EOTRH)
affecting all cheek teeth. Equine odontoclastic tooth
resorption and hypercementosis is a well documented
condition known to affect the incisors, canines and
occasionally the premolars in horses. At this time there have
been no documented cases of EORTH affecting all cheek
teeth described in the peer reviewed literature. This paper
documents the first reported cases of EOTRH affecting the
cheek teeth in one horse in the United States and one from
Germany.

Introduction

During the last decade, incisor disorders associated with
dental resorption and bulbous enlargement of the intra-
alveolar parts of the teeth have been described in several
reports (Gregory et al. 2006; Baratt 2007; Caldwell 2007;
Kreutzer et al. 2007). The condition appears to be the result of
two separate cellular processes, i.e. odontoclastic tooth
resorption and hypercementosis characterised by an
unregulated deposition of dental cementum (Staszyk et al.
2008; Sykora et al. 2014; Lorello et al. 2015). Therefore, the
term equine odontoclastic tooth resorption and
hypercementosis (EOTRH) was suggested (Staszyk et al. 2008).
Equine odontoclastic tooth resorption and hypercementosis is
a well described painful condition known to affect the
incisors, canines and occasionally the premolars of older
horses (Staszyk et al. 2008). Some horses show more resorptive
lesions of the root and alveolar bone while others exhibit
hypercementosis leading to a bulbous enlargement of the
reserve crown and root (H€uls et al. 2012; Earley and Rawlinson
2013; Sykora et al. 2014). Clinically, most cases present with
varying degrees of gingivitis, periodontitis, gingival recession,
alveolar bone protrusion and periapical abscessation with
associated drainage tracts (Staszyk et al. 2008; Earley and
Rawlinson 2013). Radiographic findings may include root
resorption, root and reserve crown enlargement due to
hypercementosis, alveolar bone loss, osteomyelitis, loss or
disruption of pulp canal, and intra-alveolar root fractures
(Staszyk et al. 2008; Earley and Rawlinson 2013). The disruption
in the normal intra-alveolar dental architecture creates an
environment that appears to facilitate periodontal disease

(Rawlinson and Earley 2013). Resorptive lesions have been
documented to involve the cementum, enamel, dentine and
occasionally the pulp cavity (Staszyk et al. 2008). Histological
examination has revealed extensive infiltration of white blood
cells into the resorptive lesions while the affected tooth
margins contain odontoclasts housed in Howship’s lacunae
(Staszyk et al. 2008). Regions of hypercementosis have been
described to cover Howship’s lacunae as well as normal
portions of the root with irregular cementum deposited in a
layered pattern (Staszyk et al. 2008). Severe cases can have
extremely bulbous roots and reserve crowns several times
larger than the original healthy tooth. The aetiology of this
condition is currently poorly understood but recent work by
Sykora et al. (2014) has revealed a potential involvement of
Treponema and Tannerella spp. in the pathogenesis of
periodontal disease that can occur with EOTRH. Resorptive
lesions have been reported in other species as well as in
man. In cats, a condition known as feline odontoclastic
resorptive lesions (FORL, syn. resorptive lesions RL) is a
common condition of unknown aetiology (Gorrel and Larsson
2002; Reiter and Mendoza 2002) that shares certain
characteristics with EOTRH such as the infiltration of
inflammatory cells into the resorptive lesions; however, FORLs
lack the excessive hypercementosis often seen with EOTRH
(Earley and Rawlinson 2013). Furthermore, FORLs are reported
to occur more often in the molar and premolar teeth (Roux
et al. 2005) in contrast to EOTRH which has been mostly
reported in the incisors and canine teeth until this report. No
treatment other than exodontia is currently available (Earley
and Rawlinson 2013) and this report is the first to document
the occurrence of EOTRH affecting cheek teeth (CT). The
modified Triadan system of nomenclature is used throughout
this report (Triadan 1972; Floyd 1991).

Case 1

A 20-year-old Arabian gelding was initially examined by
Moore Equine Medical and Dental Services for behavioural
changes that had developed over several months. The horse
was exhibiting head-shyness and appeared to have difficulty
eating. The horse had received regular dental care since
living with the current owner (5 years). Following sedation, an
oral examination revealed slightly protuberant maxillary 06s
and 09s, the buccal margins of the maxillary cheek teeth
and lingual margins of the mandibular teeth were sharp but
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no soft tissue lacerations were present. Further inspection
revealed that all cheek teeth were wider than usual and that
the increased width of the tooth was due to an increase in
the peripheral cementum (Fig 1). No significant abnormalities
were noticed on the incisors although mild calculus
accumulation was present on several teeth.

Each cheek tooth was visualised independently using
oroscopy as well as an intraoral mirror and a well defined
layered pattern of hypercementosis with focal regions of
pitting was visualised on the buccal aspect of the
mandibular CT and palatal margin of the maxillary CT (Fig 2).
All cheek teeth were also found to be unusually mobile with
the maxillary 06s being the most affected and having a
range of mobility estimated to be 2 mm using very light
pressure with Hewson forceps. No significant periodontal
disease or gingivitis was noted.

Lateral and oblique extraoral radiographs of all CT
quadrants revealed blunting of the roots, loss or disruption of
the lamina dura, bulbous enlargement and an irregular
appearance of the roots on all cheek teeth (Fig 3), consistent
with previous reports of EOTRH in incisors (Staszyk et al. 2008).
Intraoral radiographs of the incisors showed mild resorptive
lesions on all incisors with the 03 maxillary incisors being the
most affected (Fig 4).

Based on the findings of the oral examination and
radiographs, a diagnosis of EOTRH was made. The incisors
were classified as being mildly affected while the CT were
moderately affected.

Minor odontoplasty was performed and care taken to
ensure that the pressure and forces of mastication were
distributed as evenly as possible on all CT. A complete blood
count and serum chemistry analysis were performed and all
parameters were within normal limits. The horse was placed
on a nutraceutical that has shown some promise in
potentially ameliorating some of the changes associated with
EOTRH (Simhofer and Kowelka 2012). The owner reported an
almost immediate improvement in the horse’s head-shyness
and appetite.

Approximately 10 months post initial presentation, the
owner began noticing a slight head tilt while the horse was
eating. A follow-up examination was performed and
revealed a fractured 309. Radiographs were taken to assess
any progression of the disease. No significant differences
were noted on any teeth except for a mild increase in the
resorptive lesion on the root of the 303 incisor.

The fractured 309 CT was extracted orally under
endoscopic guidance with the horse sedated and standing.
No complications were encountered during the extraction

a) b)

Fig 1: Intraoral photographs, Case 1, (a) Excessive cementum deposits on the palatal margins of maxillary cheek teeth and (b) on the
buccal aspects of the mandibular cheek teeth.

a) b)

Fig 2: Intraoral photographs, Case 1, (a) and (b) Well-defined layered hypercementosis with focal regions of pitting on the buccal
margins of the mandibular cheek teeth.
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and a follow-up examination 30 days later revealed that the
socket was approximately 80% filled-in with healthy
granulation tissue.

Examination of extracted 309

Macroscopic findings – dental surfaces
Gross examination of the extracted 309 revealed
hypercementosis with layered deposition lines visible.
Significantly more cementum was noted on the buccal than
the lingual side. The roots were blunted and consistent with
the radiographic changes described. The intra-alveolar
regions displayed an irregular pattern made up of
cementum-like tissue. In certain regions, dark soft tissues were
noted within the cemental surface.

Macroscopic findings – sectioned surfaces
The tooth was further evaluated by performing horizontal
sections. Sections were made using a diamond-coated band
saw with water cooling to minimise frictional heat. The
dominant substance was a cementum-like calcified tissue
featuring marked incremental lines indicative of a layered
pattern of deposition. In several locations, irregular regions of
blackish soft tissue were present reflecting local tissue
necrosis.

Histopathological findings
Histopathological specimens were decalcified (EDTA, room
temperature, pH 8.0) and embedded in paraffin wax.
Subsequently, serial 5 lm sections were cut, stained using
haematoxylin and eosin, and examined under a light
microscope (Staszyk et al. 2008).

Pathohistological features typical for EOTRH were found.
First, remnants of unchanged secondary dentine and normal
equine cementum were present. These regions were mainly
seen in central portions of the tooth sections. The peripheral
borders showed numerous signs of odontoclastic tooth
resorption, i.e. Howship lacunae. These Howship lacunae
were mostly filled with reparative irregular cementum. Some
areas showed ongoing odontoclastic resorption and active
odontoclasts were present (Fig 5).

Second, the largest area of the tooth sections was
dominated by large amounts of irregular cementum featuring
large vascular channels, an irregular arrangement of
collagen fibres and cementoblasts lacunae. Nonparallel,
wavy incremental lines were clearly visible indicating a
largely unregulated deposition of irregular cementum (Fig 5).

Third, vascular granulation tissue with leucocytic
infiltrations was seen in peripheral positions as well as in
central positions infiltrating between mineralised tissues. In
most positions the interface between the granulation tissue

a) b)

Fig 4: Radiographs Case 1, (a) Maxillary incisors, (b) Mandibular incisors. Mild blunting and resorption present on all incisors and
canines with the #3 maxillary incisors being the most affected.

a) b)

Fig 3: Radiographs, Case 1, (a) Blunting of the roots of all mandibular and (b) maxillary cheek teeth.
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and the mineralised tissue was dominated by cementoblast-
like cells producing new (irregular) cementum. In some
positions odontoclasts were present causing ongoing tooth
resorption (Fig 5).

The histopathological features described confirmed the
diagnosis of a hypercementotic form of EOTRH.

Case 2

A 38-year-old Shetland pony mare was referred to the
equine teaching hospital of the Freie Universit€at Berlin
emergency service for evaluation of inappetance that had
persisted for several days. The referring veterinarian
suspected dental disease may have been responsible for the
prolonged loss of appetite and reported a foul odour
originating from the mouth as well as ptyalism during
mastication. According to the owner, the pony had been
losing weight recently even though her diet consisted of a
mash and soaked hay cubes.

The horse had not received regular dental care in the
34 years she had lived with the current owner. Haematology

and serum biochemistry revealed hyperlipidaemia and
leucocytosis all of the other blood parameters were within
normal limits.

Following treatment and resolution of the
hyperlipidaemia, a complete oral examination was
performed with the horse sedated and revealed severe
bulbous enlargement of reserve crown and roots, severe
gingivitis, periodontitis and gingival recession affecting all
incisors (Fig 6). The maxillary 03s were displaced horizontally
(Fig 6). Additionally, erythema affecting the mucosa of the
lower lip was noted (Fig 6).

A pronounced step and wave mouth were present in
the CT dentition but only a few margins of the mandibular
and maxillary teeth were sharp. Further inspection by using
an intraoral mirror revealed that all CT were wider than
usual due to an increase in the peripheral cementum. All CT
were also found to be mobile by digital pressure. The 206 CT
was missing and the 411 was displaced rostrally and very
loose.

Mild gingivitis and periodontitis around some of the CT
were noted.

a)

b)

c)

d)

f)

e)

Fig 5: EOTRH in cheek teeth of a 20-year-old Arabian gelding (Case 1). a) Extracted 309, mesiolingual view. The tooth is covered by
irregular cementum (irC). Brown staining and pitting indicate presence of necrotic tissue. b) Extracted 309, mesial half, horizontal section
30 mm sub-occlusally. Dentin (D) and enamel (E) show normal outline, texture and coloration. Red coloration in pulp horn 2 (black
arrowhead) indicates vital pulpal tissue. The tooth is surrounded by large amounts of irregular cementum (irC) causing hypercementosis.
c) Extracted 309, mesial half, horizontal section 40 mm sub-occlusally. Irregular cementum surrounding the dental root. d), e), f)
Extracted 309, histological sections demonstrating typical microscopical features of EOTRH: d) Odontoclastic resorption (red
arrowheads). e) Reactive deposition of reparative/irregular cementum indicated by presence of wavy reverse and incremental lines
(blue arrowheads). Green arrow heads indicate lacunae of cementoblasts. The adjacent periodontal ligament (PDL) is characterised by
leucocyte infiltrations and numerous capillaries. f) Irregular cementum has been deposited on the previously resorbed dentinal surface.
The irregular cementum contains vascular channels (yellow arrowheads). Blue arrowheads: reversal and incremental lines.
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Lateral and oblique radiographs of all dental quadrants
as well as intraoral radiographs of the maxillary and
mandibular incisor teeth were taken. The radiographs of the
cheek teeth confirmed the wear abnormalities of the
occlusal surface that were found during oral examination
and revealed blunting of the roots, loss of the lamina dura,
partial alveolar bone loss, severe bulbous enlargement
and an irregular appearance of the roots on all cheek teeth
(Fig 8). Radiographs of the incisors showed typical severe
radiological signs of EOTRH (Fig 7) described by H€uls et al.
(2012).

Based on the findings of the oral examination and
radiographs a diagnosis of severe EOTRH affecting all teeth
was made. Senile CT are typically mostly composed of
cementum as the rest of the dental materials such as enamel
are worn away during the course of the normal attrition; this
could create some confusion with EOTRH. It is important to
note that in CT affected by EOTRH it is the disproportionate
quantity of cementum relative to dentin and enamel
combined with the radiographic findings described that
distinguish it from normal geriatric changes.

All incisors and 411 were extracted under sedation and
local anaesthesia. All extracted teeth were submitted for
histopathology.

Due to the horse’s age and the severe abnormalities of
wear, no dental equilibration was performed. The pony
recovered well after exodontia and showed a good appetite
for soaked feed. She was treated with flunixin meglumine

(1.1 mg/kg bwt) for 6 days after surgery. The pony was
discharged 14 days after presentation.

Five months later the referring veterinarian had to extract
some more cheek teeth due to further loosening. However,
according to the owner, the pony was eating and doing
well.

Examination of extracted teeth

Macroscopic findings – dental surfaces
All incisors and the 411 CT were extracted. These teeth
shared the same macroscopic appearance. The reserve
crowns were largely worn away and the occlusal surfaces
showed the typical characteristics of senile equine teeth, i.e.
only remnants of enamel ridges were present. The shape and
angulation of the supragingival parts of the teeth were highly
irregular indicating severe malocclusion. The morphology of
the intra-alveolar parts of the teeth was highly remodelled.
Instead of featuring clearly defined roots, the intra-alveolar
portions consisted of rounded protrusions. The intra-alveolar
dental regions showed the same characteristics as described
for Case 1 which were deposits of cementum-like tissue with
areas containing necrotic tissue (Fig 8).

Histopathological findings
Further histopathological investigations were performed on all
right upper and lower incisors as well as on tooth 411. The
histopathological findings were the same as described for

a) b)

Fig 7: Radiographs Case 2, (a) Mandibular incisors and (b) maxillary incisors.

a) b)

Fig 6: Photographs, Case 2, (a) Maxillary incisors frontal view and (b) maxillary incisors dorsolateral view.
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Case 1 and the diagnosis of a hypercementotic form of
EOTRH was confirmed (Fig 8).

Discussion

Both cases presented were diagnosed with a
hypercementotic form of EOTRH that was evident grossly,
radiographically and confirmed histopathologically. The two
cases differed significantly in terms of severity suggesting there
may be a wide range of presentations for this condition.

Clinical signs
The equine hypsodont tooth is typically composed of three
types of peripheral cementum (Kilic et al. 1997b). Peripheral
enamel is directly surrounded by a thin layer of primary
cementum that contributes to the amelocemental junction
(Mitchell et al. 2003). A thicker layer of secondary cementum
is deposited over the primary cementum and it is into this
material that the periodontal ligament (PDL) attaches and
provides anchorage of the tooth (Mitchell et al. 2003). Tertiary
cementum (or clinical crown cementum) is produced and

deposited at the subgingival level. Once erupted, this
material becomes a structural component of the clinical
crown providing support for the hard but brittle enamel ridges
(Mitchell et al. 2003, Staszyk et al. 2015).

Equine peripheral cementum at the occlusal level is
known to be thicker on the palatal aspect of maxillary CT
compared with the buccal surface (Kilic et al. 1997a, Mitchell
et al. 2003). The opposite is found on the mandibular CT
where thicker peripheral cementum is present on the buccal
surface compared with the lingual border (Mitchell et al.
2003).

In both cases, there was an exaggeration of this normal
pattern with cementum deposits showing visible incremental
lines. These features suggest that a transition occurs where
normal clinical crown cementum deposition becomes
unregulated and disproportionate. This macroscopic finding
has been confirmed by the histological demonstration of high
amounts of irregular cementum. It is emphasised that the
presence of exaggerated amounts of irregular clinical crown
cementum was the only visible sign of cheek tooth EOTRH in
Case 1, apart from radiological signs. Contrary to Case 1, the

a)

b)

c)

d)

e)

f)

Fig 8: EOTRH in cheek teeth of a 38-year-old Shetland pony mare (Case 2). a) Radiograph showing bulbous enlargements of all cheek
teeth and blunting of the dental roots. b) Extracted 411, lingual view. The tooth is covered by irregular cementum (irC). Dark stained
areas indicate presence of necrotic tissue. c) Extracted 411, horizontal section, root tip. Incremental lines indicate continued deposition
of irregular cementum causing hypercementosis. Dark stained necrotic areas reaching into the irregular cementum indicate ongoing
resorption of tooth substances. d), e), f) Extracted 411, histological sections demonstrating typical microscopical features of EOTRH: d)
Odontoclastic resorption (red arrowheads). e) Reactive deposition of reparative/irregular cementum indicated by presence of wavy
reverse and incremental lines (blue arrowheads). f) Presence of hypercementotic areas composed or cellular and acellular irregular
cementum. Green arrowheads: cementoblast lacunae. Blue arrowheads: reversal and incremental lines.
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second case also displayed mild gingivitis and periodontitis
associated with some of the CT.

The described cases suggest that there is a difference
between incisor and CT EOTRH in terms of the presence of
visible pathognomonic clinical signs. Incisor EOTRH is mostly
associated with painful periodontal disorders and/or
positional changes within the incisor arcades (Baratt 2007;
Caldwell 2007; Kreutzer et al. 2007; Staszyk et al. 2008). In
contrast CT EOTRH seems to feature only moderate
periodontal changes and characteristic changes in clinical
crown cementum might remain undetected. Although these
assumptions need to be confirmed by further investigations in
more horses with CT EOTRH, there is reason to speculate
whether CT EOTRH has a much lower prevalence than incisor
EOTRH or whether the prevalence of CT EOTRH is
underestimated at this time.

In summary, there were two key indicators suggestive of
CT EOTRH in these cases:

• Wider than usual CT (can be subtle to detect) with the spatial
layered hypercementosis pattern previously described

• Unusual mobility of CT detected when the grinding burr
was placed against the teeth.

Aetiological considerations
There is a notable spatial pattern in EOTRH affecting the
incisors that suggests the existence of a biomechanical factor
contributing to the aetiology of this disease. It has been
shown that periodontal areas affected by high
biomechanical loads (palatal/lingual aspects near the root
tip) coincide with the position of initial resorptive lesions in
incisors (Schrock et al. 2013). In both cases presented here, a
clear special pattern of additional deposits of irregular
cementum was also noted in the CT, i.e. palatal side of
maxillary CT and buccal side of mandibular CT- Exactly these
sides were found to be highly affected by high
biomechanical stresses during the power stroke of the
masticatory cycle, especially in older horses (Cordes et al.
2012) which further supports a biomechanical involvement in
the pathogenesis of EORTH. The biomechanical stresses that
occur in the CT of aged horses were estimated to be high
enough to cause at least two harmful processes within
different areas of the periodontium. First, it is assumed that
gingival damage occurs, leading to periodontal pocketing
and microbial infection of the periodontal ligament (Cordes
et al. 2012). Second, focal overload within the depth of the
alveolus causes periodontal micronecrosis and initiates
cytokine release. Subsequently, clastic cells are attracted
and start the process of odontoclastic tooth resorption
(Brudvik and Rygh 1994). However, odontoclastic tooth
resorption is often a temporary process and after a while the
resorbed areas become repaired by regular cementum,
resulting in reattachment of the tooth to the periodontal
tissues (Langford and Sims 1982; Reiter et al. 2005; DeLaurier
et al. 2009).

In EOTRH it seems that the process of tooth resorption is
maintained and that concomitantly the process of cemental
repair becomes deregulated and unlimited. A possible
explanation for this condition comes from the finding that
incisor EOTRH is associated with the presence of different
species of Treponema and Tannerella (Sykora et al. 2014).
The persistent infection with these microorganisms might

represent the major factor that preserves the stimulus for the
continued recruitment of odontoclastic cells and
subsequently deposition of high amounts of irregular
cementum. Thus, EOTRH is assumed to be caused by at least
two factors, i.e. first, focal periodontal damage initiating
odontoclastic tooth resorption and second, persistent
infection with distinct microorganisms preserving an
inflammatory environment with continued recruitment of
clastic cells.

Clinical observations in incisor EOTRH suggest that the
ratio between the predominant pathological process, i.e.
odontoclastic tooth resorption and deposition of irregular
cementum, varies greatly between horses (Staszyk et al. 2008;
H€uls et al. 2012). This is reflected by the presence of resorptive
lesions and hypercementotic areas to a different extent.
Therefore, it has been proposed to define at least three
different types of EOTRH according to the predominant
histological/radiological changes, i.e. a hypercementotic,
resorptive and a mixed type (H€uls et al. 2012). The resorptive
type is assumed to feature mainly inflammatory processes
that lead to odontoclastic resorption. In contrast, the
hypercementotic type mainly shows reparative processes in
terms of deposition of cementum. However, it is emphasised
that in all defined types, all of the typical features of EOTRH
were found concomitantly, i.e. odontoclastic resorption and
hypercementosis (Staszyk et al. 2008; H€uls et al. 2012). Further
studies are required to confirm whether these clinical and
histopathological observations are actually correlated with
the presence of distinct microorganism as suggested (Sykora
et al. 2014).

