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Message From Our President
To my fellow equine technicians – 

As we are all going through life in this much 
different ‘new normal’, please know that we 
are here for you our members.  I first want to 
express to all of you how grateful I am to be 
involved in an organization with such amaz-
ing people.  We have so much to offer each 
other whether it be verbal support, resources, 
tips and tricks and the overwhelming camaraderie.   
This is a time for that camaraderie.  

AAEVT is committed to serving our members and doing what we can 
to help wherever we can. With that being said, we will be working with 
you to delay  membership renewal dues during this time. Please be sure 
to go to our website to check out all the available online resources that 
we have provided.  

We all share such a unique role in the equine industry and have so 
much to share and learn from each other. Please remember that we will 
get through this uncharted time together and come out stronger than 
ever! You are all doing amazing work and providing such good care to 
your patients and clients. Please always remember why we do what we 
do… our shared passion for the horse.  We can do this! 

Please let us know if there is anything more you would like to see from 
us or how else we can help! 

Sincerely,  
Nicole Bone, BS, LVT
2020 AAEVT President 

And the people stayed home.
And read books, and listened,  
and rested,
and exercised, and made art, and 
played games,
and learned new ways of being, 
and were still.
And listened more deeply.
Some meditated, some prayed, 
some danced.
Some met their shadows.
And the people began to think 
differently.
And the people healed.
And, in the absence of people  
living in ignorant,
dangerous, mindless, and  
heartless ways,
the earth began to heal.
And when the danger passed, and 
the people joined together again,
they grieved their losses, and  
made new choices, and dreamed 
new images,
and created new ways to live  
and heal the earth fully,
as they had been healed.

—a poem by Kitty O’Meara, 2020
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2020 AAEVT Anesthesia Society Basic to Intermediate Training
June 5-7, 2020 • Rood & Riddle Equine Hospital, Lexington, KY

NOTE: While we understand that local situations are still evolving, we will be  
modifying our Cancelation Policy for this event to honor full refunds if  

it is deemed by authorities and/or our host clinic to cancel due to Covid-19.

NEAEP AAEVT CE Event
September 25-26, 2020 • Rood and Riddle Saratoga Springs, NY

2020 AAEVT Anesthesia Society ADVANCED CE Event
October 2-4, 2020 • Ocala Equine Hospital • Ocala, FL

AAEVT AAEP Annual Convention
December 5-9, 2020 • Las Vegas, NV

For more information, visit: www.AAEVT.org/ce-events

2020 CE 
EvEnts:



Have you ever heard someone say, “Wow she’s brimming 
with confidence!”?  

According to Webster’s dictionary the definition of the 
word confidence is as follows, “A feeling of self-assurance 
arising from one’s appreciation of one’s own abilities or 
qualities.” Nothing will create authentic confidence like 
actually doing “it” – where “it” is the process or activity.  
For example, I’m confident in things like performing a gas-
troscopy in a horse, speaking or coaching because I have 
been doing those things for years.  I have confidence in my 
abilities to not only get the job done, but I can do it well.  

In contrast, when I first graduated veterinary school and 
became a practicing veterinarian, I lacked the confidence in 
my skill set and often questioned if what I was observing in 
my patient was normal or abnormal. Why? Because I didn’t 
have the experience. However, I can tell you that the lack 
of experience should not deter your efforts. In fact, it’s im-
portant to remember everyone has been a beginner at some 
point in their life, and when you are starting something 
new give yourself some grace before casting judgement.  

If you are lacking confidence below is a list of action steps 
that you can take to help you learn anything faster and 
more efficiently:

•	 Immerse Yourself in the Learning Process – if you are 
going to learn something, you need to immerse your-
self in the learning process.  If you are taking lessons, 
reading a book, watching an on-line course – it is best 
to isolate yourself and focus only on that task and 
limit your distractions i.e. e-mail, phone notifications, 
television etc.  