Nevertheless, the presented cases of cheek tooth EOTRH
do not contradict the current concepts of the possible
aetiology of EOTRH. Incisor EOTRH and cheek tooth EOTRH
share many features in terms of radiological findings,
macroscopic appearance of extracted teeth and even
histological findings. Although some differences in clinical
signs are present between the two conditions, all the findings
with CT EOTRH fall within a range of features that are also
found with incisor EOTRH.

Clinical considerations

At the time of writing, no treatment other than exodontia is
currently available for severe cases of EOTRH (Earley and
Rawlinson 2013; Lorello et al. 2015). However, preliminary
results of a blinded study on the effects of an additive
feedstuff made of a fungus mycelium (Equident) on EOTRH
suggests that there seems to be a positive effect on the
clinical signs of EOTRH (Simhofer and Kowelka 2012). Final
results of this study will show if this may be a palliative
treatment option for less severe cases. Anecdotally, daily
cleaning of the incisors using a tooth brush and chlorhexidine
or a similar disinfectant solution in combination with
shortening of the incisors also seems to have a positive effect
on inflammatory signs.

Conclusion

Until recently, EOTRH was predominantly reported to occur in
the incisors and canines. This report confirms that the
condition may also affect the cheek teeth and that the
clinical presentation may cover a wide spectrum in terms of
both severity and clinical signs. Dental radiographs may be
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warranted in cases where CT display increased mobility and/
or if increased clinical crown cementum is noted during oral
evaluation. Further studies are required to evaluate the
prevalence, epidemiology and clinical relevance of this
condition.
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Clinical Commentary

Equine odontoclastic tooth resorption and hypercementosis
(EOTRH): What do we know?
R. Baratt*

Salem Valley Equine Clinic, Salem, Connecticut, USA.
*Corresponding author email: rbaratt1dvm@gmail.com

Equine incisor tooth resorption and periodontal disease was
initially recognised by equine practitioners in private practice
and presented to colleagues at professional meetings
(Gregory et al. 2006; Baratt 2007; Caldwell 2007). These
practitioners described the clinical and radiographic features
of a syndrome not previously identified in the horse.
Subsequently, the histopathological features of this syndrome
were described and the syndrome given a more descriptive
name: equine odontoclastic tooth resorption and
hypercementosis (EOTRH) (Staszyk et al. 2008). At meetings
and in veterinary journals, equine practitioners subsequently
reported similar cases worldwide (Lorello et al. 2015).
Surprisingly, this newly described syndrome, although
uncommon, was not rare. Examination of archived
specimens would likely reveal that this ‘new’ disease was
present but unrecognised prior to 2006 although, to this
author’s knowledge, this has not previously been
documented in the literature. Similarly, tooth resorption
affecting the equine cheek teeth has now been reported
and may be documented by equine practitioners worldwide.

While the embryology of the equine tooth closely follows
tooth development in other species, the horse has unique
anatomical and physiological adaptations in its radicular
hypsodont dentition not present in man or other mammalian
species (Staszyk et al. 2015). However, it is informative to
examine tooth resorption in other species, including
laboratory animals, in an effort to better understand the
pathophysiology in the horse and to guide further research
efforts. In this issue, Moore et al. (2016), in addition to
proposing that EOTRH affects the cheek teeth as well as the
incisors and canines, have reviewed the EOTRH literature. It is
hoped that this wider, cross-species literature review of tooth
resorption is of interest to the reader.

Tooth resorption is actually a normal process required for
the exfoliation of mammalian deciduous incisor, canine and
premolar teeth (Nanci 2013). Resorption of root cementum
and dentin is also a normal feature of permanent tooth roots in
man. It is commonly found in the apical portion of the root and
as it is normally accompanied by reparative processes, is not
clinically recognised (Andreasen 1985). In the horse, it has
been demonstrated that the production of coronal cementum
involves the surface resorption of enamel by odontoclastic
cells, followed by deposition of cementum by cementoblasts
(Jones and Boyde 1974; Sahara 2014). Cementum formation in
the developing tooth is still incompletely understood. It has
been hypothesised that disruption of Hertwig’s epithelial root
sheath (HERS) and contact of the surrounding dental follicle
with root dentin results in reciprocal induction of cementoblasts
and production of root cementum. There is also evidence
supporting the epithelial-mesenchymal transformation of HERS
into cementoblasts (Nanci 2013). The disintegration of HERS
leaves clusters of epithelial cells, epithelial cell rests of

Malassez, which are incorporated into the developing
periodontal ligament (PDL) which is of mesenchymal (dental
follicle) origin. There is a growing body of work that would
indicate that rather than ‘resting’, the cell rests of Malassez
play an active role in the maintenance and regeneration of
the PDL (Xiong et al. 2013). Significantly, the absence of the
epithelial cell rest of Malassez may prevent normal repair of
damaged PDL, resulting in tooth resorption.

In man, endodontic disease, periodontal disease and
pressure-induced frontal resorption in orthodontic treatment
all result in the presence of inflammatory cells and cytokines
that stimulate the differentiation of and activation of
osteoclasts. This appears to be regulated, in part, by
signalling molecules in the tumour necrosis family (Ne et al.
1999; Darcey and Qualtrough 2013; Nanci 2013). The role of
the tumour necrosis family of cytokine-like proteins (RANK,
RANKL, osteoprotegrin [OPG]) in the pathogenesis of feline
tooth resorption has been previously investigated (Senn
et al. 2010). In this study, immunohistochemical staining with
anti-RANK, anti-RANKL and anti-OPG antibodies at the sites
of active tooth resorption was noted. Similar studies have
not yet been reported in the horse. This form of tooth
resorption, inflammatory tooth resorption, has a similar
radiographic appearance in man, domestic animals and
the horse. Initially, there are superficial (surface) areas of
root resorption which on histological examination reveal
large clastic cells on the surface of Howship’s resorption
lacunae. Resorption of dentin progresses but the mantel
layer of dentin appears to be resistant to resorption and the
pulp is protected until secondary bacterial infection occurs.
In man, when tooth resorption is due to pulpal necrosis,
early root canal therapy can be curative. There are no
reports presently that would indicate that endodontic
disease is the underlying cause of EOTRH. As pulpitis in
multiple incisor teeth would be highly improbable, this
aetiology for EOTRH is unlikely.

While odontoclastic tooth resorption is quite prevalent in
the domestic cat population and has been studied
extensively, the aetiology remains unclear. In the cat, early
resorptive lesions were identified on all aspects of the root
surface but appeared to fail to undergo repair at the
cemento-enamel junction (DeLaurier et al. 2009). Interestingly,
early resorptive lesions in the incisors of horses tend to be
located at the apical extent of the peripheral enamel, which
would be the equivalent of the cemento-enamel junction in
brachydont species. While the cemento-enamel junction may
have unique properties that predispose this site to resorption in
the cat and man, the unique anatomy of the horse makes
comparison between these species difficult.

Tooth resorption localised to the cervical area in man also
occurs, albeit rarely and this invasive cervical tooth resorption
appears to have distinct histological and clinical features from
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external inflammatory tooth resorption that is the consequence
of orthodontic forces, luxation/avulsion or pulpitis (Heithersay
1999; Patel et al. 2009). Cervical tooth resorption is much more
common in the cat (DeLaurier et al. 2009) and dog (Peralta
et al. 2010). However, this pattern of tooth resorption is also
seen clinically in the canine teeth of the horse. The
pathogenesis of this form of tooth resorption may involve
exposed dentin at the cemento-enamel junction (Patel et al.
2009) but in a retrospective study in man (Heithersay 1999),
orthodontic treatment, intracoronal bleaching of
endodontically-treated teeth and a history of trauma were the
most frequently associated predisposing factors. One case
series in man suggested an association between invasive
cervical tooth resorption with feline herpes virus type 1 (von Arx
et al. 2009). Invasive cervical tooth resorption rarely involves
the pulp as the mantel layer of dentin appears to be resistant
to clastic cells.

Tooth resorption in man (Sch€atzle et al. 2005) and in cats
(Reiter et al. 2005) has also been hypothesised to be secondary
to endocrine and systemic conditions. However, a survey of 109
cats showed no correlation of serum vitamin D3 levels and feline
tooth resorption (Girard et al. 2010). Preliminary investigation has
shown no relationship of EORTH and thyroid hormones in the
horse (Earley et al. 2011).

The PDL is a unique soft tissue of mesenchymal
origin situated between two hard tissues (bone and
cementum). There are resident stem cells within the PDL that
can differentiate into both clastsic and blastic cells that
actively produce or remove cementum and alveolar bone.
The regenerative ability of the PDL is the basis for guided
tissue regeneration in the treatment of selective types of
periodontal disease in man (Villar and Cochran 2010) and
dogs (Gingerich and Stepaniuk 2011). It would appear that
the fibroblasts within the PDL secrete factors that inhibit
ankylosis of alveolar bone to dentin (Nanci 2013).
Replantation of luxated teeth predictably results in root
resorption only if the PDL undergoes drying or if the PDL is
removed from the root surface (Andreasen 1985). A recent
case series reported the preliminary success of replanted
equine cheek teeth that had undergone extracorporal
endodontic therapy (Stoll 2014).

The authors of the accompanying paper hypothesise that
the underlying cause of EOTRH may be due to the
masticatory forces placed on the geriatric tooth of shorter
root length (Schrock et al. 2013; Moore et al. 2016). This
would be similar to the root resorption noted in people
undergoing orthodontic treatment. With regards to
hypercementosis, this appears to be a unique feature of
equine periodontal disease. Generalised tooth resorption and
hypercementosis has rarely been reported in man (Sch€atzle
et al. 2005) and is not a common feature of tooth resorption
in the cat or dog. Hypercementosis, as noted in the
accompanying paper, is a variable component of EOTRH.
Cementomas are not an infrequent finding in association with
apically infected cheek teeth and at the site of previously
extracted apically infected cheek teeth. Perhaps the
unregulated regenerative response of the PDL, with excessive
cementum formation, is a unique feature of the horse.
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Summary
Reference intervals (RIs) for haematology and serum
biochemistry for donkeys in a temperate climate have been
previously published using blood sample results from the
resident population of a large donkey shelter in the UK.
Periodic review of reference intervals is recommended to
ensure their applicability to the patient population and
changes in laboratory methods and technologies. The current
study aimed to revise the previously published haematology
and serum biochemistry values for the adult domestic donkey
(Equus asinus) in the UK in the light of a change in analytical
equipment at the Donkey Sanctuary laboratory, but also to
refine the demography of the sample population with respect
to age, physiology and clinical history. Clinical pathology
results from 138 clinically healthy mature (4–24 years
inclusive) female and castrated male donkeys selected from
the resident population of the Donkey Sanctuary, were
analysed retrospectively. The animals were blood sampled
during the period February 2008 to June 2011 as part of a
routine health screen prior to rehoming. Results for a total of
38 biochemical and haematological parameters were
analysed including 3 previously unreferenced parameters in
addition to those assessed in the previous study. The new
reference intervals and median values show very poor
transferability with recently derived reference intervals for
non-Thoroughbred horses and only limited transferability with
reference intervals previously published for donkeys in the UK.
Of particular note is a marked reduction in the upper
reference limit for triglycerides of 2.8 mmol/l (from 4.3 mmol/
l) since this parameter is used to decide when donkeys are
at risk of developing hyperlipaemia. This study demonstrates
the value of intermittent review of reference intervals and
refinement of study populations. Notwithstanding the caution
with which reference interval data from different laboratories
should be compared, the lack of transferability of results
between donkeys and horses highlights the importance of
use of species-appropriate reference intervals for clinical
decision-making.

Background

The domestic donkey (Equus asinus) is kept predominantly as
a companion in the UK, Europe and North America, but is
frequently used as a working animal in developing countries
worldwide. Domestic donkeys are a unique equine species
descended from wild asses evolved to live in inhospitable,
mountainous and arid desert environments (Epstein 1984).
Their popularity as companions belies the relative dearth of

physiological or scientific data on the species compared with
other commonly encountered domestic species and
veterinarians encountering donkeys may find it difficult to
obtain relevant reference intervals for biochemical and
haematological blood parameters. Reference intervals for
haematology and blood biochemistry parameters were
previously established for domestic donkeys in the UK by
French and Patrick (1995) using results from the resident
population of a large specialised sanctuary (The Donkey
Sanctuary). Other studies have focused on particular donkey
breeds or presented data for specific cohorts, often involving
relatively small study populations and mixed aged groups, or
which are pertinent to certain environmental conditions
(Folch et al. 1997; Jordana et al. 1998; Mori et al. 2003, 2004;
Caldin et al. 2005).

Periodic review of reference intervals (RIs) is recommended
in order to account for changes in laboratory methods and
technologies (Anonymous 2011a). In addition, a marked
increase in understanding specific nutritional requirements of
donkeys in recent years has led to changes in management
practices (Cox et al. 2009; Burden et al. 2013), which could
alter physiological parameters. This study is thus a timely
revision of commonly used biochemical and haematological
parameters for clinically healthy, mature donkeys.

Materials and methods

Study animals
This study assessed the haematological and biochemical
blood profiles of 138 mature donkeys between the ages of 4
and 24 years. The donkeys were all owned and cared for by
The Donkey Sanctuary and lived on farms in the South West of
England. All donkeys were considered clinically healthy at the
time of blood sampling, which was undertaken as part of
assessment of suitability for rehoming of the animals to private
homes. They were sampled in Autumn (n = 41), Spring (n = 32),
Summer (n = 35) and Winter (n = 30) between February 2008
and June 2011. The study group consisted of 29 female and
111 gelding donkeys. The donkeys were fed ad libitum straw
with restricted quantities of haylage and grazing according to
body condition and prevailing weather conditions; donkeys
also had access to an equine specific mineral block. None of
the donkeys were working (draught or riding).

Sampling and clinical assessment
Blood samples were drawn from the jugular vein into 10 ml
plain and EDTA-containing evacuated blood collection tubes
(BD Vacutainer)1. Complete blood counts and biochemical
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profiles were carried out within 24 h of sampling. Blood
samples were taken as part of full clinical assessment to
ensure that the donkeys were fit for rehoming. Clinical
examinations and blood samples were carried out by
veterinarians with experience of donkeys. Examination
involved thorough physical inspection from head to hoof
including ophthalmoscopic examination, chest auscultation
and dental assessment. If any significant clinical abnormalities
were detected the donkey was excluded from the study. Full
clinical records relating to each donkey were reviewed and
donkeys excluded from the study if they had suffered from
significant health problems within the 6 months prior to
sampling. The only pharmaceutically-active agents to have
been used during this 6 month period were licensed
deworming products. Common clinical conditions including
seedy toe, minor dental abnormalities and superficial skin
wounds were not considered significant and donkeys with
these conditions at the time of sampling or having had them
in the 6 months prior to sampling were not excluded from the
study. The donkeys were assigned a body condition score
(BCS) using a standard scale of 1–5 according to Svendsen
(2008) and excluded from the study if they were underweight
(BCS≤2) or obese (BCS≥4.5) by this score. In total 138 animals
were included in the study; the majority of animals had full
haematological and biochemical profiles but where
particular parameters were not assessed the total numbers
reported reflect this.

Laboratory analysis
All samples were transported promptly to the laboratory at
the Donkey Sanctuary, centrifuged and separated within 2 h
of collection for biochemical analysis and subsequently
refrigerated. Samples were analysed in-house within 24 h of
sampling.

Blood samples in EDTA evacuated tubes were analysed
using an automated cell counter (Sysmex XT 2000i)2

calibrated previously for donkey samples. Parameters
assessed by the automated counter included counts of
erythrocytes (RBC), total leucocytes (WBC) and platelets
(PLT); concentrations of haemoglobin (Hb), mean corpuscular
haemoglobin (MCH), mean corpuscular haemoglobin
concentration (MCHC); mean corpuscular volume (MCV),
red cell distribution width (RDW) and haematocrit (calculated
PCV). Differentiation of white cells into segmented neutrophils
(Neu), lymphocytes (Lym), eosinophils (Eos), monocytes (Mon)
and basophils (Bas) was carried out by microscopic
examination of Giesma-stained thin blood smears; 200 cells
were counted to determine the differential cell count.

Automated biochemical analyses (Roche Integra 400
analyser)3 were undertaken on serum samples; analytes
included in the panel were triglycerides (Trig), creatine
phosphokinase (CPK), aspartate aminotransferase (AST)
gamma glutamyl transferase (GGT), glutamate dehydrogenase
(GLDH), alkaline phosphatase (ALP), total bilirubin (TBil),
total serum protein (TP), albumin (Alb), globulin (Glob),
creatinine (Creat), urea, amylase (Amy), lipase (Lip), calcium
(Ca), sodium (Na), potassium (K), chloride (Cl) and cholesterol
(Chol). Bile acids were evaluated in a limited number of cases
(84/138).

Quality assurance
In addition to in-house quality control and calibration, all 20
biochemistry analytes tested were validated monthly across 3

external quality assurance (QA) schemes provided by
WEQAS. Haematology analyte QA was undertaken using
‘Sysmex e-Check (XE)’ control samples on a daily basis prior
to testing.

Data analysis
The data from 18 haematological and 20 biochemical
analytes were transferred into Excel4 and the mean, standard
deviation (s.d.), sample variance, kurtosis, skew, range, count
and confidence intervals (90%) calculated. This exploratory
analysis of the dataset showed that the observations
were, in the majority, non-normally distributed; as a result,
nonparametric analyses were undertaken (SPSS 17.0)5.

Outliers were identified as values below Q1–1.5 (IQR) or
above Q3 + 1.5 (IQR) and removed if biologically implausible
or if credible were included in further analysis. A reference
interval was then established from the central 95% interval by
removal of the lower and upper 2.5% of the interval for each
parameter, thus the 2.5 and 97.5 percentiles were obtained
according to The International Federation of Clinical
Chemistry (IFCC) protocol for nonparametric data. Ninety
percent confidence intervals were calculated for the upper
and lower RIs (MedCalc).

Reference interval transference validation
Reference interval transference validation of new RIs for
donkeys was undertaken to determine transferability with
candidate RIs established for mature non-Thoroughbred
horses (Anonymous 2011a), previously established RIs for
donkeys (French and Patrick 1995), RIs for donkeys in
Mexico (de Aluja et al. 2006) and RIs for donkeys in
Ethiopia (Lemma and Moges 2009). Reference interval
transference validation was undertaken according to
American Society for Veterinary Clinical Pathology (ASCVP)
guidelines (Anonymous 2011a) on the transference and
validation of RIs between laboratories. In short, 40 samples
representative of the newly established RIs for donkeys were
evaluated against the candidate RI for transference. Using
ASCVP guidelines, if ≥4/40 (10%) of the values fall outside of
the candidate RI then transference is rejected for the
analyte.

Results

In total, blood samples from 138 donkeys were examined. The
donkeys ranged in age from 4 to 24 years; the cohort
consisted of 29 females (aged 5–24 years, mean 13.1 years)
and 111 geldings (aged 4–22 years, mean 12 years).
All donkeys included in the study were found to be
clinically healthy. The median BCS in the cohort was 3/5
(range 2.5–4).

Median reference values, RIs (2.5 and 97.5 percentiles)
and 90% CIs for the quantified haematological and
biochemical parameters are shown in Tables 1 and 2.

Reference interval transference
To assess the transferability of these new RIs with those
developed for other populations reference interval
transference validation was undertaken. Reference interval
transference validation data for new haematological and
biochemical RIs are shown in Tables 1 and 2. This validation
showed that 0/15 haematological and 4/20 biochemical RIs
were transferrable between these new RIs for donkeys and
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those established for mature, non-Thoroughbred horses
(Anonymous 2011a); 15/18 haematological and 14/19
biochemical RIs were transferrable between previous donkey
RIs and these RIs; 3/10 haematological and 5/13 biochemical
RIs were transferrable between these RIs and those
established for donkeys in Mexico and 5/6 haematological
RIs were transferrable with RIs established for donkeys in
Ethiopia.

Discussion

This study, undertaken at the diagnostic laboratory of the
Donkey Sanctuary, evaluates haematological and serum
biochemical parameters of mature, clinically healthy donkeys
resident in the UK. To the authors’ knowledge, this is the most
comprehensive set of reference interval data published for
the domestic donkey under these conditions, although other

TABLE 1: Median and range of biochemical reference values for donkeys and % of a subsample (n = 40) which fall within other stated
biochemical RIs

Analyte Lower limit (CI) Upper limit (CI) Median Sample size 1 2 3

Trig (mmol/l) 0.6 (0.4–0.67) 2.8 (2.6–8.4) 1.4 138 48% 100%* N/A
CPK (iu/l) 128 (124–132) 525 (410–813) 208 137 83% 98%* 45%
AST (iu/l) 238 (192–251) 536 (508–595) 362 137 38% 68% 100%*
GGT (iu/l) 14 (12–17) 69 (58–87) 24 138 88% 100%* 63%
GLDH iu/l 1.2 (0.7–31.3) 8.2 (6.3–9.6) 2.5 136 97%* 100%* N/A
ALP (iu/l) 98 (83–101) 252 (234–270) 152 138 35% 50% N/A
Bile acids (lmol/l) 2.6 (1.3–3.8) 18.6 (17.2–19.8) 10.2 84 25% 100%* N/A
TBil (lmol/l) 0.1 (0.0–0.3) 3.7 (3.3–4.2) 1.6 138 0% 70% 68%
TP (g/l) 58 (54–58) 76 (75–77) 65 138 95%* 100%* 93%*
Alb (g/l) 21.5 (20–22) 31.6 (31–34.2) 26 137 35% 100%* 25%
Glob (g/l) 32 (30–33) 48 (47–51) 38 137 48% 100%* 100%*
Creat (lmol/l) 53 (31–62) 118 (115–135) 87 138 60% 100%* 23%
Urea (mmol/l) 1.5 (1–1.8) 5.2 (4.9–6.3) 3.2 138 83% 95%* 70%
Amy (iu/l) 1 (1–1) 10.6 (9–13) 4 137 85% 100%* N/A
Lip (iu/l) 7.8 (6.8–8.2) 27.3 (25.5–39.9) 12.9 138 100%* 100%* N/A
Ca (mmol/l) 2.2 (2.1–2.3) 3.4 (3.5–3.7) 3 118 55% N/A 15%
Na (mmol/l) 128 (127–128) 138 (137–139) 133 137 50% 83% 100%*
K (mmol/l) 3.2 (2.6–3.5) 5.1 (4.9–5.3) 4.3 137 95%* 58% 43%
Cl (mmol/l) 96 (94–97) 106 (105–107) 102 136 53% 100%* 100%*
Chol (mmol/l) 1.4 (1.4–1.5) 2.9 (2.7–3.1) 2 137 53% 100%* N/A

1 = Anonymous (2011a); 2 = French and Patrick (1995) and Svendsen (2008); 3 = de Aluja et al. (2006), N/A means this parameter was
not available for assessment. NB: ASCVP guidelines state that RIs with ≥90% agreement are acceptable for transference between
populations/laboratories. Where <90% of values fall outside of the RI the transference of the RI is rejected.
* RIs indicating acceptable agreement for transference.