•	 Learn in short Bursts – the best way to study (and pre-
serve your attention) is to focus your efforts in short 
bursts, as in 20-30 minute chunks of time.  Any longer 
than that, and your attention will start to dwindle.  
Try to schedule your learning sessions in these short 
blocks, rather than marathon sessions

•	 take notes – for multiple reasons, research has shown 
writing things down teaches our brain that this par-
ticular information is worth remembering. It leads to 
greater memorization, the same way that visualizing 
the performance of a new skill can actually improve 
your skill level.  

•	 Focus on the Fundamentals – when learning something 
new it’s helpful to ignore the fluff and focus purely on 
the important elements of your subject  

•	 talk to someone who’s already learned it – seek out 
and talk to people who have already learned  what 
you’re learning; ask them for advice because they will 
likely be more than willing to give you shortcuts and 
tips to save you time and money

It is important to remember that confidence is not only 
given to certain types of people.  It doesn’t matter what 
personality type you are, introvert or extrovert.  Just like 
my Dad often used say to me, “Education is theory, but 
experience is real life ap-
plication.”  Thus, by taking 
action, over time you will be 
able to master your skillset 
and learn the true meaning 
of authentic confidence.

Authentic Confidence 
By Meg M. Green, DVM 



Horses make 
us better.  
Together, 

we make them 
better, too.
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supports Businesses to Retain their Employees and  
Maintain Operations

•		 Provides	access	to	forgivable	loans.	The	bill	includes	a	
new paycheck protection program through the Small 
Business Administration (SBA) 7(a) program that 
would provide loans for payroll and operating costs 
for small businesses, sole proprietors, self-employed, 
and independent contractors. The program allows loan 
funding to support payroll, paid leave, rent, utilities, 
and health insurance premiums. Notably, the program 
offers substantial loan forgiveness for qualified expens-
es and defers remaining loan payments up to one year, 
while also waiving borrower and lending fees.

•		 Tax	credits	and	tax	deferrals	to	support	small	busi-
nesses. While federal guidance is needed, the bill will 
allow employers to receive an advance tax credit in-
stead of having to wait for reimbursement on the back 
end. There are a number of tax policies included, such 
as a new retention tax credit; allowing for employers 
to make tax-free student loan repayment contributions 
on behalf of their employees; and allowing for the 
deferment of employer payroll taxes through 2020.

Expands Unemployment Insurance Benefits in Light of 
COvID-19 Emergency

•		 Expands	the	size	and	scope	of	unemployment	ben-
efits. The bill creates a new and temporary pandemic 
unemployment insurance program to cover individuals 
who may be unemployed, partially unemployed, or 
unable to work because of COVID-19 and otherwise 
ineligible for unemployment benefits. This includes 

self-employed individuals and independent contrac-
tors. The program is designed to replace lost wages for 
up to four months and provides a $600 federal benefit 
in addition to state benefits.

Individual supports

•		 Individual	“recovery	rebates.”	The	bill	provides	a	tax	
credit of $1,200 for individual filers ($2400 for joint 
filers) plus $500 per child. The credit is phased out for 
individuals with adjusted gross income over $75,000 
($150,000 joint filers). The credit phases out complete-
ly at $99,000 for individuals and $198,000 for joint 
filers. The Administration is expected to advance the 
“rebate” tax credit as rapidly as possible.

•		 Provides	federal	student	loan	relief	for	6	months.	
Provides six months of relief on federal student loan 
payments and suspends interest accrual (through Sept. 
30, 2020). During this time, borrowers would receive 
credit for making payments in order to remain on 
track for loan forgiveness programs such as the Public 
Service Loan Forgiveness (PSLF) Program. The bill 
would also temporarily suspend debt collections on 
federal loans.

•		 Relaxed	rules	on	retirement	accounts.	The	law	waives	
the 10% penalty on early distributions from retirement 
accounts for 2020. Additionally, individuals subject to 
mandatory minimum distributions from their retire-
ment accounts would be able to keep their capital 
invested instead of being forced to cash out to draw on 
that capital without penalty, which would be suspend-
ed for 2020.