TABLE 2: Median and range of haematological reference values for donkeys and % of a subsample (n = 40) which fall within other
stated haematological RIs

Analyte Lower limit (CI) Upper limit (CI) Median Sample size 1 2 3 4

RBC (1012/l) 4.4 (4.2–4.6) 7.1 (6.6–8.4) 5.5 137 8% 100%* 38% 98%*
PCV (%) 27 (25–28) 42 (40–46) 33 137 68% 90%* 30% 100%*
Hb (g/l) 89 (85–93) 147 (138–156) 110 137 65% 95%* N/A 0%
MCH (pg) 17.6 (15.9–18.4) 23.1 (22.7–24) 20.6 137 8% 93%* N/A 93%*
MCHC (g/l) 310 (286–313) 370 (363–376) 340 137 65% 95%* N/A 98%*
MCV (fl) 53 (49.5–54.7) 67 (66.1–71.0) 60 137 0% 93%* 78% 100%*
Neu (%) 23 (13.5–26.9) 59 (53.7–60.0) 38.3 138 0% 100%* N/A N/A
Neu T (109/l) 2.4 (0.9–2.5) 6.3 (6.0–6.9) 3.7 138 60% 100%* 100%* N/A
Eos (%) 0.94 (0.3–1.3) 9.1 (8.3–12.8) 4.0 138 35% 100%* N/A N/A
Eos T (109/l) 0.1 (0.02–0.1) 0.9 (0.85–1.2) 0.4 138 58% 100%* 100%* N/A
Bas (%) 0 (0-0) 0.5 (0.45–1.4) 0.05 138 N/A 100%* N/A N/A
Bas T (109/l) 0 (0–0) 0.066 (0.06–0.13) 0.005 138 N/A 100%* 63% N/A
Lym (%) 34 (31.7–37.6) 69 (67.4–84.4) 54 138 3% 95%* N/A N/A
Lym T (109/l) 2.2 (1.4–3.0) 9.6 (8.3–10.7) 5.7 138 5% 90%* 40% N/A
Mon (%) 0 (0–0) 7.5 (6–10.3) 3.0 138 68% 88% N/A N/A
Mon T (109/l) 0 (0–0) 0.75 (0.61–1.1) 0.30 138 35% 100%* 100%* N/A
Platelets (109/l) 95 (75–100) 384 (360–467) 201 137 53% N/A 48% N/A
RDW (%) 16.1 (16.0–16.5) 22 (21.3–22.3) 18.3 137 N/A N/A N/A N/A

1 = Anonymous (2011a); 2 = French and Patrick (1995) and Svendsen (2008); 3 = de Aluja et al. (2006); 4 = Lemma and Moges (2009),
N/A means this parameter was not available for assessment. NB: ASCVP guidelines state that RIs with ≥90% agreement are acceptable
for transference between populations/laboratories. Where <90% of values fall outside of the RI the transference of the RI is rejected.
* RIs indicating acceptable agreement for transference.
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studies have assessed the biochemical or haematological
characteristics of donkey blood using study animals from
distinct populations from around the world. A previous study
by French and Patrick (1995) established reference intervals
using a similar UK donkey population to the current one and
these reference values have been used by The Donkey
Sanctuary for clinical assessment of resident and nonresident
animals for nearly 20 years. It is timely to review those
previously published reference intervals in view of changes in
methods and technologies at the diagnostic laboratory of
the Donkey Sanctuary. In addition, nutritional and other
management practices have evolved with the increase in
understanding of the unique requirements of donkey, and
these developments could affect physiological parameters.

It was not possible to directly compare these new RIs with
those of the study by French and Patrick (1995) as the raw
data for the former was not available. In any case analytical
equipment used was not the same in each study and 3
parameters (PLTs, RDW% and bile acids) had not been
previously established. To assess the transferability of these
new RIs with those developed for other populations reference
interval transference validation was undertaken. When RI
transference validation was undertaken, 15/18
haematological and 14/19 biochemical RIs were transferrable
between previous donkey RIs and these RIs. However, on
closer inspection, it is likely that many of the RIs established
by Patrick and French are inappropriately wide for this
population and should not be viewed as transferrable. On
inspection of the RI transference data it can be seen that 12
of 19 biochemical RIs showed 100% transference and 9 of 16
haematological RIs showed 100% transference. Such high
levels of agreement are likely due to inappropriately wide RIs
and according to ASCVP guidelines should be viewed with
caution (Anonymous 2011b). It is noted that the RIs reported
for many analytes demonstrated significant ‘narrowing’ of the
RIs in this study when compared with the study by French and
Patrick (1995).

Of particular clinical note when comparing the new
donkey RI with that reported previously is a narrowing of the
reference intervals for triglycerides with the upper limit of the
range being 2.8 mmol/l as compared with the previous
4.3 mmol/l. It is very important that veterinarians note this
difference as this upper limit of triglycerides is commonly used
to determine the risk of a donkey becoming hyperlipaemic;
donkeys with plasma triglyceride concentration above this
limit would normally begin treatment to correct an ensuing
negative energy balance. Clinicians should be alert to the
fact that, depending on signalment and laboratory methods
used, use of an upper reference limit of 4.3 mmol/l for
triglycerides may not be appropriate and indeed could be
risky for the donkey in their care. Notwithstanding effects due
to changes in methods and technology between these UK
studies, it is also likely that there are physiological reasons for
the differences noted. The study by French and Patrick (1995)
was based on an admirably large cohort (n = 4238);
however, both clinically normal and diseased donkeys were
included in the study thus greater divergence of the upper
and lower limits of the reference intervals could be expected
due to the variable effects of disease processes on various
parameters. The current study sought to establish appropriate
reference values only for clinically healthy donkeys thus
individuals were subjected to stringent clinical checks before
inclusion in the study.

It is not possible to directly compare the RIs developed in
this study with those reported in other studies. Reference
intervals generated by different instruments and using
variable techniques are not comparable and the differences
between the populations studied by others and this cohort
are also limiting. Limited comparisons can be made by RI
transference validation. This validation was carried out to
compare these donkey RIs with those produced for donkeys
resident in Mexico (de Aluja et al. 2006) and Ethiopia (Lemma
and Moges 2009). Results showed limited transferability
between the RIs reported for this population and those
reported for working donkeys in Mexico. In particular, many
of the RIs reported by de Aluja et al. (2006) were significantly
narrower than those reported in this study. This is perhaps
unsurprising as the population studied was smaller (n = 48),
had previously been working animals and were kept under
different conditions to the cohort used for this study.

Determination of transference with haematological RIs
established for working donkeys in Ethiopia was limited to a
smaller number of analytes reported by the study of Lemma
and Moges (2009). Reference intervals transference was
possible in 5 out of 6 analytes assessed suggesting that RI
transferability was high for these analytes between the 2 RIs.
Further work would be useful to determine if transferability is
also possible for a wider range of haematological analytes
and biochemical analytes.

With such a globally ubiquitous species the aspect of
relevance of published reference intervals to local
populations is important. The differences between studies
may be due to differing diagnostic or storage techniques or
may reflect differences in management and use of the
donkeys studied. Best practice dictates that RIs should be
established for each population encountered by a laboratory
and that transference of RIs between laboratories and
contexts should be undertaken with great caution. Where
establishment of specific RIs for donkeys is not possible within
a given context, reasons for disparity between ‘local’ results
and RIs such as those reported here must be borne in mind.
For example, in contexts where donkeys are working (Lemma
and Moges 2009; Etana et al. 2011; Girardi et al. 2013), it may
be expected that haematological RIs such as haematocrit
(calculated PCV) and biochemical parameters such as CPK
are effected by work undertaken. Parasitism also likely
represents an additional variable in some populations, for
example, liver fluke (Fasciola spp.) is known to be endemic in
donkeys in many parts of Ethiopia (Getachew et al. 2010)
and may be expected to contribute to the significantly
higher liver enzymes as reported in other studies (Lemma and
Moges 2009; Etana et al. 2011). Gut endoparasite burdens
may be responsible for significant differences in parameters
such as RBC, TP and Eos due to intestinal damage and
inflammatory responses and will make transference of RIs
challenging in populations with very different parasite
challenges. Differences in feeding practices may impact
significantly, but variably, on RIs and their transference
between contexts. For example, markedly high triglyceride
levels are reported by Al-Busadah and Homeida (2005) in
donkeys fed on a sugar- and fat-rich diet comprising mainly
dates, whilst serum creatinine levels could vary with diets rich
in protein or in donkeys with more developed muscle mass.

Many previously published studies on donkeys have
focused on specific breeds (Folch et al. 1997; Jordana et al.
1998; Al-Busadah and Homeida 2005; Caldin et al. 2005;
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Girardi et al. 2013) which may not reflect the general donkey
population especially when study populations are small; the
reference values of Al-Busadah and Homeida (2005) for
example were garnered from 13 individuals. In the study by
Courouc�e-Malblanc et al. (2008) the majority of animals
sampled were lactating or heavily pregnant females thus
representing a physiologically specific cohort. The
transference of the RIs reported here would undoubtedly be
inappropriate to these populations and the establishment of
RIs relevant to specific populations as those mentioned is
beneficial to veterinarians working within the local context;
however, such RIs have limited applicability to other
populations.

Despite the proverbial longevity of donkeys, especially
when kept as pets or companions, previous study of age-
related effects on their physiology is relatively limited (Zinkl
et al. 1990; Mot et al. 2011). Changes in physiological
parameters according to age are sometimes discussed in
published work but the relative longevity of global donkey
populations varies and what constitutes ‘young’, ‘adult’ and
‘aged’ donkeys in such study populations are too inconsistent
for valid comparisons to be made (Zinkl et al. 1990; Dinev
et al. 2009; Mot et al. 2011). In countries where donkeys are
working hard, lifespan tends to be shorter than in animals
kept as pets and the complex influences of diet, genetics,
environment and socioeconomic factors, as well as physical
effects (work) on ‘ageing’ mean that it is unlikely to be
legitimate to extrapolate age-related effects between
populations. Thus studies establishing reference intervals for
such populations are not relevant to a broad range of ages.
Conversely, the study by French and Patrick (1995) included
companion donkeys from the full age range of animal
available for study (0–49 years old) to reflect the pet donkey
population in the UK. Although age did not appear to be a
significant factor in that study the inclusion of immature/
juvenile donkeys with adult/aged animals could be
questioned and the current study therefore concentrates on
mature adults 4–24 years old. In view of the longevity of the
pet donkey further elucidation of age-appropriate reference
intervals throughout their typical lifespan would be of value
to veterinarians and is currently being pursued.

The Donkey Sanctuary promotes the mantra “donkeys are
different” and these unique animals should in no way be
considered merely as small horses. Notwithstanding variations
in sample handling and analysis, in common with previous
studies in donkeys (Zinkl et al. 1990; French and Patrick 1995;
de Aluja et al. 2006; Lemma and Moges 2009; Getachew
et al. 2010; Etana et al. 2011) the reference intervals
established in the current study appear to be significantly
different to those recently generated for non-Thoroughbred,
adult horses (Anonymous 2011a). When RI transference
validation was undertaken with these RIs and those of horses
(Anonymous 2011a) only 4 of 20 biochemical analyte RIs and
0 of 16 haematological analyte RIs were transferrable.
Notable biochemical differences included significantly lower
RIs for TBil and Creat and higher RIs for bile acids in the
donkey test population compared with those of the sampled
non-Thoroughbred horses. Haematological characteristics
were markedly different in comparison to the horse reference
values, with no RIs established in this study indicating
transference with horse RI values. By the inclusion of a large
group of mature donkeys (n = 138) of no specific breed or
physiological demands and of varied sizes, the current study

population is intended to reflect the majority of the general
UK pet/companion donkey population. This discussion
underlines the importance of using relevant and recent
reference intervals for clinical assessment of veterinary cases.

Conclusions

This study establishes reviewed reference intervals for
haematological and biochemical parameters for donkeys.
The reference intervals in this study are appropriate for use in
nonworking, mature donkeys kept in temperate climates and
are now used by the diagnostic laboratories of The Donkey
Sanctuary, UK to aid clinical decision-making in their resident
animals. These reviewed reference intervals also underpin
comments appended to results of blood samples from
privately owned donkeys submitted by veterinarians to the
diagnostic laboratory at the Donkey Sanctuary. These
reference intervals may not be relevant to other donkey
populations such as working donkeys in tropical regions. Their
extrapolation to animals of extremes of age or in specific
physiological states should also be undertaken with caution.
The lack of transferability noted between study parameters in
donkeys and horses highlights the importance of using
species-appropriate reference intervals for clinical assessment
of veterinary cases.
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Summary
Over the last few years there has been a nationwide
cooperative effort to establish threshold concentrations and
withdrawal time guidelines for corticosteroid use in
racehorses. As dosing regimens are specific to individual
horses and highly variable, it is not possible to establish
regulatory guidelines for every dosing scenario and therefore
they are often based on single dose administration studies.
The goal of the study described here was to assess the
applicability of current regulatory recommendations for intra-
articular corticosteroids based on clinical protocols used by
practitioners. A total of 58 Thoroughbred and 82 Quarter Horse
racehorses received varying doses of triamcinolone
acetonide, methylprednisolone acetate, isoflupredone or
betamethasone intra-articularly in various joints by the treating
practitioner. Blood samples were collected at 0, 7, 10, 14, 21,
28 and 35 days post drug administration and serum samples
analysed by liquid chromatography mass spectrometry for
quantitation of drug concentrations. Serum elimination varied
depending upon the dose and the number and specific joints
treated. Serum concentrations fell below the ARCI threshold
guidance by Day 7 (100 pg/ml) for both triamcinolone
acetonide (2–40 mg dose) and isoflupredone acetate (4–
30 mg dose) and Day 21 (100 pg/ml) for methylprednisolone
acetate (20–600 mg dose). Betamethasone fell below the
regulatory threshold (10 pg/ml) by 7 days for all Quarter
Horses and for 7/10 Thoroughbreds studied. Drug
concentrations were below the regulatory threshold by Day 10
in the remaining 3 horses receiving betamethasone.

Introduction

The goal of a medication control programme is to: 1) assure
the health and welfare of animal and human participants, 2)
assure a fair and level playing field for all competitors and 3)
safeguard the public interest with anti-doping regulations
wherever sanctioned wagering is involved. Over the last few
years, there has been an international effort to address the
use of therapeutic medications commonly used in racing,
including corticosteroids. Historically, regulation of horse
racing in the United States (US) was on a state-by-state basis
and it was up to specific jurisdictions to establish regulatory
recommendations. Additionally, most regulations were
established well before simulcasting and interstate wagering

was legal. In spite of sporadic efforts at uniformity over the
last several years, there were considerable variations
between state medication and drug regulations and how
those regulations are administered. In 2001, a meeting of
national industry stakeholders, sponsored by the American
Association of Equine Practitioners, led to the establishment of
the Racing Medication and Testing Consortium (RMTC). The
RMTC was tasked with promoting national uniformity with
respect to medication regulations. The result has been a
cooperative effort within the racehorse industry to develop a
national uniform medication programme (NUMP) by
establishing regulatory thresholds and withdrawal time
guidance for a limited number of therapeutic medications.
Whenever feasible, the preference in the US is to regulate
therapeutic medications in blood (serum or plasma). This
effort has been spearheaded by the RMTC through drug
administration research and subsequent recommendations to
the Association of Racing Commissioners International (ARCI).
The ARCI represents the majority of the 38 separate racing
authorities in the US and maintains the Model Rules for racing
in the US (ARCI Model Rules, https://ua-rtip.org/industry_
service/download_model_rules). All states in which racing
occurs are encouraged, but not required, to adopt the
Model Rules.

Corticosteroids are potent anti-inflammatory agents and,
as such, are commonly used to treat performance-related
musculoskeletal injuries and other inflammatory conditions in
equine athletes. In the US, they are currently classified by the
ARCI as Class 4 foreign substances with a penalty category C
(ARCI Model Rules). Due to their potent anti-inflammatory
effects, corticosteroid use close to competition is of particular
concern to regulatory authorities because of the potential to
mask injuries that may otherwise keep a horse from racing.
Regulatory thresholds and withdrawal time guidance are
typically based on carefully controlled studies, utilising a
single dose commonly used by veterinary practitioners. While
necessary for establishment of regulatory guidance, this type
of study does not necessarily reflect how corticosteroid drugs
are typically used in clinical racecourse practice. In the case
of corticosteroids, selection of a ‘common dose’ becomes
more problematic, as the use pattern of this class of drugs is
highly variable between practitioners (Ferris et al. 2011).
Current NUMP regulatory thresholds for triamcinolone
acetonide (TCA) and methylprednisolone acetate (MPA) are
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100 pg/ml, based on a single intra-articular dose of 9 mg TCA
(Knych et al. 2013) and 100 mg MPA (Knych et al. 2014). The
corresponding withdrawal time guidance is 7 and 21 days for
TCA and MPA, respectively. For betamethasone, the
regulatory threshold concentration and withdrawal time
guidance is 10 pg/ml and 7 days, respectively based on a
single intra-articular dose of 9 mg (Anon 2014). For
isoflupredone acetate (IPA), a regulatory threshold
concentration of 100 pg/ml, with a withdrawal time
guidance of 7 days, is recommended (Benson et al. 2014).
These recommended regulatory thresholds were established
based on practical horseracing and racehorse management
and not necessarily based on pharmacodynamic or
therapeutic considerations. Since the withdrawal time
guidance for each drug was based on single dose studies
and in the majority of cases practitioners use combination
corticosteroid therapy, widely varying doses and treat
multiple joints to most effectively treat their patients, the goal
of the study described here was to assess the applicability of
the ARCI regulatory guidance for each corticosteroid
following intra-articular (IA) administration of various clinical
protocols employed by racecourse practitioners.

Materials and methods

Horse selection
Fifty-eight Thoroughbred (TB) and 82 Quarter Horse (QH)
racehorses were studied. Horse selection as well as the
specific corticosteroid, doses administered and joints to be
treated were determined by the treating practitioner as part
of their clinical evaluation of each animal. For the TB portion
of the study, 18 horses received TCA (Vetalog; Kenalog)1,2,
(maximum cumulative dose of 9–18 mg), 21 horses received
MPA (Depo-Medrol)3 (maximum cumulative dose of 40–
600 mg), 7 horses received IPA (Predef 2X)3 (maximum
cumulative dose of 4–18 mg) and 12 horses received
betamethasone (Celestone; Betamethasone Sodium
Phosphate and Betamethasone Acetate)4,5, (maximum
cumulative dose of 12–60 mg) IA in various joints. Quarter
Horses received varying combinations of corticosteroids IA
into various joints including: 1) betamethasone (12–24 mg),
2) IPA (4–26 mg) + betamethasone (12–42 mg), 3) MPA
(40 mg) + betamethasone (24 mg), 4) TCA (10–20 mg) +
betamethasone (6–12 mg), 5) TCA (10-24 mg) + IPA (2-
20 mg) + betamethasone (6–36 mg), 6) MPA (20–40 mg) +
IPA (5-30 mg) + TCA (10–40 mg) + betamethasone (6–
30 mg), 7) TCA (2–20 mg) + MPA (20–40 mg) + IPA (8–
25 mg) and 8) TCA (20–40 mg) + MPA (20–40 mg) +
betamethasone (18–30 mg). Details regarding the specific
drug administered, manufacturer, dose, joints treated, dose
time, concurrent IA administration of other compounds as
well as treatment with IA or intramuscular (i.m.)
corticosteroids in the preceding 30 or 60 days, respectively
were recorded. All drug administrations were conducted by
the treating practitioner.

Blood samples were collected by direct venipuncture at
0, 7, 10, 14, 21, 28 and 35 (MPA only) days post drug
administration from TBs and 0, 7 and 10 days post
administration from QH. All samples were collected by the
treating practitioner into serum separator tubes6. Sample
collection, storage at the racetrack and shipping procedures
were comparable to the processes for post race sample
collection. Samples were centrifuged at the racetrack at

3300 revolutions/min (RPM) and refrigerated prior to being
shipped to the laboratory. Upon receipt at the laboratory,
samples were centrifuged again at 3000 RPM for 10 min and
serum immediately transferred into storage cryovials.7 All
samples were stored at �20°C (approximately 2 weeks) until
analysed by tandem liquid chromatography mass
spectrometry (LC-MS/MS) for quantitation of serum
methylprednisolone (MP), TCA, isoflupredone (IP) and
betamethasone concentrations using previously validated
assays used for post race drug testing (Knych et al. 2013,
2014, 2015).

Results

Thoroughbred study
Of the 58 TBs included in the study, 6 received MPA, 3 received
isoflupredone and one received TCA IA within 30 days prior to
enrolment in the study. Of these, only one horse that had
received MPA had a baseline concentration (520 pg/ml)
exceeding the regulatory threshold. Three horses received TCA
and 3 horses received MPA as an i.m. injection within 60 days
of commencement of the study. Serum baseline
concentrations were below the regulatory threshold for all 3
horses. Table 1 lists the time at which serum concentrations of
TCA, MP, IP and betamethasone fell below the ARCI regulatory
threshold in the TB horses. The elimination time varied based on
the maximum dose administered, specific joints injected as
well as the total number of joints treated. Methylprednisolone
acetate concentrations were below the regulatory threshold
concentration in all horses by Day 21 post administration.
Serum concentrations fell below the ARCI regulatory threshold
by Day 7 (100 pg/ml) for both TCA (9–18 mg dose) and IPA (4–
18 mg dose). For betamethasone, 7 of 10 horses had serum
concentrations below the regulatory threshold (10 pg/ml) by
7 days post administration. Serum betamethasone
concentrations in the remaining 3 horses fell below the
regulatory threshold by Day 10 post drug administration.
Concurrently administered IA medications included hyaluronic
acid (HA) (17 horses) and a HA, sodium chondroitin sulfate and
N-acetyl-D-glucosamine combination product (Polyglycan)8 (7
horses) (Table 2). Of the 3 horses in which betamethasone
concentrations exceeded the regulatory regulatory threshold
at 7 days post administration, one had received 30 mg and 2
had received 60 mg of betamethasone. All 3 horses also
received IA Polyglycan (2.5–5 ml) concurrent with
betamethasone administration (Table 2).

Quarter Horse study
Of the 82 QHs studied, 57 received MPA, 2 received
betamethasone, 2 received TCA and one received IPA IA
within 30 days of commencement of the study. Nineteen of
the 57 that received an IA MPA injection in the previous
30 days had serum MP concentrations at or above the
regulatory threshold (100 pg/ml). No TCA or IP was detected
in baseline samples from horses reported as receiving either
drug in the preceding 30 days. A total of 13 horses received
an i.m. injection of either MPA (10 horses), TCA (2 horses) or
IPA (one horse) within 60 days prior to enrolment in the study.
Of these horses, 5 had MP serum concentrations that were
≥100 ng/ml in baseline samples with 4 of these animals also
having received an IA injection of MPA within the preceding
30 days. The time at which concentrations fell below the
ARCI regulatory threshold for combination IA corticosteroid
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administration to QH, are listed in Table 3. Serum
concentrations fell below the threshold (100 pg/ml) by Day 7
for both TCA (2–40 mg dose) and IPA (2–30 mg dose)
administration. For betamethasone (12–42 mg), all horses had
serum concentrations below the regulatory threshold (10 pg/
ml) by 7 days post administration. Following administration of
MPA (9–40 mg), serum concentrations were below the
regulatory threshold (100 pg/ml) by Day 10 post
administration.

Discussion

The goal of the current study was to assess the applicability
of current regulatory thresholds and withdrawal time
guidance for the most commonly administered IA
corticosteroids following the use of a variety of clinical
dosing regimens. Current regulatory guidance for the use of
IA corticosteroids in racehorses are based upon studies of a
single dose administered in a single joint. It is not possible to
study every corticosteroid dosing regimen employed by
veterinary practitioners, but this study provides veterinary
practitioners with threshold compliance information on a
broad and clinically relevant variety of corticosteroid
treatments.

In the presently reported study, TCA serum concentrations
fell below the regulatory threshold (100 pg/ml) by 7 days post
intra-articular administration at all doses studied. This was true
whether TCA was administered as the sole treatment or in
combination with other corticosteroids. This is in agreement
with previous studies (Soma et al. 2011; Knych et al. 2013)
describing the administration of 9 mg (Knych et al. 2013) or
20–30 mg (Soma et al. 2011) of TCA into a single
antebrachiocarpal joint. Similarly, following administration of
6 mg of TCA into both tarsometatarsal joints (total dose of
12 mg), serum concentrations were less than 100 pg/ml by
7 days post administration (Knych et al. 2011).

Although its use is somewhat controversial (McIlwraith
2010), MPA is arguably one of the more commonly used

TABLE 1: Time at which corticosteroid concentrations fell below the ARCI regulatory threshold following administration of various clinical
doses of triamcinolone acetonide, methylprednisolone acetate, isoflupredone acetate and betamethasone to a total of 58
Thoroughbred racehorses

Drug Dose range (mg) No. joints

Time until below ARCI regulatory threshold

Day 7 Day 10 Day 14 Day 17 Day 21

Methylprednisolone acetate (n = 24) 80 1 1/1
40–200 2 6/11 10/11 11/11

300–400 3 3/4 4/4
160–600 4 3/8 5/8 8/8

Trimacinolone acetonide (n = 17) 9–12 1 5/5
12–18 2 12/12

Isoflupredone acetate (n = 7) 10–18 2 3/3
12 3 2/2

10–16 4 2/2
Betamethasone (n = 10) 30–60 2 7/10 10/10

TABLE 2: Time at which corticosteroid concentrations fell below
the ARCI regulatory threshold when administered in combination
with other noncorticosteroid intra-articular medications to
Thoroughbred racehorses

Corticosteroid
No.
joints

Dose
(mg)

Time when
below RCI
proposed
threshold

Hyaluronic
acid (22 mg)

MPA 2 40–80 Day 7 (4/4)
4 160 Day 10 (1/1)

TCA 2 12 Day 7 (9/9)
Betamethasone 2 12 Day 7 (3/3)

Polyglycan
(2.5–3 ml)

Betamethasone 2 30 Day 7 (3/4)

Day 10 (4/4)
Polyglycan
(5 ml)

Betamethasone 2 60 Day 10 (2/2)

Polyglycan
(3–4 ml)

TCA 1 9 Day 7 (1/1)
2 18 Day 7 (1/1)

TABLE 3: Time at which corticosteroid concentrations fell below
the ARCI regulatory threshold following administration of various
combinations of clinical doses of triamcinolone acetonide,
methylprednisolone acetate, betamethasone and isoflupredone
acetate to a total of 82 Quarter Horse racehorses

Drugs

Dose
range
(mg)

Time until below
RCI regulatory

threshold

Day 7 Day 10

Betamethasone (n = 3) 12–24 3/3
Isoflupredone +
Betamethasone (n = 29)

4–26 29/29
12–42 29/29

MPA + Betamethasone (n = 1) 40 1/1
24 1/1

TCA + Betamethasone (n = 3) 10–20 3/3
6–12 2/3 3/3

TCA + Isoflupredone +
Betamethasone (n = 24)

10–24 24/24
2–20 24/24
6–36 24/24

MPA + Isoflupredone +
TCA + Betamethasone (n = 17)

20–40 16/17 17/17
5–30 17/17

10–40 17/17
6–30 17/17

TCA + MPA +
Isoflupredone (n = 3)

2–20 3/3
20–40 3/3
8–25 3/3

TCA + MPA +
Betamethasone (n = 2)

20–40 2/2
20–40 2/2
18–30 2/2
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corticosteroid formulations in performance horses (Ferris et al.
2011). While the high lipid solubility of this formulation provides
a prolonged local anti-inflammatory effect, it also leads to an
increased residence time within the joint and a longer serum
or plasma detection time, relative to more soluble
compounds (Knych et al. 2014). Similar to previous reports
(Autefage et al. 1986; Lillich et al. 1996; Soma et al. 2006;
Menendez et al. 2012; Knych et al. 2014), in the current study,
higher systemic concentrations were observed with
increasing doses of MPA, including one horse receiving
600 mg which was 200 mg more than the next highest MPA
cumulative dose (400 mg). However, in all studies, including
the presently reported one, systemic concentrations fell
below the regulatory threshold by 21 days post drug
administration. In order to avoid inadvertent positive
regulatory findings, it is prudent to be sensitive to previous
corticosteroid administration. As was demonstrated in the
current study, this is especially necessary in the case of
previous MPA administration, as serum concentrations
exceeded the regulatory threshold in a number of QHs
previously treated with MPA. This is likely due to the longer
residence time of this drug compared with other commonly
used IA corticosteroids in horses.

There are limited published reports describing the
clearance of isoflupredone following IA administration to
horses (Lillich et al. 1996; Benson et al. 2014; Knych et al.
2015). In the study by Lillich et al. (1996), detectable
concentrations of IP and IPA equivalents were reported for
only 12 and 72 h, respectively following IA administration of
4 mg. More recent studies utilising more sensitive LC-MS/MS
methods, reported that plasma isoflupredone concentrations
fell below the regulatory threshold by 36 (Knych et al. 2015)
and 72 h (Benson et al. 2014) post IA administration of 8
and 20 mg of IP, respectively. In the current study,
regardless of the dose administered or the joint treated,
serum IP concentrations fell below the ARCI regulatory
threshold by the suggested withdrawal time guidance of
7 days. The results of previous studies as well as the presently
reported one suggest that a 7 day withdrawal time
guidance is adequate for IA administration of IPA at doses
up to 30 mg.

The most commonly used intra-articular betamethasone
product in horses is a combination betamethasone sodium
phosphate/betamethasone acetate formulation. Current
regulatory recommendations are based on an unpublished
administration study whereby 20 horses received a single IA
dose of 9 mg of betamethasone sodium phosphate/
betamethasone acetate (Anon 2014). The position statement
reports plasma concentrations below the limit of quantitation
(5 pg/ml) by 5 days post administration. Based on this, a
regulatory recommendation of a 10 pg/ml threshold
concentration with a corresponding 7 day withdrawal time
was made. To the best of the authors’ knowledge, there is
only one published report describing the pharmacokinetics of
betamethasone following IA administration to horses
(Menendez et al. 2015); however, the LOQ (50 pg/ml) in that
study is well above the current regulatory threshold (10 pg/
ml) and therefore it is difficult to use this study in the
assessment of the ARCI withdrawal time guidance. In the
current study, the dose of betamethasone administered
ranged from 6–60 mg. The majority of the horses studied had
serum concentrations below 10 pg/ml by 7 days; however, 3
of the TB horses had levels above 10 pg/ml until 10 days post

administration (the next time point sampled). These 3 horses
were at the upper end of the dose range (30 mg [one
horse]; 60 mg [2 horses]) and interestingly all had received IA
Polyglycan. It is not possible from the data in this study to
make any inferences as to whether the prolonged detection
is due to concurrent Polyglycan administration or simply high
dose betamethasone administration, as a limited number of
horses received this combination. However, until this potential
interaction is more extensively studied, it may be prudent to
observe an extended withdrawal time when administering
high doses of betamethasone, whether in combination with
Polyglycan or by itself.

It is important to note that the ARCI recommended
withdrawal time guidance, as well as the results presented
here apply only to IA corticosteroid administration and not
administration by other routes. Other routes of administration,
intramuscular in particular, necessitate a prolonged
withdrawal time. As an example, Soma et al. (2011) have
reported systemic concentrations of TCA above the regulatory
threshold for upwards of 10 days, following i.m. administration
of a 0.04 mg/kg dose. Higher doses and other non-IA routes of
any of the corticosteroids studied here may require an even
more prolonged withdrawal time to avoid inadvertent positive
regulatory findings. Veterinarians should be aware that
extravasation into subcutaneous tissues or inadvertent extra-
articular injection during an intended IA injection may also
necessitate a prolonged withdrawal time.

Although serum elimination varied depending on the
dose and number of joints treated, based on the results of
this study, maximum IA cumulative doses of 40 mg of TCA,
600 mg of MPA and 30 mg of IPA, either by themselves or in
combination with other corticosteroids, should not result in
positive regulatory findings if the ARCI withdrawal time
guidance is followed for each drug. In the case of IA
betamethasone administration, results of this study suggest
that doses less than 30 mg should not result in excess of the
regulatory threshold, when following the ARCI recommended
withdrawal time guidance. However, based on the findings
reported here, doses of 30 mg or greater may necessitate an
extended withdrawal time as serum concentrations did not
fall below the regulatory threshold until 10 days post
administration. It should be noted that as the present study
examined corticosteroid serum levels only and did not assess
urine levels that extrapolating withdrawal time guidance in
racing authorities where corticosteroids are regulated in urine
may not be appropriate.
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increased lameness (within the first 5 days), 6.7% BetaVet® and 8.3% saline 
control; loose stool, 5.9% BetaVet® and 8.3% saline control; increased heat in 
joint, 2.5% BetaVet® and 5% saline control; depression, 5.9% BetaVet® and 1.6% 
saline control; agitation/anxiety, 4.2% BetaVet® and 2.5% saline control; 
delayed swelling of treated joint (5 or more days after injection), 2.5% BetaVet® 
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surrounding blood supply. After the intra-articular administration of 9 mg BetaVet® 
in horses, there were quantifiable concentrations of betamethasone (above 
1.0 ng/mL) in the plasma.

EFFECTIVENESS: A negative control, randomized, masked field study provided 
data to evaluate the effectiveness of BetaVet® administered at 1.5 mL 
(9 mg betamethasone) once intra-articularly for the control of pain and 
inflammation associated with osteoarthritis in horses. Clinical success was defined 
as improvement in one lameness grade according to the AAEP lameness scoring 
system on Day 5 following treatment. The success rate for horses in the BetaVet® 
group was statistically significantly different (p=0.0061) than that in the saline 
group, with success rates of 75.73% and 52.52%, respectively (back-transformed 
from the logistic regression).

ANIMAL SAFETY: A 3-week target animal safety (TAS) study was conducted 
to evaluate the safety of BetaVet® in mature, healthy horses. Treatment groups 
included a control (isotonic saline at a volume equivalent to the 4x group); 1X 
(0.0225 mg betamethasone per pound bodyweight; BetaVet®); 2X (0.045 
mg betamethasone per pound bodyweight; BetaVet®) and 4X (0.09 mg 
betamethasone per pound bodyweight; BetaVet®). Treatments were administered 
by intra-articular injection into the left middle carpal joint once every 5-days for 
3 treatments. Injection site reactions were the most common observations in all 
treatment groups. Injection site reactions were observed within 1 hour of dosing 
and included swelling at the injection site, lameness/stiffness of the left front limb, 
and flexing the left front knee at rest. The injection site reactions ranged from slight 
swelling (in many horses on multiple days in all treatment groups) to excessive 
fluid with swelling, pain, and lameness (4x group only). Injection site reactions 
were observed most commonly on treatment days, and generally decreased 
in number and severity over subsequent days. The incidence of injection site 
reactions increased after the second and third injection (number of abnormalities 
noted on day 10 > day 5 > day 0). In the BetaVet® treated groups the number 
and severity of the injection site reactions were dose dependent. The 4X BetaVet® 
group had the highest overall incidence of and severity of injection site reactions, 
which included heat, swelling, pain, bleeding, and holding the limb up at rest. 
The control group and 4X group (which received similar injection volumes) had a 
similar incidence of injection site reactions; however, the severity of reactions was 
greater in the 4X group. Absolute neutrophils were statistically significantly higher 
in the BetaVet® treated groups as compared to the control group. Trends toward 
a decrease in lymphocytes and eosinophils, and an increase in monocytes were 
identified in the BetaVet® treated groups after the initial dose of BetaVet®. Individual 
animal values for white blood cells generally remained within the reference range. 
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Summary
This study investigated the immediate (6 h or less) effects of
fibrinogen and albumin contained in transfused equine origin
fresh frozen plasma on those proteins when measured in sick
neonatal foals. Fibrinogen and albumin concentrations were
measured in the administered plasma and in 31 sick foals at
admission to a referral neonatal intensive care unit.
Additional samples were obtained from the foals at 2 and 6 h
following transfusion. No changes in albumin concentration
were recognised. The main determinant of fibrinogen
concentration following transfusion was the concentration of
fibrinogen in the foal at admission. Importantly, intravenous
transfusion of equine fresh frozen plasma did not result in
immediate (6 h or less) increases or decreases in the
fibrinogen concentration in the recipient foals. Fibrinogen
from the donor contained within transfused plasma will not
directly affect fibrinogen concentrations measured at later
times.

Introduction

Transfusions of fresh frozen plasma (FFP) are frequently
administered to healthy foals as treatment for failure of
passive transfer or as prophylaxis for Rhodococcus equi
infection and to critically ill neonatal foals as part of their
therapy (Becht and Semrad 1985; LeBlanc 1987; White 1990;
Madigan et al. 1991; Wilkins and Dewan-Mix 1994; Gigu�ere
et al. 2002, 2011). Little is known regarding the effect on the
plasma concentrations of the other components of
transfused FFP in healthy or critically ill foals. Fibrinogen (FIB) is
a plasma protein component that is frequently monitored in
critically ill foals as a measure of the acute inflammatory
response and as an indicator of response to treatment.
Fibrinogen concentration ([FIB]) normally increases from birth
to age 4–7 days, when it reaches mature values (Barton et al.
1995). Increasing or increased [FIB] is found in cases with
inflammation and infection while decreasing [FIB] is thought
to occur with resolution of inflammation or infection.
Fibrinogen concentration monitoring is used to determine
efficacy of treatment of patients with inflammatory disease,
in conjunction with other clinical parameters, and can play a
key role in guiding case management.

Fresh frozen plasma contains, amongst other clotting
factors and proteins, FIB from the donor animal. It is currently
unknown whether the FIB contained in the administered FFP
affects the recipient foal’s [FIB], potentially confounding the
interpretation of changes in [FIB].

The specific aim of the study was to investigate the
immediate (within 6 h) effect of FFP transfusion on [FIB] and
albumin concentration ([ALB]) in critically ill neonatal foals. We
hypothesised that i.v. administration of equine FFP to critically
ill equine neonates will cause changes in the recipient’s
plasma [FIB] proportional to the [FIB] of the administered
plasma. Albumin concentration was concurrently assessed
because it is present in plasma at a larger concentration, has
a longer half-life and should be less affected by acute
changes in the inflammatory status of the foal.

Materials and methods

Animals
Consecutively admitted critically ill neonatal foals (age
<2 weeks) of various breeds and either gender, admitted for
evaluation and treatment and receiving commercially
available equine origin FFP as a part of their treatment, were
enrolled following informed owner consent. All procedures
were approved by the Institutional Animal Care and Use
Committee.

Study design
This was an observational prospective clinical study.

Fresh frozen plasma
Commercially available equine origin FFP was stored
according to the instructions of the manufacturer (HiGamm-
Equi)a. Frozen plasma was thawed slowly in warm water
baths immediately prior to administration. Each lot of plasma
was assayed for albumin and fibrinogen concentrations prior
to administration, using citrated plasma sample(s) provided
by the manufacturer. Plasma lots are prepared by collection
of a single large volume from one horse that is thoroughly
mixed. We had previously established that there was
excellent correlation (R2 = 0.97; P<0.001) between [ALB]
measured in citrated or heparinised plasma (data not shown)
allowing us to use the provided citrated plasma samples to
determine [ALB] and [FIB] in the administered plasma.
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Fresh frozen plasma administration
Fresh frozen plasma was administered at the discretion of the
attending veterinarian as part of the treatment plan for each
foal. No effort was made to standardise timing of FFP
administration following patient admission or rates and
composition of i.v. administered isotonic crystalloid fluids. FFP
transfusion was performed using a i.v. administration set and
a continuous i.v. fluid infusion pump (Alaris Gemini IV)b. After
an initial observation period, the administration rate would
then be increased if no reaction had occurred. Transfusion
duration was not recorded.

Sample acquisition
Admission blood samples were obtained during i.v. catheter
placement at the time of admission (Arrow Central Venous
Catheter)c. The whole blood sample was distributed as
routine aliquots into multiple glass blood tubes with a variety
of anticoagulants, including a 3.2% citrate tube used for this
study. Additional whole blood samples were obtained at 2
and 6 h following completion of the FFP transfusion by direct
venipuncture or by aspiration through the i.v. catheter after
withdrawal of an appropriate presample and placed in 3.2%
citrated tubes.

Fibrinogen and albumin concentration determination
Fibrinogen (nephelometry technique; ACL 7000)d and
albumin (bromcreosol green dye reflectance photometry dry
chemistry slide technique; Vitros 350 Chemistry System)e

concentrations were routinely measured by the hospital
clinical pathology laboratory.

Statistical analyses
Kruskal–Wallis and regression analyses were used to assess
differences between groups, sample periods and
associations. Statistical significance was defined as P≤0.05.
[FIB] to [ALB] ratios, change (D) in [FIB] and [ALB] between
sample times, and percent D in [FIB] and [ALB] between
sample times were calculated in the administered plasma
and at each sampling time for the enrolled foals. Analyses
were performed using commercially available software
(Minitab 16)f.

Results

Data were not normally distributed and are summarised using
median and 25–75 percentile interquartile ranges with
numbers of foals provided as n. Transfusion reactions were
not observed in any foal.

Fibrinogen
Fourteen lots of plasma were used. Median [FIB]Plasma was
2.45 g/l (range 1.52–3.78 g/l). Admission [FIB]Foal was
determined in 31 foals. Not all data at later sample points
were available for all foals.

Neither D[FIB]Foal nor percent D[FIB] over any time period
were significant (Fig 1, Tables 1 and 2). Linear regression
demonstrated that [FIB] of the foal at Admission was the
primary determinant of [FIB] 2 and 6 h after FFP transfusion
(R2 = 82.6%, P<0.001; R2 = 86.7%, P<0.001, respectively; Fig 2).
[FIB]Foal at 2 h was impacted by [FIB]Plasma to a small degree
(R2 = 14.8%, P = 0.043).