What veterinarians and veterinary business owners need to know  
about the CARES Act: 
 

Tips & Tricks
         from the Trenches
Using stickers to train upcoming 
technicians: 
These cheap stickers really help to 

show the relationship between skeletal 

anatomy and the external horse. They 

are also useful when asking a trainee 

to mark anatomy for other purposes 

i.e the boundaries of where they would 

give an intramuscular (IM) injection in 

the neck, where they would choose to 

stick for a facial sinus blood draw or 

where they palpate a specific structure.



EXPERTISE.
For more than 70 years, we’ve been a veterinary distributor with an entire division focused 
on the equine business. We’ve built a nationwide team of equine experts – from management 
to regional territory representatives and an equine call center – ready to support you no matter 
where you practice. 

Our depth of industry knowledge and experience is matched only by our passion for the equine 
business. When it comes to everything equine, we are your trusted experts.  

EQUINE DIVIS ION
800.279.6452 | pattersonvet.com/equine
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We’re More Than Just a Hitching Post!
By Elyse Rowley

Ever been the tech who felt like the hitching post, simply holding the horse 
for the veterinarian?  We have all been there at one time or another but 
here’s what I’ve learned during my time standing there holding the patient: 
hone your observational skills and step up your conversational skills!  In a 
medicine setting, working on a mystery case, noticing that the jugular pulse 
extends farther up the neck than it should or that there isn’t any air move-
ment from one nostril…there are plenty of things that you, the technician, 
can observe and report to your clinician by simply holding the horse.  Also, 
we all know the “look” that our vet gets when they just need a minute to 
concentrate on what they’re doing and not continuously answer client ques-
tions-here’s your chance to take one for the team and insert yourself tactfully 
into the conversation and simultaneously give your vet a minute to focus as 
well as possibly glean some new details from the client about the patient/
case that could be useful!  We’re so much more than a hitching post!

Every mare owner knows there are 
many plans to be made when think-
ing about breeding season. What sire 
to breed the mare to? What form of 
breeding to use? But one thing mare 
owners should not overlook is nutri-
tion. The mare has a gestation period 
of roughly 11 months and 11 days, 
but foals can be born anywhere from 
320 to 365 days of gestation. Before 
breeding, during gestation, and after 
foaling, the nutrition of the mare is 
essential not only for her but to help 
ensure the development and growth 
of a healthy foal.

the Before story
To ensure your mare is ready for 
breeding season, it is essential to talk 
with your veterinarian. Your vet may 
perform a reproductive ultrasound 
and look over your mare’s feet, teeth 
and overall soundness to ensure she is 
ready to carry a foal. The nutritional 
status of the mare is also extremely 
important. Mares with a body condi-
tion score (BCS) of less than 5 often 
have difficulty with breeding because 
the mare’s system realizes that it may 
not be able to support a growing fetus.

the Power of nutrition
Once your mare conceives, fetal de-
velopment begins right away. As early 
as 14 to 16 days gestation, the cells 
divide to begin forming a fetus. At 
21-28 days, the day equine breeders 
usually get very excited, your vet will 
be able to ultrasound your mare and 
see the little flicker on the ultrasound 
that’s indicative of a heartbeat! At 
40 days, the umbilical cord takes 
over providing nutrition to the foal 
from the mare, and structures such 
as hooves, begin to develop. Mares 
who are well nourished when they 
conceive will be able to provide the 
developing foal with the nutrients 
that are essential for early fetal devel-
opment. Except for an increase in vi-
tamin A and vitamin E requirements, 
pregnant mares can be fed to meet 
their maintenance nutrient require-
ments through the first 4 months of 
gestation.