Albumin
Median [ALB]Plasma was 24.3 g/l (range 19.6–27.0). D[ALB]Foal
was not significant over any time period (Fig 1, Tables 1 and
2). Similar to [FIB], Admission [ALB] was a significant (P = 0.019)
determinant of 2 h [ALB] (Fig 2). Different from [FIB], [ALB]Foal
at 2 h was not impacted by [ALB]Plasma (R2 = 0.4%, P = 0.769).
No differences were identified between the FFP calculated
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Fig 1: Line plots showing individual foal values for (a) fibrinogen
(g/l) and (b) albumin (g/l) concentrations in sick foals treated
with equine origin fresh frozen plasma at admission and at 2 and
6 h following plasma transfusion. Two foals with extremely high
fibrinogen concentrations have been removed from the plot in
(a) to allow improved ease of viewing detail. There were no
differences between sample times for either fibrinogen or albumin
concentration.

TABLE 1: Summary data for fibrinogen concentration (g/l) and
albumin concentrations (g/l) from 31 foals receiving fresh frozen
plasma transfusion

Admission 2 hours 6 hours

Fibrinogen 2.95 (2.28–455)
(n = 31)

3.28 (2.81–4.31)
(n = 30)

3.23 (2.53–414)
(n = 27)

Albumin 22.9 (19.7–24.8)
(n = 25)

23.7 (2.02–26.2)
(n = 26)

23.4 (20.7–26.5)
(n = 30)

Foals were sampled at the time of admission to the hospital and
at 2 and 6 h following completion of plasma transfusion. Results
are presented as median (25–75th interquartile range)
(n = number sampled). Differences were tested using Kruskal–
Wallis with no significant differences detected for either protein
between any sample timepoints. Statistical significance was set
at P≤0.05.
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fibrinogen:albumin ratio and those calculated for the foals at
any sample time.

Discussion

The results of this study show that [FIB] in commercially
produced equine FFP should not impact [FIB] measured in
sick foals following FFP transfusion to a clinically significant
extent in the immediate post-transfusion period. If longer-term
effects on [FIB]foal are found, they are very unlikely to be not
a direct consequence of the [FIB] of the administered FFP.
However, the immediate (within ~6 h) impact of FFP
transfusion on both [FIB] and [ALB] was not readily
predictable in an individual sick foal (Fig 1).

The data set was also investigated more closely using 2
groups that had either increased or decreased [FIB] at the 2 h
sample time following transfusion when compared to
admission [FIB] by evaluating the percent change in [FIB] over
that and the subsequent 6 h sample time (Table 2). The
percent change was utilised due to the large range of [FIB] in
the foals of the study. Foals having decreased [FIB] at the 2 h
sample time had higher [FIB] at admission when compared to
foals that had an increase in [FIB] at the 2 h sample time,
suggesting that, in those foals, FIB had been diluted in the foal’s
vascular space or that FIB had been consumed. Physiological
(post gestational age related) and pathophysiological
(dehydration, haemorrhage, septic shock) responses affecting
the intravascular volume of the sick foal may result in changes
in [FIB] and [ALB] (Brace 1998; Palmer 2004). Additionally,
normal neonatal foals have substantially larger fluid volumes
relative to their body mass than do mature horses (Fielding
et al. 2011). Large fluid volumes might be required for volume
expansion in sick foals, but the proportion of the administered
fluids ultimately retained in the vascular space might be small.
Very fast rates of i.v. crystalloid fluid administration, and large
volumes, would have been required in some foals in this report
to restore perfusion and could effectively dilute existing FIB. An
additional cocontributor to decreased [FIB] could be disease
severity. A near 2-fold increase in FIB degradation, with
unchanged FIB synthesis, has been described after 4–6 h of
induced acidaemia in pigs (Martini and Holcomb 2007). While
severe acidaemia is uncommon, except in very ill foals, some
foals might have been significantly acidaemic at admission.

Coagulopathy, resulting in FIB loss, is relatively common in
critically ill foals and could also contribute to decreased [FIB]
(Cotovio et al. 2008; Bentz et al. 2009; Dallap-Schaer et al.
2009).

Recently normal foals younger than 24 h were shown to
have a blood volume of ~160 ml/kg bwt with a plasma
volume of ~100 ml/kg bwt (Fielding et al. 2011), similar to
values reported for 2-day-old foals in earlier studies (Persson
and Ullberg 1979; Spensley et al. 1987). The normal,
prototypic 50 kg foal would therefore have a circulating
blood volume of 8 l with a 5 l plasma volume. Addition of
one litre of FFP would theoretically expand the plasma
volume by up to 20% and, should [FIB]Plasma be lower than
[FIB]Foal, effectively dilute [FIB]Foal. Similarly, i.v. administration
of large volumes (2–4 l) of crystalloid fluids to a hypotensive
and/or hypovolaemic foal would dilute [FIB]Foal, effectively
mitigating any potential increase in [FIB]Foal due to FFP
administration in the immediate (6 h or less) post transfusion
period. Most neonatal foals with critical illness present at age
1–3 days, making these fluid volumes relevant to our case
population (Borchers et al. 2012)

Some foals had increased [FIB] at one or both sample
times following transfusion, relative to admission. Post-FFP
administration increases in [FIB] suggest addition of FIB to the
vascular space, possibly due to endogenous production in
response to the primary disease process, or to transfused FIB
followed by translocation of any added free water to the
interstitial space, effectively concentrating fibrinogen in the
vascular space. Coordinated transcription of 3 fibrinogen
genes is upregulated 2- to 10-fold in response to stimuli
including inflammation, infection and tissue injury, mainly by
interleukin-6 and glucocorticoid signalling pathways (Gabay
and Kushner 1999; Redman and Xia 2001). Although
fibrinogen has been considered an acute phase reactant
protein, values generally increase only moderately at 24 h
after induction of inflammation and might not peak for 2–
3 days in the horse (Shalm 1979; Jacobsen et al. 2005; Pollock
et al. 2005; Borges et al. 2007). The kinetics of fibrinogen
synthesis make it unlikely that FIB produced de novo as a
result of FFP transfusion in the foal resulted in important
increases in [FIB] within the time frame of the study. That
stated, steady production resulting from existing stimulation
was likely to be a contributor to some observed [FIB]

TABLE 2: Percent change in fibrinogen concentration ([FIB]) between sampling times

Admission to 2 h
% change

Admission to 6 h
% change

2 h to 6 h
% change

Fibrinogen (ALL) 15.5 (�9.5 to 44.2)
(n = 28)

�2.8 (�8.1 to 29.6)
(n = 25)

�6.8 (�16.3 to �0.9)
(n = 25)

Fibrinogen (increased group) 34.1 (15.5 to 50.1)
(n = 18)

11.7 (�5.3 to 61.6)
(n = 17)

�7.17 (�23.7 to �0.85)
(n = 17)

Fibrinogen (decreased group) �12.8* (�18.3 to �7.9)
(10)

�9.9* (�22.8 to �5.1)
(8)

�4.6 (�6.9 to 6.8)
(8)

Foals were sampled at the time of admission to the hospital (Admission) and at 2 h and 6 h following completion of plasma transfusion
and grouped as having increased or decreased [FIB] at 2 h post transfusion. Results are presented as Median (25–75th interquartile
range) (n = number of foals). Differences in percent change [FIB] were tested using Kruskal–Wallis. Statistical significance was set at
P≤0.05.
* Significant differences were found from admission to 2 h and admission to 6 h between foals that had increased fibrinogen
concentration at 2 h compared to admission (increased group) vs. foals that had decreased fibrinogen concentration at 2 h
compared to admission (decreased group). This difference between the ‘increased’ and ‘decreased’ groups was not present when
evaluated between groups for the 2–6 h period. Admission to 2 h P = 0.001; admission to 6 h P = 0.003; 2 h to 6 h P = 0.268. No
significant differences were found between sampling periods when all foals were considered.
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increases post-FFP transfusion, particularly in foals with well-
established disease.

Differences in both directions, increased or decreased
[FIB] relative to admission, were of greater magnitude and
more frequent between groups at 2 h than at 6 h post
transfusion (Table 2). In fact, by inspection over all foals,
there was small negative percentage of change in [FIB]
from admission at 6 h, supporting the premise that any
observed changes were due to either treatment or disease
processes inherent in the foal, not due to FFP transfusion.
This is also supported by the observation the [FIB] in the
foal at admission was the major determinant of post
transfusion [FIB] (Fig 2). The reasons for any observed
differences are undefined, in part due to study limitations,
but in some cases the differences were large enough
potentially to impact case management, if fibrinogen

concentration were measured at unusually short intervals,
with FIB kinetics and effects of i.v. fluid administration not
being considered.

Albumin concentrations have been reported as relatively
constant in foals for the first 3 months of life, increasing to
mature concentrations by age one year (Rose et al. 1979;
Rumbaugh and Adamson 1983). Albumin is a primary
determinant of colloid osmotic pressure, with Thoroughbred
foals having lower measured colloid osmotic pressure than
mature horses (Landis and Pappenheimer 1963; Runk et al.
2000). We had anticipated that [ALB] would be a useful
comparative protein to investigate the impact of FFP
transfusion on [FIB], using the [FIB]:[ALB] ratio, but this did not
prove to be the case, possibly due to the 5- to 10-fold larger
[ALB] obscuring any potential but relatively smaller changes
in [FIB] and its effect on colloid osmotic pressure, drawing
water into the vascular space.

This study could have been improved by controlling
timing of FFP transfusion relative to admission and by carefully
recording times and volumes of additional crystalloid
administration. More complete recording of admission and
subsequent clinical pathology data, including blood gas
analyses, might have allowed for more detailed query of the
results and should be considered in any subsequent studies of
this topic in sick foals.

Using samples obtained immediately prior to FFP
transfusion rather than blood samples obtained at admission
would have limited the variability present in our results
associated with treatment prior to institution of FFP transfusion
and should be considered in future studies. However, we
believe that this study does provide answers to questions
related to the potential for acute (6 h or less) clinically
important changes in [FIB] associated with FFP transfusion:
minimal changes will be observed, generally of low
magnitude and in unpredictable directions, and should not
interfere with the use of [FIB] as a monitoring tool in sick
equine neonates. Importantly, any observed changes in the
time frame of this study could not be related to [FIB] of the
transfused FFP and were more likely to be associated with
underlying disease and administration of other i.v. fluids.

In summary, i.v. transfusion of equine FFP did not result in
important acute changes in [FIB] in the recipient foals.
Observed changes in [FIB] in the foals of this report were not
of a magnitude that should interfere with monitoring of [FIB]
as an indicator of response to treatment, particularly if
performed at more appropriate intervals of approximately
48 h. This study did not investigate the impact of FFP
transfusion on other indicators of inflammation or on
inflammatory mediators in these foals, a potentially interesting
and clinically relevant question.
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Fig 2: Linear regression analysis fitted line graph of relationship
between admission and 2 h [FIB] (a) and [ALB] (b) demonstrating
influence of [FIB] and [ALB] at admission on subsequent 2 h [FIB]
and [ALB]. While [FIB] in the foal at admission has a large and
statistically significant impact on [FIB] at 2 h (R2 = 82.6%;
P<0.001); only a minor relationship is identified for [ALB]
(R2 = 28.5%; P = 0.019).
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Some dewormers claim just one dose of their product is the best way to deworm your horse, but that’s simply not true.

Demand Safety: You won’t find a laundry list 
of warnings and precautions on the PANACUR® 
(fenbendazole) POWERPAC label, like those other 
dewormers, because fenbendazole has a unique 
mode of action that makes it safe for horses of all 
ages, sizes and body conditions.

Demand Efficacy: PANACUR POWERPAC is the only 
dewormer FDA approved to treat ALL STAGES of the 
encysted small strongyle.1 Other dewormers miss a critical 
stage, EL

3
, which can account for up to 75% of the encysted 

small strongyle burden. Plus, it’s the best choice for treating 
ascarids — which are not just a problem in young horses!

SO WHEN IT COMES TO WHICH DEWORMER TO TRUST, DON’T FORGET THERE’S SAFETY IN NUMBERS.

Consult your veterinarian for assistance in the diagnosis, treatment and control of parasitism.
Do not use in horses intended for human consumption. When using Panacur® (fenbendazole) Paste  
10% concomitantly with trichlorfon, refer to the manufacturers labels for use and cautions for trichlorfon.

1 PANACUR (fenbendazole) POWERPAC Equine Dewormer product label. 
© 2016 Intervet Inc., d/b/a Merck Animal Health, a subsidiary of Merck & Co., Inc. All rights reserved.
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Summary
Standing laparoscopic removal of abdominally retained
cryptorchid testes may reduce patient morbidity and speed
recovery compared with traditional laparotomy because
anaesthesia is avoided and skin incisions are smaller. Reliably
locating the testis preoperatively is therefore optimal to avoid
unnecessary surgical morbidity and expense. We describe
and review the results of a simple method of location using
ultrasound scanning of the inguinal region, with a negative
result indicating abdominal retention. One hundred and
twenty-seven horses with 141 cryptorchid testes were
identified. Eighty-five testes were identified inguinally: 56
abdominal. Two inguinally retained testes were not observed
on ultrasound (false negatives) and 2 testes were considered
inguinal but subsequently had to be removed from the
abdomen (false positives). Sensitivity of inguinal ultrasound to
predict the location of cryptorchid testes was therefore 98%
and specificity 97%. The technique described herein proved a
reliable technique to locate cryptorchid testes prior to surgery,
minimising morbidity and cost. Suspect cryptorchids with no
external evidence of testes should undergo a screening blood
test prior to this ultrasound method of diagnosis.

Introduction

Cryptorchid, literally meaning ‘hidden testis’, occurs when
one or both testes fail to descend from the abdomen into
the scrotum (Law 1923). Affected animals have a variety of
colloquial names, including rig, ridgling and original. As
cryptorchidism is variously considered heritable (Stout 2013),
affected horses are regarded as genetically unsound and
cannot be used for breeding by most organisations (Haynes
1986).

Castration is necessary to abolish the adverse behavioural
characteristics in these animals and this procedure is more
technically demanding than routine castration. Traditionally,
the inguinal area is searched first before moving to the
abdominal cavity (Cox et al. 1975). Laparoscopy offers
significant advantages over traditional laparotomy
approaches, including improved visualisation, reduced patient
morbidity through smaller incisions and a more rapid post
operative recovery (Fischer and Vachon 1993). Recent data
have questioned this premise. Laparoscopic
cryptorchidecomy carried out under general anaesthesia was
found to have significantly longer surgery times and
experienced higher rates of post operative complication
compared with traditional open surgery (Cribb et al. 2015).
Laparoscopy can also be carried out under standing sedation,
avoiding the increased morbidity and cost associated with

general anaesthesia (Hendrickson and Wilson 1997) as well as
facilitating finding the testis during surgery (Hendrickson 2002).
No objective published data currently exist comparing
standing laparoscopic with traditional techniques, but with
significant experience of both, it is the current authors’
experience that standing laparoscopic cryptorchidectomy is a
rapid technique with few complications.

Ascertaining the location of hidden testes, especially prior
to making a standing approach, minimises the surgical
morbidity and cost of cryptorchid castration. In bilateral
cryptorchid horses where the possibility of previous surgery
exists, active testicular tissue is first identified using a hormonal
assay (Cox et al. 1986). In these and in unilateral cryptorchids,
the location of the missing testis can then be ascertained by
rectal examination (Cox et al. 1986), by ultrasound
examination per rectum (Jann and Rains 1990) or per
cutaneous (Schambourg et al. 2006). Rectal examination
may be dangerous and/or impossible in ponies; however, the
percutaneous technique is appropriate in most cases. It is
these authors’ experience that reliably visualising and
locating an abdominal testis using a previously described
percutaneous technique is more difficult than described
(Schambourg et al. 2006). Therefore, we simplified the
technique to scan only the inguinal region; absence of a
testis was considered to indicate abdominal retention. It is the
purpose of this paper to describe this simplified technique
and its results when applied to cryptorchid horses presented
to 3 hospitals for castration.

Materials and methods

Horses presented for cryptorchid castration at 3 equine
referral hospitals between June 2008 and January 2015 were
identified retrospectively and case records reviewed.

Imaging technique
Inguinal ultrasound examination was carried out in all cases
on initial presentation. Heavy sedation was induced using
intravenous administration of a routine a2-agonist and opiate
drug combination. Horses were restrained in stocks and an
initial manual palpation of the scrotal and inguinal region
was carried out. The skin in this area was liberally soaked with
propanol or surgical spirit for ultrasound coupling. The
ultrasound probe was applied to the inguinal area in a
longitudinal orientation (Fig 1): three authors used a 2–4 MHz
curvilinear ultrasound probe set at 8 cm (Fig 2) depth;
one author used an 8–13 MHz linear probe set at 6 cm depth
(Fig 3). The scrotal and connective tissue abaxial to the
penile shaft and external to the superficial inguinal ring were
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systematically examined. Testicles have a characteristic
appearance, with a uniform grey stroma, bright acoustic
signal on the tunica albuginea and a central vein (Fig 2).
Testicular tissue identified in the inguinal region was
considered to indicate inguinal retention; if none was
identified, abdominal retention was diagnosed.

Surgery
The actual location of the hidden testis was confirmed at
surgery. In brief, horses with inguinal retention were castrated
under general anaesthesia in dorsal recumbency using a
modified scrotal approach (Cox et al. 1975); if descended,
the contralateral testis was removed using a standard closed
or semi-closed technique. Abdominally retained testes were
removed using a standing laparoscopic method (Hendrickson
2002) with a bipolar vessel-sealing device (Ligasure Atlas)1.
The normally descended contralateral testis was then
removed under standing sedation using an open technique
(Turner and McIlwraith 1989), or under general anaesthesia
using a closed technique. The location of retention (inguinal
or abdominal) of the testis was confirmed and recorded in all
cases; complete and incomplete abdominal retention was
not routinely differentiated on preoperative ultrasound.

Statistics
Data were collated on a spreadsheet (Microsoft Excel 2007)2

and statistical tests carried out using separate software
(Medcalc)3. Except where otherwise stated, descriptive
statistics were calculated as median and range. Data were
tested for normality using the D’Agostino-Pearson test. Fisher’s
exact test was used to compare the proportion of abdominal
and inguinal testes at the 3 hospitals, and to identify any
possible differences between the locations of left and right-
retained cryptorchid testes. Significance was set at P<0.05.
The results of inguinal ultrasound determination of location
were compared with the results of surgery to calculate
sensitivity, specificity, negative and positive predictive values.

Results

In total, 127 horses with 141 cryptorchid testes were identified:
113 horses were unilateral cryptorchids and the remaining 14

bilateral. Seventy-one testes were retained on the left and 70
on the right. Breed distribution was 32 Warmblood, 28 Cobs,
18 Icelandic, 18 Standardbred, 13 pony, 4 Thoroughbred, 3
Irish Draught and crosses, 4 cross breeds, 3 Friesian, 2 Quarter
Horse, one Appaloosa, and one Coldblood. Horse age
ranged from 1 to 12 years with a mean of 3 years and
median 2 years.

Diagnosis
Six of the 127 horses (5%) underwent endocrine blood testing
prior to presentation: 4 testosterone assay, one oestrone
sulfate assay and one testosterone stimulation test. No horses
had a history of previous attempted surgery, even though
some were found to have previously undergone surgery, and
8 underwent supplementary rectal examination on
presentation.

Eighty-five testes (59%) were identified inguinally, 46 right
and 39 left; 56 (41%) were diagnosed as abdominal based on
being absent on ultrasound scan (25 right and 31 left). Two
inguinally retained testes were not observed on ultrasound
(false negatives) in one Welsh Cob and one Irish Draught
cross. Two testes were considered inguinal but subsequently
had to be removed from the abdomen (false positives) in
one Welsh Cob and a Warmblood. These errors cancelled
each other out in the descriptive statistics, meaning that the
same numbers of inguinal and abdominal testes were
subsequently removed at surgery, 85 and 56 respectively.

There was no difference in the proportion of left and right
testes retained abdominally and inguinally, with 25 (45%) right
and 31 (55%) left testes being abdominal, P>0.99. There was
no significant difference in proportion of abdominal and
inguinal retained testes at the hospitals, P = 0.25.

Sensitivity of inguinal ultrasound to predict the location of
inguinal testes was 98% (95% confidence interval 92–100%)
and specificity 97% (95% confidence interval 88–99%). The
probability that positively identifying a testis inguinally
correctly indicated inguinal retention (positive predictive
value) was 98% and the chance that not seeing a testis
indicated abdominal retention (negative predictive value)
was 97%. The low rate of false positives and negatives
prevented meaningful comparison between centres.

Discussion

The use of inguinal ultrasound provided a very reliable and
accurate diagnostic tool to determine the location of
cryptorchid testes before surgery, allowing cost effective
surgical intervention with minimal morbidity. Both curvilinear
and linear ultrasound probes proved efficacious. We
hypothesise that the percutaneous use of a rectal ultrasound
probe, readily available in practice, should also be practical.
Jann and Rains (1990) first described the use of preoperative
transrectal ultrasound in 11 horses to locate cryptorchid
testes, obtaining a 100% correlation with surgical findings.
Schambourg et al. (2006) described a technique of scanning
2 additional zones on the flank of the horse to visualise the
abdominal testis in situ. Despite many attempts, we
infrequently visualise abdominal testes using this method
(Fig 4). This may be because horses had not been starved in
many of the early cases attempted, and the authors noted
that prior starvation greatly facilitated visualisation. Our
calculated sensitivity and specificity values of 98% and 97%
respectively in 127 horses compare favourably with 93% and

Fig 1: Under standing sedation, a 2–4 MHz curvilinear ultrasound
probe is used to scan the inguinal area on the missing side using
alcohol as the coupling agent.
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100% in 38 horses (Schambourg et al. 2006). Clearly, our
simplified method of ultrasound scanning would also
diagnose a normal gelding as an abdominal cryptorchid.
Therefore where neither testis present, a blood test should be
performed beforehand to prove testicular tissue is present.

The ratio of inguinal to abdominal testis retention was
2:1, in accordance with 2 earlier reviews of 500 and 205
horses respectively (Cox et al. 1979; Coryn et al. 1981).
Contrary to this finding, Stickle and Fessler (1978) found that
59.4% of retained testes were abdominal in 350 horses,

despite similar ages at presentation. Hartman et al. (2015)
had a similar proportion in 601 horses, namely 59%
abdominal. We found an almost identical distribution of
abdominal and inguinal left and right testes; whereas other
studies have shown large differences, e.g. 75% of left
undescended testes abdominal compared to only 42% of
right testes (Stickle and Fessler 1978). Both breed and age
have been shown to have a very great effect on the side
and location of cryptorchid testes. Rules of thumb based on
retrospective reviews are therefore a very unreliable method

Fig 2: Composite of example longitudinal images obtained using a 4 MHz curvilinear ultrasound probe of the inguinal area in 6
different cryptorchid horses with no palpable evidence of a testis, cranial to the right. Inguinal testes were visible in all, large white
arrows. The size and depth was variable. Note that the abdominal wall with small intestine deep to it was often clearly visible (small
arrows).
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to predict the location of missing left or right testes for the
purposes of surgical planning.

Cryptorchids have been classified into 3 groups within the
literature: inguinal, incomplete and complete abdominal
(Cox et al. 1979). If both the testis and the epididymis are
found within the abdomen, the horse is a complete
abdominal cryptorchid. If the tail of the epididymis enters the
inguinal canal, leaving the testis and remnants of epididymis
within the abdomen, the horse is an incomplete abdominal
cryptorchid. This made no difference to surgical approach
used because the testis was inside the abdomen regardless,
therefore no attempt was made to distinguish incomplete
and complete abdominal retention in this series. The
significance of this type of retention rests solely with
inexperienced surgeons who may inadvertently remove the
epididymis mistaking it for an atrophied testis.

Two false positives occurred in this series, both 2-year-old
horses, in which an incomplete abdominally retained testis
was retrieved. One explanation for these false positive horses
was that the epididymis was misidentified as a testis on
ultrasound. The epididymis is clearly much smaller than a
testis, but it shares many of the same characteristic features
of structure and appearance. Routine size measurement of
the structure may alleviate this error and improve sensitivity
further. Another explanation could be that a testis lying very
close or over the deep inguinal ring could be visualised
inguinally and erroneously labelled as inguinal. The only other
possibility is that the testis retracted internally through one or
both inguinal rings during hoisting in dorsal recumbency. To
minimise time and cost, both false positive horses in this study
underwent the transinguinal abdominal cryptorchidectomy
method described by Turner and McIlwraith (1989) rather
than recover to undergo flank laparoscopy. Having an
alternative surgical method available proved helpful in these
horses. Other general anaesthetic techniques that have
been described include parainguinal laparotomy (Wilson and
Reinertson 1987), paramedian laparotomy (Lowe and
Higginbotham 1969), suprapubic paramedian laparotomy
(Cox et al. 1975) and by laparoscopy with the horse
insufflated in Trendelenburg position (Fischer and Vachon
1998; Cribb et al. 2015).

Two false negatives out of 84 inguinal cases occurred; this
appears to have occurred through failing to visualise the

inguinal testis. Possibly the pressure of the probe temporarily
displaced this testis out of view, or it was just not visualised
despite being present. In one case, it was possible to retract
this testis into the abdomen laparoscopically without further
enlargement of the deep inguinal ring. In the other, it was not
possible to retract the testis, therefore the mesorchium was
transected laparoscopically and the testis subsequently
removed under general anaesthesia. Besides the inguinal
percutaneous ultrasound, other diagnostic examinations may
help localising the missing testis. Rectal palpation has been a
useful technique to determine location of abdominal testes,
being utilised in 395 of 604 cases, 65% (Hartman et al. 2015).
Perhaps unsurprisingly, these authors found a statistically
significant beneficial effect of increasing operator
experience, with trainee surgeons being correct in 71% of
patients and faculty surgeons in 94%. Rectal palpation of the
internal inguinal ring may be dangerous in some young
horses and impossible in ponies, but whenever possible it can
provide useful information about presence and size of the
internal inguinal ring and whether or not a ductus deferens is
going into the inguinal canal. If an internal inguinal ring is not
palpable at the cryptorchid side, it is highly likely that the
testis is intra-abdominal.

Fig 3: Example image of an inguinal testis obtained using an 8–
13 MHz linear probe.

a)

b)

Fig 4: (a,b) Longitudinal ultrasound image taken in the same
region (a), showing an abdominally retained testis deep to the
body wall. Corresponding laparoscopic image (b) in the same
horse. Visualising abdominal testes is unreliable in these authors’
experience.
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In summary, our results indicate that scanning the flank to
visualise abdominally retained testes is not necessary
(Schambourg et al. 2006). Ninety-eight per cent of inguinal
testes were predictable by inguinal scanning and 97% of
abdominal testes were correctly predicted by recording their
absence inguinally. The 4 horses incorrectly diagnosed on
ultrasound were relatively easily managed surgically.
Hormonal evidence of active testicular tissue should be
obtained in horses missing both testes before using this
method of diagnosis.
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Summary
Osteochondrosis (OC) is the most prevalent developmental
orthopaedic disease in the horse. It is a complex disorder
because of the interplay of factors that influence the
formation of lesions and the ensuing natural healing process,
the end result of which determines clinical outcome. The
early pathogenetic mechanism of OC has long remained
elusive, but recent research has provided compelling
evidence for vascular disturbances leading to areas of
ischaemic necrosis in the subarticular growth cartilage as the
primary event. The aetiological factors that influence the
process of the development of lesions are many and
comprise both genetic and environmental factors. The
genetic background of OC (dissecans) is highly complex with
quantitative trait loci associated with some form of OC found
on not fewer than 22 of the 33 chromosomes of the horse,
and different manifestations and locations of OC having
probably different genetic backgrounds. The environmental
factors can be divided into nutritional factors and factors
influencing the biomechanical loading of joints. Feeding
large quantities of easily digestible carbohydrates is a clear
risk factor and also the availability of sufficient copper for
mares in the last part of pregnancy is important. Factors
influencing the biomechanical loading of joints include the
exercise regimen of foals, paddock size and roughness of
terrain, and conformation. Equine OC is rarely a life-
threatening disease and the prognosis of (surgical) treatment
is good to very good. However, the impact on economics of
the equine industry and on horse welfare is large. This impact
can only be lessened by the judicious management of both
horse breeding and horse husbandry. Some of the measures
that would alleviate the burden of OC conflict with
(commercial) pressures from the industry and a balance
between human-imposed breeding and performance goals
and the interest of the animal itself should be sought.

Introduction

The term ‘osteochondritis dissecans’ (inflammation of bone
and cartilage with formation of loose fragments) was coined
by the German surgeon Franz K€onig (1832–1910). In his study
on loose bodies in joints he discussed three possible causes.
The first two were traumatic in origin: severe trauma directly
causing breaking off of fragments and lesser trauma causing
necrosis of subchondral bone, indirectly leading to fragment
formation. In the third category lesions were formed without
any substantial trauma, but because of some (unidentified)

underlying lesion (K€onig 1887). Later, this lesion was shown to
be a focal disturbance of the process of endochondral
ossification (Barrie 1987). It is this last category for which the
terms ‘osteochondrosis’ (OC) and ‘OC dissecans’ (OCD) are
used in the veterinary literature.

In the horse, the term OC was already used in the 1960s
(Baker 1960), but a substantial stream of reports on the
condition did not start until the early to mid-1970s. From the
beginning there has been controversy about the
(aetio)pathogenesis. Despite many attempts to do so, no
single causative factor, environmental or genetic, could be
pinpointed, and the disease is now generally acknowledged
to be multifactorial. The pathogenetic mechanism was long
thought to be of primary biomechanical nature, but original
work in pigs and horses by Scandinavian groups has now
provided convincing evidence for a predominantly vascular
pathogenetic mechanism. A large problem in the research in
this field is that samples were often taken from long-existing
lesions that had undergone extensive secondary processes,
which had long effaced any possible traces of primary events
(Pool 1993). In almost all studies using clinical material it is
unfortunately not possible to say whether any abnormalities
are primary or the expression of a secondary response, as it is
known that the reactive repair process starts soon after initial
lesion formation. The evidence for a vascular pathogenetic
mechanism for OC comes from both observational and
experimental studies. These studies conclude that
osteochondrosis occurs as a consequence of ischaemic
chondronecrosis (necrosis of cartilage that is dependent on
blood supply, i.e. growth cartilage). This overview focuses on
(early) pathogenesis of OC, the aetiological factors that have
been identified and the practical implications for clinical
management that follow from these.

Pathogenesis of osteochondrosis

Changes in vascularisation during the process of
endochondral ossification
The thick layer of epiphyseal cartilage of the growing joint
that is destined to change into bone via the process of
endochondral ossification is irrigated by vessels running
through so-called cartilage canals (Wheeler Haines 1933)
(Fig 1). During growth, the canals regress by a physiological
process called chondrification. The timing of this process
varies between different joints, as not all joints mature
simultaneously, as also exemplified by the large differences in
closure times of physes (Butler et al. 2011). The time lag
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between joints can be substantial. Patent cartilage canals
had disappeared in the proximal phalanx after age 3 weeks,
but in the femoral condyle they were still present at 4.5
months and had all regressed at age 7 months. The distal
tibia was in between (Carlson et al. 1995).

Vascular events in early osteochondrosis: pioneering
work in the pig
Much of the initial work on the early pathogenetic
mechanisms of OC has been conducted in the pig, a species
in which the disease has a high prevalence and presents
major economic and welfare concerns (Jørgensen and
Andersen 2000). In this species it was shown that areas of
chondronecrosis related to necrotic cartilage canals could be
found, which were much larger in commercial pig breeds than
in miniature pigs of wild hog ancestry (Ekman et al. 1990).
Artificial devascularisation led to the formation of areas of
ischaemic chondronecrosis (Carlson et al. 1991; Ytrehus et al.
2004). These observations led to the hypothesis that local
biomechanical damage to cartilage canals, especially to the
vulnerable anastomosing branches that run through the
ossification front, would be the first step in the pathogenesis of
OC (Ytrehus et al. 2007). The earliest lesion following vascular
failure was an area of ischaemic chondronecrosis located at
intermediate depth of the epiphyseal growth cartilage,
designated as OC latens. With time, the area became
surrounded by the ossification front and clinically apparent, at
which stage it is called OC manifesta (Ytrehus et al. 2004).

Vascular events in early osteochondrosis: the situation
in the horse
Later work in the horse provided evidence for a similar
pathogenetic mechanism in this species. Material was
collected from the distal tibia of 100 foals submitted for post
mortem examination between 191 days of gestation and
153 days post partum (Olstad et al. 2007). Identical lesions to
those that were previously identified in pigs, i.e. areas of
ischaemic chondronecrosis (Fig 2) were observed in the
cranial intermediate ridge predilection site for
osteochondrosis in nine of the 100 foals (Olstad et al. 2007).

The blood supply to the distal tibia was then studied in
nine Standardbred foals aged 0–7 weeks by a technique
involving arterial perfusion with barium, followed by clearing
of the cartilage with methyl salicylate, which renders the
perfused vessels visible to the naked eye (Olstad et al. 2008a,
b). The age window for the presence of cartilage canal
vessels fitted with the age window for development of
radiographically detectable lesions (Dik et al. 1999). During
the age window when vessels were present, epiphyseal
cartilage canals were initially supplied by vessels originating
from the perichondrium (Olstad et al. 2008a). With time, the
ossification front advanced to surround the middle portion of
the cartilage canal, after which time vessels in the distal
portion became reliant on an arterial source that was
obliged to traverse the ossification front in order to enter the
cartilage canal (Fig 3). Lesions (n = 12) were consistently
located at the point where vessels should have entered
cartilage canals from bone after being incorporated into it.
This prompted the suggestion that vessels might be
particularly vulnerable to failure at the point where they
traversed the ossification front (Olstad et al. 2008a), i.e. where
tissues of highly different plasticity meet and create a sharp
stiffness gradient (Fig 4a,b).

In the femoropatellar joint, regression of blood vessels was
less advanced at this early age than in the tarsocrural joint
(Olstad et al. 2008b). This agrees with the observation that
the femoropatellar joint matures later with respect to most
other joints (Lecocq et al. 2008) and is in line with earlier work
showing that the peak of osteochondrotic lesion
development is later in this joint than in most other joints (Dik
et al. 1999). This means that there is no difference in
pathogenetic mechanism of OC in different joints, but there
may be a difference in timing. Indeed, in older foals (aged
31–336 days, mean 148 days), similar chondronecrotic areas
as in the tarsal joint were found (Olstad et al. 2011). Also, in
the metacarpophalangeal/metatarsophalangeal joints, a
similar pattern was observed (Olstad et al. 2009).

Early lesions in the tarsus were studied by micro-computed
tomography (Olstad et al. 2008c) (Supplementary Item 1). In
still-mineralised samples, viable proliferating vessels adjacent

a) b) c)

Fig 1: a) Semischematic drawing of the ossification process of the long bones in mammals. After ossification of the originally totally
cartilaginous anlagen and closure of the growth plates, only articular cartilage is left. b) Section of the femur of an 11-week-old
Warmblood foal, showing the richly vascularised subarticular growth cartilage. c) Section of the tarsus of the same foal as b). The tarsus
matures earlier than the stifle and here the layer of subarticular growth cartilage has become much thinner and lost its blood supply.
(Fig 1a from Van Weeren 2006.)
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to lesions were surrounded by mineral opacity and
compatible with separate centres of endochondral
ossification (Fig 5, Supplementary Item 2) that, combined with
phagocytosis of necrotic cartilage and intramembranous
ossification of granulation tissue, could lead to filling of lesions
with bone (Olstad et al. 2008a). This would explain how even
major lesions can heal without leaving traces at a very early
age (Dik et al. 1999).

Finally, the hypothesis that vascular failure could lead to
OC and OCD was tested experimentally by surgical
transection of vessels supplying the epiphyseal cartilage
canals of the lateral trochlear ridge of the distal femur in 10
Fjord pony foals at age 13–15 days (Olstad et al. 2013)
(Supplementary Item 3). Vascular transection resulted in
cartilage canal and chondrocyte necrosis in all operated

foals, and was associated with a focal delay in
endochondral ossification, i.e. OC in three out of five foals
examined 21 days or more after transection. Pathological
cartilage fracture through the area of ischaemic
chondronecrosis, i.e. OCD, occurred in one foal examined
42 days after transection (Olstad et al. 2013) (Fig 6).

The early pathogenetic mechanism of osteochondrosis
It can thus be concluded that there is at present compelling
evidence for a crucial mechanistic role in the early
pathogenesis of OC in the horse of failure of vascularisation
of the growth cartilage via the cartilage canals. This
mechanism can explain many features of equine OC, such
as the joint-specific time windows (related to joint-specific
patterns in the progress of the ossification front and
subsequent vascular rearrangements), and the frequent
bilateral occurrence. However, these complex vascular
rearrangements that take place during the process of
endochondral ossification and the related vulnerability are
common to all horses and not only to those developing
osteochondrotic lesions. There are, therefore, other
aetiological factors that incite or predispose to lesion
formation during this vulnerable period. Biomechanical
loading is obviously one of them, but differences in the
biochemical and/or biomechanical characteristics of key
tissue components may play a role as well. These factors are
partly genetically, but to a large extent environmentally
determined and may hence be heavily influenced by the
management of the young horse.

Aetiological factors

As pointed out, there is now convincing evidence for a
common pathogenetic mechanism for osteochondrotic
lesions. However, this is not equivalent to a single aetiology.
There is common agreement that the background of OC is

Fig 2: Microphotograph of a femur of a 114-day-old foal. A
necrotic cartilage vessel, surrounded by an area of necrotic
matrix can be seen (arrow). Scale bar: 1 mm. (From Olstad et al.
2011.)

a) b)

Fig 3: Images of three-dimensional volume-rendered models of micro-computed tomography scans of a tissue block (approximately
2 3 2 3 2 cm) from the cranial part of the distal intermediate ridge of the tibia of a 3-week-old foal. The block contained a permanent
barium angiogram, and only the greyscale segments representing barium and bone are shown. a) A vessel originating from the
perichondrial plexus on the cranial aspect of the distal tibia courses into the subchondral bone towards the cranial apex of the distal
intermediate ridge (black arrow). Distal and caudal to this, towards the distal articular surface of the intermediate ridge, vessels emerge
into the growth cartilage directly from subchondral bone (white arrow). b) The greyscale segment for bone has been rendered more
translucent than in a), illustrating how the midsection of cartilage canal vessels is incorporated into the advancing ossification front
during growth. This traversing of junctions between tissues of different plasticity (e.g. bone and cartilage) is believed to render vessels
particularly vulnerable to failure.
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multifactorial, containing both genetic and environmental
elements. Heritability estimates for OC vary considerably, but
are rarely higher than 0.35, which implies that most of the
variation is explained by environmental factors. There are
many environmental factors that have been shown to be
related to OC, but they can be divided into two major
categories: those somehow influencing the biomechanical
loading of the juvenile joints; and those related to the intake
of several nutrients.

Genetics
There are strong indications that genetics play an important
part in OC. Osteochondrosis does occur in feral horses, but
the prevalence is much lower (about 2.5% in the tarsocrural
joint and even 0% in the femoropatellar joint) (Valentino et al.
1999). Further, the disease is more than rare and in fact
virtually absent in ponies (Bj€ornsd�ottir et al. 2000; Strand et al.
2007; Voûte et al. 2011). Hence, either genetic factors or
management factors are at the base of the high incidence
in many other horse breeds; it is most probably a
combination of both.

Heritability
Many studies have aimed at determining heritability
estimates (h2) for OC. However, values vary widely (for a
review, Distl 2013), which is caused by the fact that this area
is complicated and that there are many confounding factors.
Any genetic study is heavily dependent on the definition of
the phenotype and in the case of OC the situation is severely
complicated by the fact that the phenotype is not stable
over time, as lesions tend to heal until a certain age. In OC,
the phenotype is determined radiographically and an animal
may be positive on radiography at age 6 months and free of
the disease at age 12 months, thus showing either a positive
or a negative phenotype depending on the moment of
examination while still being genetically exactly the same
animal. Further, animals presented for selection events (from
which many studies have used radiographic data) are usually
heavily preselected, as owners do not want to present OC-
positive animals. Therefore, prevalence figures for offspring of
given sires based on these studies are virtually always
underestimations. Also, the number of positives may be
influenced by the number of radiographic views taken, as

a) b) c)

Fig 5: Lesions of osteochondrosis associated with ongoing ossification. Images of three-dimensional volume-rendered models of blocks
containing permanent barium angiograms are shown. A, Axial; D, dorsal; L, lateral; Pl, plantar. a) Two-week-old foal, distal intermediate
ridge of tibia, oblique distal view: a perfused vessel descends on the cranial aspect of the process to terminate within the growth
cartilage immediately superficial to a triangular indented defect in the subchondral bone plate. The vessel terminus was surrounded by
a spherical bone opacity (arrows), compatible with a separate centre of ossification, seen as an early manifestation of the repair
process. b) Three-week-old foal, intermediate coronoid process, distal view: there is a circular indented defect in the subchondral
bone plate (arrows). c) Seven-week-old foal, lateral trochlear ridge, distal view. There is a circular indented defect in the subchondral
bone plate (arrows), partially filled by a hemispherical bone opacity, representing the repair process. (From Olstad et al. 2008c.)

a) b)

Fig 4: a) Arrows: perichondrial vessels becoming surrounded by/incorporated into bone. Arrowheads: vessels in distal portions of
cartilage canals exiting normally from subchondral bone after incorporation (from a 3-week-old foal). a) Arrows point to where vessels
fail to exit and histological lesion was found. Both images are perfused and cleared slabs (from a 1-week-old foal). (From Olstad et al.
2008a.)
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some lesions may not be visible on standard lateromedial or
anterior–posterior views. Another important confounding factor
is that in some studies all osteochondral fragments are
counted as OC lesions, whereas others discriminate between
fragments likely to be osteochondrotic in nature and those
supposed to be of other origin, such as plantar/palmar
osteochondral fragments (Sønnichsen et al. 1982; Dalin et al.
1993; Nixon and Pool 1995). Also, the outcome of genetic
studies will depend on whether OC is defined at the animal
level or at the joint level. Lastly, the methodology differs
between studies. Sire models only account for paternal half-sib
relationships. Animal models use information on all relatives of
an animal without reduction to specific structures of relatives
(Lykkjen et al. 2013, 2014). Osteochondrosis (OC) is always a
categorical variable, in which case a threshold model or a
transformation to the underlying distribution should be applied
to avoid underestimation (J€onsson et al. 2011).

All these factors together make genetic studies on OC
difficult to interpret and even more difficult to compare
between each other.