Once the mare reaches the fifth 
month of gestation, her energy, 

protein, vitamin and mineral require-
ments increase. Proper nutrition to 
support the developing foal is essen-
tial during the remainder of pregnan-
cy. The mare’s energy needs increase 
by 0.5-1 Mcal digestible energy (DE) 
from month 5 through month 11 
of gestation. The mare’s increased 
dietary energy and protein require-
ments should be met by feeding a 
highly digestible forage. A balanced 
vitamin and mineral supplement can 
provide important nutrients includ-
ing calcium, phosphorus, magnesium, 
copper and zinc to support bone 
and soft tissue development. Adding 
1,200–2,000 IU of natural vitamin 
E to the ration of a mare during the 
last trimester of her pregnancy can 
help to increase the concentration of 
immunoglobulins in the colostum. 
This “liquid gold” enhanced with 
higher levels of IgG and IgA can help 
to promote even stronger immunity 
in the newborn foal.

no sweat In Foaling
After your mare delivers a healthy 
foal, your mare’s nutritional require-

ments greatly increase as she begins 
lactating to provide the nutrients 
required to support her growing foal. 
A mare can produce up to 2-3% of 
her body weight in milk per day. Dur-
ing lactation, adequate dietary energy, 
protein, calcium, phosphorus, as well 
as a variety of other minerals and 
vitamins are essential for the develop-
ment of healthy bones, tendons, and 
all organ systems. If these nutrients 
are not properly provided in the 
mare’s diet, her body will begin de-
pleting its own nutrient stores to care 
for her foal.

Eliminating the Guesswork
Proper nutrition complete with 
vitamins, minerals and essential fatty 
acids are now and will forever be an 
important part of your foal’s proper 
development and good health. When 
you supplement your mare’s ration 
with Platinum Performance® Equine 
your foal will also benefit from the 
vitamins, minerals, antioxidants and 
omega-3 fatty acids included in every 
scoop.

BREEDING SEASON PREP: Healthy Foals Come From 
Healthy Mares; Nutrition’s Importance During Pregnancy
By Elizabeth Hay, Platinum Performance®

Platinum Performance AAEVT Discount:
Platinum Performance® is proud to support the AAEVT with veterinary-developed and 
research-based advanced nutritional formulas for equine and small animal patients, while 
offering continuing education opportunities and 20% off special pricing for AAEVT members. 
Call 800 -553-2400 today to place your order!



The Academy of Equine Veterinary 
Nursing Technicians is dedicated to 
the education and professional ad-
vancement of credentialed veterinary 
technicians who display excellence 
and dedication to superior nursing 
care to equine patients. This Vet-
erinary Technician Specialty (VTS) 
approaches its tenth year since its 
formation. 2020 has certainly arrived 
like a stampede of wild horses. The 
Academy has instated a new govern-
ing board, maintains a small but 
strong force of 23 members, and is 
excited about the promise of new ap-
plicants for this year’s process. 

This time of year, the Academy’s 
Board is identifying tasks that can 
improve overall operations and op-
portunities, as well as gearing up for 
reviewing applications submitted for 
credentialed technicians interested in 

earning their Veterinary Technician 
Specialty. Letters of Intent to apply 
are due March 15th of every year, 
with May 1st being the submission 
deadline for applications. Informa-
tion about the whole process can 
be found on the Academy’s website 
(http://www.aevnt.org), but a Board 
Member will always answer ques-
tions submitted to email (info@aevnt.
org).

The Academy is working on ex-
panding our social media presence, 
including developing a Facebook 
page (in development) and an Insta-
gram page (@aevnt_equine_nurses). 
There is a very active Facebook 
Group (https://www.facebook.com/
groups/183322531847215/) com-
prised of established and aspiring 
VTS’s. 

AEVNT 2020 Board Members:
President: Molly	Cripe	Birt,	BS	RVT,	
VTS-EVN

Immediate Past President: Sue Loly, 
LVT, VTS-EVN

President-Elect: Ryan	Corrigan,	BS	
RVT,	VTS-EVN

Treasurer: Jamie DeFazio Guiberson, 
LVT, VTS-EVN

Secretary: Stevie Willett, LVT, VTS-
EVN

Member-at-Large: Shana Lemmes, 
LVT, VTS-EVN

Member-at-Large: Christopher	Rizzo,	
LVT, VTS-EVN, VTS-LAIM

Executive Director: Jessie Loberg 
Paucart, LVT, VTS-EVN

AEVNT News

This program will feature top clinicians presenting the 
latest information in their respective fields of expertise.  