Molecular genetics
There have been great advances in molecular genetics in
recent decades. The basic genome of the horse was published
in 2009 (Wade et al. 2009), opening the way for genome-wide
association studies. Osteochondrosis was a logical candidate
for this approach and the outcome of these studies gave
further insight in the complexity of OC. Regions associated with
some phenotypic manifestation of OC were found on no fewer
than 22 of the 33 chromosomes of the horse (Dierks et al. 2006,
2007, 2010a,b; Wittwer et al. 2007; Felicetti et al. 2009; Lampe
et al. 2009a,b; Lykkjen et al. 2010; Corbin et al. 2012; Orr et al.
2012; Teyss�edre et al. 2012; Distl 2013). There appeared to be
large differences with respect to these quantitative trait loci
between breeds, joints and even manifestations of OC. Only
two of 24 quantitative trait loci found to be associated with OC
in Hanoverian Warmbloods were shown to be associated with
the disease also in Thoroughbreds (Corbin et al. 2012). The
phenotypic and genotypic association between OC in the
tarsocrural joint and in the metacarpophalangeal/
metatarsophalangeal joints turned out to be very low, if not
virtually nonexistent, in many studies (Van Grevenhof et al.
2009a,b; Lykkjen et al. 2012) and there are even indications
that different manifestations of OC within the same joint
(fragmentation versus flattening of the joint) may represent
different traits (Van Grevenhof et al. 2009b). Hence, whilst there
is uncontestably a genetic component in OC, this genetic
contribution is far from straightforward.

Genes involved
From the molecular genetic studies, several candidate genes
have emerged as potentially implicated in OC (Table 1).
Many of those are not directly related to cartilage or bone
metabolism, but have more general roles. A major problem
with studies using material from horses with established OC is
that no discrimination has been made yet between primary
and secondary processes. This is very difficult to achieve, as
the healing process is known to follow soon after lesion
formation. This applies also to the work comparing gene
expression profiles of leucocytes from horses affected by OC
and normal controls. In that work dysregulation of a number
of pathways in OC-affected animals was noted, among
others in Wnt, Indian hedgehog (Ihh), and transforming
growth factor-b signalling (Serteyn et al. 2010). Ihh is an
interesting target, given its role together with parathyroid
hormone-releasing peptide in the feedback loop involved in
chondrogenesis (Semevolos et al. 2002). However, in another
study no relation of genetic polymorphism of the Ihh gene
with OC could be demonstrated in Polish Halfbreds (Zabek
et al. 2013). In the pig the gene encoding T-box transcription
factor 5 was shown to be associated with OC (Rangkasenee
et al. 2013). This is potentially interesting as this transcription
factor is involved in vascularisation, but no data on the horse
exist thus far. The study by Olstad et al. (2008a) on vascular
changes in the growth cartilage is probably most relevant in
the quest for the genetic background of OC, as it was
performed on very young foals. In that study the tousled-like
kinase two gene and an unknown gene were upregulated in
foals predisposed to OC (Austbø et al. 2010).

Genomic selection
The genetic background of OC is clearly very complex and
not easy to unravel. An important limiting factor is the lack of
agreement in the definition of the phenotype. This leads
inevitably to variation in outcome. It is highly unlikely that a
simple genetic test comprising only few culprit genes will ever
be developed for OC. This does not exclude genomic
selection. Genomic selection is a possible and likely future
avenue for the selection against OC in the horse. In genomic
selection genome-wide single nucleotide polymorphism
genotype information is combined with pedigree and
phenotypic data to produce genomic estimated breeding
values. In several commercial species, such as dairy livestock,
genomic selection is now reality (Stock and Reents 2013). A
limitation of genetic selection is that large reference
populations are needed to obtain highly accurate estimated
breeding values. This is relatively easy in cattle, but less so in

a) b)

Fig 6: a) and b) Pathological cartilage fracture (arrows) through the area of ischaemic chondronecrosis, i.e. osteochondrosis dissecans
occurred in one foal examined 42 days after vessel transection (Olstad et al. 2013).
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horses. It has been shown, however, that in case of a limited
number of phenotypic records the same individuals should
be phenotyped and genotyped, rather than genotyping
parents and phenotyping their progeny, as is often done in
commercial livestock breeding. On the condition that the
generation interval is substantially shortened (which is possible
when using genomic selection), genomic selection can,
under those circumstances, be more effective than classic
breeding schemes based on either own phenotypically
recorded performance or performance of progeny (Van
Grevenhof et al. 2012). The Royal Dutch Sport Horse studbook
now has changed from progeny testing to genomic
selection. However, it should be realised that the genetic
component only accounts for a relatively small part of total
variation, especially in certain joints such as the stifle, and
that environmental factors are more important.

Environmental factors

Two major groups of environmental factors play a role in
equine osteochondrosis: biomechanical loading and
nutritional factors. Within these main categories, there are
several more specific factors.

Biomechanical factors
Biomechanical loading of specific sites can explain the well-
known existence of consistent predilection sites within joints.

It is likely that the great change in loading of the joints
after birth is an important event in the pathogenesis of OC.
Tiny areas of chondronecrosis have been found in all animals
in a study on 21 fetuses, but these did not feature specific
changes in the collagen matrix compatible with early OC
and were seen as a feature of normal development (Lecocq
et al. 2008) and no real osteochondrotic lesions have thus far
been diagnosed in fetuses, which is a strong indication for
the influence of post natal joint loading. A triggering role for
biomechanical forces acting on vessels during the time
window of their greatest vulnerability fits very well with the
vascular early pathogenetic mechanism of OC discussed
earlier (Ytrehus et al. 2007; McCoy et al. 2013). Also, areas in
the growth cartilage where a dramatic change in collagen
fibre organisation has been shown (Lecocq et al. 2008) may

be prone to biomechanically induced trauma. It is then the
character of the insult (magnitude, direction of force,
repetition) together with the local ‘tissue quality’ that will
determine whether a lesion will result or not.

Biomechanical (over)loading of joints is in the horse
strongly related to the exercise regimen the animal is
subjected to. Physical exercise in the juvenile period is known
to have a crucial role in the conditioning of the entire
musculoskeletal system with consequences for injury
resistance later in life (Helminen et al. 2000; Brama et al.
2002). It is exactly in this period of rapid growth and
development that osteochondrotic lesions develop and OC
cannot be seen separately from these developmental
processes (Van Weeren and Brama 2003). Hence, exercise of
foals is an important factor in the development of OC, as has
been shown by several studies. In a large field study, the so-
called BOSAC (Breeding, Osteoarticular Status and Athletic
Career) study (Robert et al. 2013) it was shown that there
were associations of both prevalence and severity of
osteochondrotic lesions with irregular access to pasture, and
with keeping animals in very large plots (Lepeule et al. 2009,
2013). ‘Mixed housing’ (stabling overnight and pasture access
during the daytime, as opposed to continuous housing at the
same spot) and rough and slippery grazing grounds were also
risk factors (Praud et al. 2013). Another, unrelated, study
showed that that foals housed exclusively at pasture until age
1 year are significantly less affected by OC than foals
exclusively housed in a box or ‘mixed’ (Vander Heyden et al.
2013). It seems therefore that lack of joint loading, or irregular
joint loading in the sense of uneven joint loading over time or
with respect to level and/or direction of forces that are
exerted on the joints are risk factors for the development of
OC.

Nutritional factors
Growth rate and energy intake
From the onset of research on OC, the impression existed that
the disorder was principally a disorder of large-framed,
rapidly growing individuals or breeds (Olsson and Reiland
1978; Str€omberg 1979). There appeared to be no
straightforward relationship with absolute bodyweight,
however; but there is now ample evidence that a high

TABLE 1: Candidate genes potentially involved in equine osteochondrosis as identified by quantitative molecular genetic investigations

Abbreviation Gene name n Phenotypic trait Breed References

NCDN Nerochondrin 2 OC(D) TC; MCP/MTP HW Dierks et al. (2010a)
HECW1 HECT, C2 and WW domain containing

E3 ubiquitin protein ligase 1
4 OC TC; MCP/MTP HW Dierks et al. (2010b)

AOAH Acycloxyacyl hydrolase 4 OCD MCP/MTP SGC Wittwer et al. (2008)
CLCA4 Chloride channel, calcium activated, family

member 4
5 OC(D) TC; MCP/MTP NT Lykkjen et al. (2010)

COL24A1 Collagen type XXIV, a1 5 OCD TC
OC(D) TC; MCP/MTP

HW
NT

Lampe et al. (2009a)
Lykkjen et al. (2010)

LOC100073151 Protein-coding gene similar to serum/
glucocorticoid-regulated kinase

10 OC(D) TC; MCP/MTP Lykkjen et al. (2010)

XIRP2 Xin actin-binding repeat containing 2 18 OC TC; OC(D) MCP/MTP SGC Wittwer et al. (2009)
PTH2R Parathyroid hormone two receptor 18 OC(D) TC; MCP/MTP HW Lampe et al. (2009b)
FBXO25 F-box protein 25 27 OC(D) TC; MCP/MTP NT Lykkjen et al. (2010)
TBC1D22A TBC1 domain family, member

22A
28 OC(D) TC; MCP/MTP NT Lykkjen et al. (2010)

HW, Hanovarian Warmblood; MCP/MTP, metacarpophalangeal/metatarsophalangeal joint; n, number of chromosome; NT, Norwegian
Trotter; OC(D), osteochondrosis (dissecans); SGC, South German Coldblood; TC, tarsocrural joint.
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growth rate, at least a high growth rate during certain
periods of time, most probably those coinciding with the
various windows of vulnerability of specific joints, is a factor
associated with more, or more severe, OC lesions (Lepeule
et al. 2013). Mechanistically, a high growth rate may just put
the physiological process of endochondral ossification under
excessive pressure and thereby increase the risk of lesion
development. However, when the high growth rate is caused
by the use of high-energy diets, especially when fed in the
form of easily digestible carbohydrates, also another
mechanism comes into action, as these diets result in a
strong post prandial hyperinsulinaemia (Glade 1986, 1987).
Horses with OC have been shown to have higher post
prandial glucose and insulin responses to feeding with high-
grain ratios than normal horses (Ralston 1996). Imbalances of
insulin and its derivatives insulin-like growth factor (IGF)-I and
IGF-II have a direct effect on the process of endochondral
ossification and OC-positive foals have been shown to have
significantly lower IGF-I activity than OC-negative foals (Sloet
van Oldruitenborgh-Oosterbaan et al. 1999). Insulin also
stimulates the rapid removal of the thyroid hormones T3 and
T4 from the circulation (Glade et al. 1984), which are involved
in chondrocyte differentiation and in the invasion of growth
cartilage by blood vessels before its conversion to bone. The
effect of carbohydrates on thyroid hormone levels is present
in weanlings, but not in yearlings (Glade and Reimers 1985),
which may be a factor in the determination of the specific
time windows for OC. It is clear that nutrition-related
hormonal imbalances may play a role in the development of
equine OC, but they are, like unfavourable exercise
conditions, a risk factor and not a sole aetiological factor.

Imbalances in trace elements and minerals
There has been a strong interest in nutritional copper since a
relationship was reported between low serum copper,
ceruloplasmin level and OC in the early 1980s (Bridges et al.
1984). Incriminating low copper levels as the main cause of
OC seemed very attractive, as there was a very plausible
mechanism (decreased levels of lysyl-oxidase, a copper-
dependent enzyme involved in collagen cross-linking), and
because there was epidemiological evidence emerging that
low nutritional copper was linked to higher levels of
developmental orthopaedic diseases on stud farms in
Kentucky and Ohio (Knight et al. 1985). Further, excessive
intake of cadmium or zinc, both copper antagonists by
displacing it from the sulfhydryl binding sites on
metallothionein, was shown to result in OC-like lesions
(Gunson et al. 1982). However, the reality was more
complicated than that. In experimental studies it was shown
that copper or zinc imbalances had to be huge to exert any
effect and the resulting lesions were often much more severe
than seen clinically (Bridges and Harris 1988; Bridges and
Moffitt 1990). Copper intake recommendations were raised
from the original National Research Council (NRC)
recommendation of 10 ppm (NRC 1989) to 20–25 ppm (Hurtig
et al. 1993) or even 50 ppm (Lewis 1995), but the rationale of
these measures became questionable when it was shown
that in New Zealand, a country where horses tend to stay out
on grass all year round and the OC prevalence is traditionally
low, the natural copper level in grass was 4.3–8.6 ppm
(Pearce et al. 1998).

Foals are, as many mammalian species, born with a large
stock of copper in the liver that they need during the first

months of life, as milk contains hardly any copper. The
copper level in the liver declines gradually to normal levels at
the moment they eat enough grass to ensure sufficient daily
intake (Egan and Murrin 1973). In a study in Thoroughbreds
mean liver copper concentrations were shown to decline
from 374 mg/kg dry matter at birth to 21 mg/kg dry matter at
160 days (Gee et al. 2000). Liver copper concentrations in
foals appeared not to be related to the formation of
osteochondrotic lesions, but foals with higher liver copper
concentrations showed better lesion resolution, and thus may
result in better final clinical outcome (Van Weeren et al.
2003).

Mechanistically, copper may have a chondroprotective
effect through reduction of the activity of the proteinases
cathepsin B and cathepsin D (Davies et al. 1996), rather than
act via lysyl oxidase (Jeffcott and Davies 1998).

The calcium/phosphorus balance is of importance too.
High calcium levels were found to have no influence on the
incidence of OC in foals, but four times the NRC
recommendation of phosphorus resulted in a significantly
increased number of lesions (Savage et al. 1993). The
supposed mechanism was via the induction of secondary
hyperparathyroidism, which would cause increased
osteoporosis and hence weakening of the subchondral bone.
This is an interesting study, as 2.5–6.5 month-old-foals were
studied, which is an age that much later was identified as an
age interval when the dynamic process of OC is very active
and animals are very susceptible to the disorder.

Osteochondrosis in the equine industry

Equine OC is a complex and multifactorial disorder that is
intricately linked to the physiological processes that are going
on in the young, growing horse. The disorder is of great
relevance to the equine industry. It has been estimated that
in North-Western Europe alone, each year 20,000–25,000 foals
are born that will manifest some form of OC during their life
(Van Weeren and Barneveld 1999). The direct loss of animals
may be limited, as only few foals are so heavily affected that
they need to be subjected to euthanasia (Fig 7), but many
of the other animals will require surgery at some stage. This
means substantial economic loss to the equine industry and is
also a serious welfare issue. A more indirect effect is the
elimination from the population of many otherwise very
attractive potential sires because of OC. This loss may easily
be up to 30% of potential breeding stock.

Both genetics and a multitude of environmental factors
play a role. It lies at hand, therefore, that no simple ‘one size
fits all’ management strategies exist that can remediate,
let alone eradicate, the disorder. For a better appreciation of
OC in the larger picture of the equine industry and to
understand the implications of modern horse management
for OC, it may be good to place equine osteochondrosis in
its historical perspective.

Osteochondrosis – a ‘modern’ disease
Unlike many other equine diseases of which written reports go
back hundreds or even thousands of years, OC in the horse is
a relatively new phenomenon. Nilsson’s report from 1947 is
generally seen as the first publication on equine OC (Nilsson
1947), but it is not until the early 1970s that the disease is
mentioned more frequently (Birkeland 1972; De Moor et al.
1972) and only from the 1980s onwards the disorder is
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increasingly recognised as an important developmental
orthopaedic disorder (McIlwraith 1986). Present-day
prevalence in nonpreselected populations is reported as
more than 60% (Wittwer et al. 2006; Van Grevenhof et al.
2009a). This huge increase in importance of OC over recent
decades is concomitant with profound changes of the
management of horses, especially sport horses.

Recent changes in the equine industry and horse
husbandry
Horses have grown considerably taller within a relatively short
period. In the wild, there is no equid, from onager to zebra,
which has an average height at the withers of over 16 hands
(~1.6 m). The Dutch Warmblood horse has increased in
average withers height with 1 mm/year over the past
25 years. In other breeds, such as the Andalusian (or Pura
Raza Epa~nola) this increase is even more. An increase of
1 mm may seem minimal, but it should be realised that the
development from two-hands-tall (~20 cm) Hyracotherium or
Eohippus to the Prezewalski horse that has an average height
at the withers of 12–14 hands (~1.2–1.4 m) took 65 million
years. If Eohippus had increased in height at the same rate
as the Dutch Warmblood, the present-day horse would stand
634,600 hands (or slightly over 40 miles, 63 km) tall!

Horses are seasonal breeders with foals typically being
born in spring, which in nature gives them the best chance to
survive the critical early juvenile phase of life. By setting the
official ‘birthday’ of horses at 1st January (1st August for the
southern hemisphere), we have prompted a demand for
early foals, as these will be older and thus on average
stronger in their age class, which is an advantage during the
first years of competition. Such a policy has, however,
consequences for the management of these foals. In many
parts of the world, weather conditions in mid-winter do not
permit keeping mares and foals outside for long periods of
time. Forcibly, the animals will be confined to stables for most
of the time, which severely hampers their possibility to
exercise. Many studies have been conducted on the effect
of exercise on the development of the equine
musculoskeletal system (for a review see Birch et al. 2013)
and as yet free pasture exercise for 24 h a day in moderately
sized plots comes out as the optimal exercise condition for
raising foals (Van Weeren and Denoix 2013).

Obesity and related hormonal imbalances and metabolic
disorders such as diabetes are currently rampant and a
serious human health concern in many parts of the world. The
phenomenon is, however, on the increase in horses too. In a
recent study a prevalence as high as 31% was reported
(Robin et al. 2015). The causes are similar: excessive high-
energy nutritional intake and insufficient exercise. Insulin
resistance has been reported as a consequence (Carter
et al. 2009), although the relationship with obesity does not
seem to be straightforward in the horse (Bamford et al. 2015).
Alterations in insulin metabolism may affect the process of
endochondral ossification directly along the pathways
discussed earlier.

In some horse breeds selection pressure is high, as is the
case in the racing breeds and in Warmbloods; in other
breeds, such as in most pony breeds and Coldbloods,
selection pressure is much less. It may not be coincidental
that the prevalence of OC is generally much higher in the
breeds subjected to a high selection pressure, and those
having a very narrow genetic base such as the Friesian
horses, than in the breeds that are subject to much less
intense, if any, selection pressure. Some of the traits we tend
to select for, such as early maturity in the racing breeds and
ever-taller horses in many Warmblood breeds, may well be
related to the vulnerability for the development of certain
manifestations of OC.

How to manage equine osteochondrosis in a practical
sense?
In practice, OC is commonly dealt with surgically through the
arthroscopic removal of loose fragments and/or debridement
of affected areas. The prognosis of these interventions is
good to excellent for most affected joints (for a review,
McIlwraith 2013). Further, the effect of minor lesions on
ultimate performance has been shown to be minimal, if any
(Robert et al. 2006; Verwilghen et al. 2013), which means that
in some cases no intervention may carry a good prognosis as
well. Overall, the disorder is manageable and direct clinical
impact is limited. Nevertheless, often horses are operated for
cosmetic and/or commercial reasons and the indirect
economic and welfare impact remains, as well as the
substantial loss of potential breeding stock.

a) b)

Fig 7: a) Post mortem specimen of a 7.5 month-old-foal with a very severe OC lesion of the lateral trochlear ridge of the femur. The
foals were known to have accidentally slipped at age 1 week. Upon radiographic examination at that age, only distension of the
femoropatellar joint was visible. b) Radiographic re-examination at age 4.5 months showed a large radiolucent area with surrounding
bone sclerosis (arrowheads) in the lateral femoral trochlea. (From Denoix et al. 2013.)
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To mitigate the effect of OC on the equine industry,
several measures can be taken. Nutritionally, young horses
should not be fed excessively and especially easily digestible
carbohydrates should be avoided. This will reduce the
chance of hormonal imbalances and may also reduce
growth rate. It may be advisable to give supplemental
copper (e.g. oral supplementation with copper sulfate
equivalent to 0.5 mg Cu/kg live weight/day; Pearce et al.
1998) in late pregnancy in areas where the natural
availability of copper is marginal to ensure high liver copper
levels in the newborn foals. Foals should further be given
sufficient pasture access, ideally all day long. Care should be
taken that any changes in biomechanical loading of the
vulnerable juvenile joints should be gradual and that high
peak-loading (e.g. through inconsistent exercise opportunity
or very rough terrain) should be avoided.

As current management and breeding practices are
strongly implicated in the high incidence of OC in many
breeds, some of them should be questioned. Do we really
need to grow ever-taller horses where for millennia we were
happy with much smaller ones? It is known, with the dog
presumably as best example, that breeding to extremes will
lead to severe health problems and thus generate serious
welfare issues. In a performance animal such as the horse
there is a kind of natural limitation to these excesses, but it is
a moral obligation of the equine community not to go down
that road and to balance the ambitions set by man with the
health and well-being of the horse.

Equine OC is to a certain extent inherent to the
species, as illustrated by the presence of the disorder in
feral horses (Valentino et al. 1999), and will probably never
be totally eliminated. The impact on economics of the
equine industry and on the welfare of the horse can be
considerably lessened by the judicious management of
both breeding and a large number of environmental
factors. There is a task for the equine veterinarian to
increase public awareness of the many relevant factors
that have been reviewed in this article and to influence
decision-taking in the equine industry.
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Supporting information

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

Supplementary Item 1: The video shows the volume rendered
model of the intermediate coronoid process of a 2-week-old
foal; the sample may be oriented by the rich vascular
network that is present on the cranial surface of the sample
block.

Supplementary Item 2: The video shows the volume rendered
model from the distal end of the lateral trochlear ridge of a
7-week-old foal.

Supplementary Item 3: The video shows an arthroscopic view
of the arterial pulse within a vessel that courses within the
perichondrium to enter the sub-articular growth cartilage,
before the vessel is transected in order to create ischaemic
chondronecrosis.
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Nutritional management of recurrent colic and colonic impactions
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Summary
Although diagnosis and treatment of horses with colic have
improved in the last 30 years, horses with recurrent colic can
be a diagnostic and management challenge for both owners
and veterinarians, and colic remains a high priority health
concern of owners (Mellor et al. 2001). Nutritional
management of these cases is often based on previous
experience combined with recommendations from the
evidence-based literature. This review will briefly summarise
the aetiologies of recurrent colic and primarily focus on
evidence-based nutritional management of colonic
impactions, sand enteropathy, inflammatory bowel disease,
and idiopathic recurrent colic, which is limited. Additional
topics to be covered elsewhere in this series that are relevant
to this topic include nutritional management of gastric
ulceration, liver disease, colitis, geriatric horses, and feeding
the horse pre- and post surgery.

Introduction

Recurrent colic can be defined as repeated episodes of
abdominal discomfort over weeks to years with normal
periods in between; while chronic colic refers to evidence of
colic signs being observed daily for 3 or more days
(Schramme 1995; Mair and Hillyer 1997). The causes of
recurrent colic are varied and reported aetiologies include
parasitism, ulcers, large intestinal obstructions, intestinal
neoplasia, small intestinal stenosis, obstruction or muscular
hypertrophy, abdominal abscess, abdominal adhesions,
chronic grass sickness, enteroliths, intra- or extra-luminal
masses resulting in partial obstructions, inflammatory bowel
disease (such as eosinophilic or lymphoplasmacytic enteritis
or enterocolitis), spasmodic colic, colonic displacements,
and many others (Schramme 1995; Hillyer and Mair 1997).
Although a definitive aetiology cannot always be
determined, many diagnostics are currently available to
assist in determining the most likely cause. Nutritional
management of these cases can be challenging to direct
without the establishment of a definitive aetiology.

In one study (Mair and Hillyer 1997), causes of chronic
colic included colonic impaction (31%), peritonitis (16%), no
diagnosis (8%), enteritis/colitis (7%), colonic displacement/
torsion (6%), lymphosarcoma (4%), and, to lesser extent,
intestinal adhesions, ileal obstructions, liver disease, caecal
impactions, thromboembolic disease and intussusceptions.
Exploratory celiotomy may be recommended to attempt to
make a definitive diagnosis, but owners should be aware that
some cases are not amenable to treatment. The prognosis for
successful surgical resolution is determined by the lesion, as
for any type of colic, but is probably comparable to the

prognosis for acute surgical forms of colic. In some horses in
which a specific cause is not found at surgery, clinical signs
can persist after surgery, and usually dietary and
management changes are recommended for these horses.
Treatment and management of affected horses are most
effective when they can be targeted at a specific
established diagnosis.

Nutritional management of colonic impactions

The most frequent type of simple obstruction resulting in colic
is impaction (Tinker et al. 1997a; White and Dabareiner 1997).
An association between feeding practices and disturbances
in gastrointestinal function has long been hypothesised, but
the mechanisms linking diet with the development of
intestinal dysfunction are poorly understood (Clarke et al.
1990; Geor and Harris 2007). Recent changes in type of feed
or amount of concentrate fed have been associated with
increased risk of colic in general (Cohen et al. 1995, 1999;
Tinker et al. 1997b; Hudson et al. 2001), as well as increased
impaction and distension colic (Clarke et al. 1990; Hillyer
et al. 2002). A 2007 study of impaction colic in donkeys
indicated that the risk of colic was more than doubled in
those fed extra concentrate rations (Cox et al. 2007).
Changing to a poorer-quality, less digestible hay may also
predispose horses to large colon impaction (Cohen et al.
1999).

Many prospective studies have identified specific
feedstuffs that may present greater colic risk. Although it has
not been a consistent finding, pelleted feeds have been
proposed to represent a colic risk in some studies (Tinker et al.
1997b). A study in the UK reported increased risk of large
colon volvulus in horses fed sugar beet pulp and those fed
hay rather than haylage or grass in the month preceeding
veterinary treatment (Suthers et al. 2013). In a subpopulation
of crib-biting/wind-sucking horses, colic risk was found to be
higher in horses fed either hay or haylage compared to grass
(Escalona et al. 2014). It is important to note that the
composition of feedstuffs can vary greatly, and prospective
studies are limited in their definitive evaluation of feeding
management and other associative effects that may also
influence colic risk (e.g. feed/forage quality, amount fed,
number of feedings, group competition at feeding time, how
quickly new feed sources are introduced); thus, the
association of colic events with specific feedstuffs are not
universal to all horses or feeding programmes.

Understanding some of the aetiologies and predisposing
factors of colonic impactions, we can focus the discussion on
nutritional management of these cases. Horses suffering from
simple colic rarely need significant alterations in their diet.
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Feeding horses following impaction is best initiated without
grain or pasture until normal intestinal transit is established
(White and Dabareiner 1997). When a colonic impaction is
identified, initial therapy typically consists of a combination of
analgesics, sedative analgesics, oral and/or intravenous fluids,
and laxatives. Decreased faecal output and appetite are
commonly reported (Hallowell 2008). As such, nutritional
management involves feed restriction until repeat
examination per rectum or manure output suggests that
refeeding will not add to the impaction (White and
Dabareiner 1997). As resolution of the impaction becomes
evident, forage meals are slowly reintroduced. The authors
typically reintroduce hay in small feedings 4–6 times per
day, beginning with several handfuls to one-quarter flake,
and increasing over 2–4 days until returned to maintenance
feeding levels. Weighing hay is recommend to determine
the ideal maintenance rate, as a single flake may weigh
1–2 kg depending on forage type. In the immediate post
colic period, the authors advocate eliminating
concentrates for a short period of 3–7 days, depending on
colic severity, following gradual reintroduction. For routine
feeding of concentrate, provision of more frequent (3
times/day), smaller meals (each <0.4% of bodyweight)
throughout the day is recommended to minimise delivery of
undigested hydrolysable carbohydrate to the hindgut (Geor
and Harris 2007). Ultimately, a well established target for
healthy adult horses is consumption of approximately 2–
2.5% of their body weight daily, with at least 1.5% of body
weight as good quality hay or pasture (Geor and Harris
2007; NRC 2007).

Nutritional management of sand enteropathy

Sand colic can often be resolved with medical treatment,
but nutritional management for cases that require surgery
should follow post operative colic recommendations (Geor
2008). Acute medical management of sand enteropathy
typically involves a combination of mineral oil and psyllium
supplementation, occasionally with the addition of
magnesium sulfate. In one retrospective study evaluating
medical management of sand enteropathy, 90% of horses
survived to discharge and 50% of horses that had repeat
abdominal radiographs demonstrated an improvement in
degree of sand accumulation (Hart et al. 2013). The most
common laxative protocol in the study by Hart et al. (2013)
was a combination of psyllium and mineral oil administered
via nasogastric tube. Recommendations for nutritional
management of sand colic have varied from highly
digestible forage or pelleted feed for 2–3 weeks after sand
has cleared, to provision of free choice hay, to no dietary
change at all (Stratton-Phelps and Fascetti 2003). The most
important treatment for horses with sand colic is to change
their feeding management to prevent further ingestion of
sand (Stratton-Phelps and Fascetti 2003). Routine
recommendations for horses on pasture include feeding
horses in bins, racks or structures elevated above the ground
to reduce inadvertent consumption of sand. If horses are fed
on the ground, provision of ground covering such as rubber
mats or a concrete slab, should be provided to minimise
exposure to sand. Feeding directly on the ground in
paddocks where there is short or no grass is a published risk
factor for sand-related gastrointestinal disease (Husted et al.

2005). Published studies regarding the efficacy of various
supplements for prevention and removal of sand are limited.
A study conducted at the University of Illinois found that
psyllium treatment (1 g/kg bwt for 11 days) was no more
effective than nonsupplementation for removing sand (10 g/
kg bwt) placed surgically into the caecum of ponies
(Hammock et al. 1998). Further, the researchers reported that
simply housing ponies away from sand resulted in clearance
of 70% of the sand load over 11 days. The University of Florida
administered a small amount of sand (300 g) via nasogastric
tube and tested 4 means of sand removal: 1) hay fed at 1.5%
of bodyweight; 2) hay fed at 2.5% of bodyweight; 3) hay fed
at 1.5% of bodyweight plus psyllium (0.5 g/kg bwt) fed in a
single dose; and 4) hay fed at 1.5% of bodyweight with
psyllium (0.25 g/kg bwt) fed twice daily for 6 days. The results
indicated that feeding large amounts of hay (2.5% of
bodyweight, 11 kg for a 450 kg horse) uniformly produced
the largest sand output (Lieb and Weise 1999). A study in
Austria fed horses 1 kg sand mixed with the daily ration of
grain for 5 days, followed by treatment with mineral oil (2 l
q.i.d.) or mineral oil plus psyllium (1 g/kg bwt) and found
greater excretion of faecal ash (as a measure of sand
clearance) with the combination compared to mineral oil
alone (Hotwagner and Iben 2008). A study in Colorado
reported that a supplement containing psyllium, probiotics
and prebiotics resulted in an increase in faecal sand output
in horses with naturally occurring sand load (Landes et al.
2008). However, both the Austrian and Colorado studies
failed to include an untreated control, making it difficult to
discern whether psyllium, or simply a change of
management (and possible sand exposure) was more
effective.

Nutritional management of recurrent colic from
inflammatory bowel disease

Inflammatory bowel diseases (IBD) are characterised by
infiltration of the intestinal mucosa and submucosa with
populations of plasma cells, eosinophils, lymphocytes,
basophils or macrophages. Histological classification of the
different IBD subtyptes includes lymphocytic-plasmacytic
enterocolitis, granulomatous enteritis, multisystemic
eosinophilic epitheliotropic disease, diffuse eosinophilic
enteritis, and idiopathic focal eosinophilic enteritis (Edwards
et al. 2000; Schumacher et al. 2000; Archer et al. 2006; Perez
Olmos et al. 2006). Clinical signs of IBD in the horse include
weight loss, colic, lethargy and dependent oedema, often
associated with enteric protein loss and malabsorption of
nutrients, including glucose. Medical management of these
cases routinely involves corticosteroid treatment and some
dietary management. Historically, prognosis for equine IBD
has been considered to be guarded to poor (Kemper et al.
2000; Schumacher et al. 2000; McCue et al. 2003). However,
a more recent study looked at response to treatment of
presumptive IBD with corticosteroids and anthelmintics and
reported an overall prognosis for long-term survival to be fair
to moderate, with a 3-year survival rate of 65% (Kaikkonen
et al. 2014). That same study identified a low peak xylose
concentration in absorption testing to be associated with a
less favourable prognosis (Kaikkonen et al. 2014). Discussion
of dietary management in published IBD studies is limited,
probably because nutritional management of these cases
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may vary based on the feed tolerance of individual horses.
Cases requiring intestinal resection should be fed according
to post operative colic guidelines (Geor 2008). Those not
requiring resection may need to be fed a complete pelleted
diet if hay results in signs of obstruction through thickened
portions of intestine. In general, protein requirements in these
cases are increased, and a highly digestible feed with 14%
crude protein or higher is recommended (Stratton-Phelps and
Fascetti 2003). Beet pulp and other feeds high in digestible
fibre will serve as an additional source of nutrients in IBD
patients through increased production of volatile fatty acids
by bacteria in the large intestine. Stabilised rice bran (250–
500 ml, twice daily) may be beneficial because it is a source
of moderately soluble fibre and fat and provides an
additional source of calories (Stratton-Phelps and Fascetti
2003). Supplemental fat can be gradually added to the
ration to increase the energy density of the diet (vegetable
oil at 125–250 ml, once or twice daily).

Nutritional management of idiopathic recurrent
colic

Unfortunately, there are occasions when all of our diagnostic
tests do not provide a definitive aetiology for what is causing
recurrent colic in our cases. These cases are the most
challenging to make recommendations for as the evidence-
based literature is limited on what ideal nutritional
management should be. In the authors’ opinion, nutritional
management is often led by trial and error, and what
ultimately is best tolerated by the patient. In these cases,
initial recommendations often include removal of hay, and
switching to pasture and/or a complete pelleted feed,
spread over multiple (3–4) feedings per day. In the authors’
experience, these horses often benefit from 24 h turn out in
conjunction with dietary modifications. It is critical to ensure
the horse remains on a calorically appropriate diet with
adequate fibre for the large intestine. Although an absolute
fibre requirement has not been established for the horse, in
the authors’ experience the diet should contain, at a
minimum 1%, of bodyweight as forage or other high fibre
roughage (>50% neutral detergent fibre, or >18% crude fibre).
More ideally, roughage intake would be at least 1.5% of
bodyweight. Any changes to the diet must be made
gradually, including switching from pasture to hay, or
changing the formula or physical form (textured vs. pellets)
of concentrates. Many horse owners recognise the need for
this transition when adding or changing concentrates, but
they may not apply similar management when changing
forage options. For example, horse owners who lack storage
space for buying hay or other conserved forage in large
quantities should be encouraged to gradually introduce
each new batch they purchase, even if it is the same type
or variety of forage, unless a similar origin of the new forage
can be confirmed (e.g. same harvest date on the same
field, but purchased on separate occasions). Progressively
blending larger amounts of the new feedstuff with
simultaneous reductions of the old feedstuff over a minimum
of 7–10 days is recommended by the authors. Available
research suggests this timeframe is suitable to permit
adaptation within the major microbial communities of the
hindgut (Van den Berg et al. 2013; Fernandes et al. 2014),
but a longer transition period may be needed for more
drastic dietary changes.

Nutritional management of enteroliths

Enteroliths are intestinal calculi composed predominantly of
struvite (magnesium ammonium phosphate hexahydrate).
These stones typically form in the right dorsal colon, and can
subsequently be responsible for complete or partial obstruction
of the right dorsal, transverse, or descending colon (Hassel et al.
2008). Enterolithiasis has a worldwide distribution; however,

a)

b)

Fig 1: a) Small stones passed in manure from draught horse. b)
Radiographs of stones with mineral nidi visible. Photos courtesy of
Dr Donna Woelfel.
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certain geographic regions such as California have a higher
prevalence (Lloyd et al. 1987; Hassel et al. 1999). Many causes
for the pathophysiology of enterolith formation have been
hypothesised, but a definitive pathogenesis remains uncertain.
Previous studies evaluating dietary and environmental
management practices in horses with enteroliths have
identified associations with feeding of alfalfa hay, breed
predispositions (Arabian descent), spending ≤50% of time
outdoors and lack of daily access to pasture grazing (Hassel
et al. 1999, 2004, 2008; Cohen et al. 2000). Additionally,
excessive dietary levels of magnesium, nitrogen and
phosphorous, combined with an alkaline colonic pH, are
thought to contribute to enterolith formation (Hassel et al.
2004). Foreign objects, collectively referred to as nidi, are
typically required for their development. Small stones, nails, pins,
needles, coins, metal fragments, horse hair, cloth and rubber
may act as nidi within the equine intestinal tract (Bray 1995).

Alfalfa hay contributes to alkalinisation of the colon and
provides an abundant source of magnesium, nitrogen and
calcium to the diet (Bray 1995; Hassel et al. 2008). Alkaline
conditions within the colon enable magnesium, ammonia
and phosphorous to crystallise on a nidus, gradually allowing
an intestinal stone to form rings, layer by layer (Lloyd et al.
1987; Bray 1995). A small stone(s) may be eliminated with
normal passage of manure (Figs 1 and 2). Large enteroliths
are typically discovered when they cause complete or
partial obstruction, and subsequent signs of colic; these
cases will require exploratory celiotomy for removal of the
stone. Dietary considerations relative to enterolith formation
should include: eliminate excess magnesium; eliminate
excess nitrogen by not feeding excessive protein; balancing
the calcium and phosphorus ratio; and potentially reducing
the pH in the gastrointestinal tract (Bray 1995). A more
recent study by Hassel et al. (2008), found that feeding >50%
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Fig 2: Abdominal radiographs of draught horse with the stones shown in Fig 1.
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of the diet as alfalfa hay increased the risk of enterolithiasis.
Statistical analysis of that study revealed that feeding grass
and oat hay had a protective effect above and beyond
that of the reduction in alfalfa feeding. The authors
hypothesised that the combination of lower protein and
magnesium content and higher fibre content, resulted in
liberation of short chain fatty acids, the primary end product
of fibre fermentation, helping to create a colonic
environment less conducive to enterolith formation. Ingestion
of lower quantities of protein and magnesium may also result
in less ammonium and magnesium availability for the
precipitation of struvite (Hassel et al. 2008). Additionally, the
study found the odds of enterolithiasis 2.8 times higher in
horses that did not have access to daily pasture grazing. If
daily pasture access is associated with an increase in
activity level, this may play a role in reducing the risk of the
disease (Hassel et al. 2008). Although feeding wheat bran,
rice bran, and oat bran have been implicated as risk factors
for stone formation, multiple studies have found no
association with feeding bran products (Cohen et al. 2000;
Hassel et al. 2004, 2008). Based on the 2008 study by Hassel
et al. and others, recommended preventative measures for
high risk horses or those with a known history of enteroliths
include elimination of alfalfa products, feeding an oat or
grass hay, daily access to pasture grazing, and potentially
the addition of a daily grain feeding. The addition of apple
cider vinegar (112–205 ml q.i.d.) was shown to be effective
at reducing the pH of the colon in ponies fed a grass hay
and grain diet (Hintz et al. 1989); however, the use of
vinegar has not been evaluated with regard to enterolith
prevention.

In summary

Nutritional management of recurrent colic can be challenging
and may lack evidence-based recommendations in cases
where a definitive aetiology has not been established. A
complete diagnostic evaluation to elucidate the cause of
recurrent colic is ideal whenever possible. As mentioned
above, all changes to the diet should be made gradually,
especially in circumstances when a feed trial is instituted and a
definitive diagnosis has not been established.
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Critically Appraised Topic

TMJ pathology: is it real?
T. H. Witte
Clinical Science and Services, Royal Veterinary College, London, UK.
Corresponding author email: twitte@rvc.ac.uk

Clinical scenario: can poor athletic performance
or behavioural problems, such as quidding,
headshaking or dysphagia, be attributed to
temporomandibular joint disorder (TMJ)?
P (population) = adult horses with poor-/under-performance or
behavioural problems and no other localising signs
I (intervention/indicator) = clinical history and diagnostic
testing (diagnostic imaging, arthrocentesis or intrasynovial
anaesthesia, surgery)
C (comparator/control) = N/A
O (outcome) = diagnosis of poor performance attributable to
the TMJ

Search strategy
PubMed, search date 1 May 2014: (‘temporomandibular joint’
[MeSH Terms] OR (‘temporomandibular’ [All Fields] AND ‘joint’
[All Fields]) OR ‘temporomandibular joint’ [All Fields]) AND
(‘horse’ [All Fields] OR ‘equine’ [All Fields]).

Quantity of evidence
PubMed result: 32 papers, including 12 single case reports or
case series, 11 experimental studies of imaging (radiography,
computed tomography, ultrasonography, magnetic
resonance imaging), diagnostic (arthrocentesis) or surgical
(arthroscopic) techniques (8 such studies used only cadaveric
material, 7 used healthy live horses and 4 studies used both
cadavers and live horses), 4 editorials or invited reviews, 2
experimental kinematic studies (1 technique validation and 1
measuring impact of dietary change), 2 studies of molecular
biology (1 study of the correlation of
TMJ cytokine profiles with dental pathology scores, and
1 of the cytokine response of TMJ compared to
metarcarpophalangeal joints).

Quality of the evidence
An absence of systemic reviews, controlled clinical trials,
case–control studies or large case series means that definitive
evidence of TMJ disorder in horses is limited. This search used
broad search terms, and only found mention of TMJ disorder
amongst editorials and review articles. The experimental
studies of diagnostic approaches are robust and provide
good evidence for the benefits of advanced imaging
modalities for this complex structure.

Can this evidence be applied in my case
population/clinical scenario?
Anatomical studies have provided robust data for the
application of a variety of diagnostic and surgical techniques,
including radiography (Townsend et al. 2009), delayed phase
nuclear scintigraphy (Weller et al. 1999a), computed

tomography (CT: Rosenstein et al. 2001; Devine et al. 2005;
Nagy and Simhofer 2006) and ultrasonography (Weller et al.
1999b; Rodríguez et al. 2007), but these have primarily been
applied to the management of fractures (Devine et al. 2005),
luxations (Hurtig et al. 1984; Hardy and Shiroma 1991), and
septic and nonseptic arthritis (Carmalt and Wilson 2005; Nagy
and Simhofer 2006), rather than the more vague TMJ disorder.

Experimental evidence regarding the cytokine response in
the TMJ indicates that this joint may show different cytokine
dynamics to other diarthrodial joints (Carmalt et al. 2011), and
does not definitively support the possibility of putative TMJ
disorder contributing to the cluster of vague clinical signs listed.
Dental pathology has been postulated as one cause of TMJ
disorder; however, TMJ articular pro-inflammatory cytokine
concentrations did not correlate with age and dental
pathology score in one study (Carmalt et al. 2006).

Clinical message
Confirmed reports of TMJ disorder in horses are absent, but this
may be due to the diagnostic challenge that results from
nonspecific signs. It is clear from this search that diagnostic
techniques have progressed and should allow more specific
diagnoses to be made. It is hoped that robust (multi-centre)
case series will follow.
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Although not well-known, Leptospira interrogans serovar Pomona can cause devastating problems. L. pomona can 
colonize in the kidneys, be shed in the urine and the horse can become septicemic, which can potentially lead to abortion, 
uveitis and acute renal failure. LEPTO EQ INNOVATOR® is the fi rst Leptospira vaccine developed specifi cally for horses to 
help prevent leptospirosis caused by L. pomona. It also helps prevent infections of the blood, which could, but has not 
been demonstrated to, help reduce the potential risk of equine recurrent uveitis, abortion or acute renal failure caused by 
L. pomona.* An effi  cacy trial demonstrated LEPTO EQ INNOVATOR safely helps prevent L. pomona infections and urinary 
shedding.1 A safety trial showed it was 99.8% reaction-free.2,3 To learn more, visit LEPTOEQINNOVATOR.com.

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