• Exciting new innovations in equine nutrition 
presented by Purina’s team of experts

• An in-depth educational experience at our newly renovated 
Purina Animal Nutrition Center Equine Research Facility

• A private meeting with the Budweiser Clydesdales 
and their team of caretakers

• 10 hours of CE (pending RACE-approval)

Attendees will receive conference registration fees, travel, hotel 
and meal expenses compliments of Purina Animal Nutrition.  

VETERINARY
CONFERENCE

PURINA EQUINE20
20

October 9-11, 2020

S A V E  T H E  D A T E

Contact your local Purina Sales 
Representative or Purina Customer 
Service (1-800-227-8941) if you are 
interested in attending!

St. Louis Union Station Hotel
St. Louis, MO

Purina Animal Nutrition Center 
Gray Summit, MO

Vet Techs: AAEVT membership is required for attendance.
For information on how to join AAEVT, visit www.aaevt.org.



ZOETIS EQUINE DENTAL  
WELLNESS SWEEPSTAKES
The Zoetis Equine Dental Wellness 
Survey helps horse owners identify 
behavioral signs that indicate dental 
problems, and enters them for a chance 
to win up to $1,000 toward dental 
care from their veterinarian. Help your 
clients understand the importance 
of routine dental care by sharing the 
Zoetis Equine Dental Wellness Survey: 
EquineDentalAwareness.com

ZOETIS SPRING PROGRAM:
Take advantage of rebates on Zoetis 
equine products!
The Equine Spring Program is running 
now through April 30, 2020. Now 
including Stablelab®. Save up to 11% 
PLUS	MZR	discounts	on	your	de-
wormers and vaccines.



Your newest tool 
in the fight 
against insulin 
dysregulation. 

AAEVT Spring 2020

KPPvet.com

Developed by:

Available through all major veterinary  
suppliers. Sold to veterinarians only.

For more information, call KPP: 

800-772-1988
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•  Maintains lower insulin levels, a marker of  
decreased insulin resistance 

• Reduces body weight 

• Sustains a decreased risk of laminitis

•  Research-proven: 
* Manfredi JM, Stapley ED, Nash D.  Effects of a dietary supplement on 

insulin and adipokine concentrations in equine metabolic syndrome/
insulin dysregulation. In Proceedings Am Assoc Equine Pract 2018; 64:473. 

Insulin Concentrations Following 
OST Challenge

Supplementation with InsulinWise significantly reduced  
insulin blood levels, signifying increased insulin sensitivity.

InsulinWise Supported a Decrease  
in Insulin Resistance 

In four of the horses previously identified as insulin resistant, 
insulin regulation reverted to levels classified as normal after  

supplementation with InsulinWise.

Insulin Levels at 60 Minutes During  
Oral Sugar Tests from 2013 to 2017

Over time, EMS horses became more insulin resistant.  
Supplementation with InsulinWise significantly reduced insulin 

levels in the blood, signifying a decrease in insulin resistance.

Insulin resistance exhibited in horses suffering 
with equine metabolic syndrome (EMS) and 
pituitary pars intermedia dysfunction (PPID) 
has become more and more prevalent in our 
aging equine community. Decreasing insulin 
resistance and controlling weight through  
dietary supplementation can provide a  
benefit by decreasing laminitis risk. 

InsulinWise: 

InsulinWiseTM
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What Do We Know About Clodronate Now? A Medical and Veterinary
Perspective
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a b s t r a c t

There has recently been some controversy over the use of bisphosphonates in horses and some confusion
regarding the different classes of bisphosphonates and the differences between the mechanism of ac-
tions and effects of each class. This review article explores the different bisphosphonate classes and their
different effects and mechanisms of action based on research from both the human and equine veteri-
nary fields. This collaborative review between veterinary surgeons and medical doctors describes the
latest use of bisphosphonates in humans and horses, including safety aspects, and allows comparisons to
be drawn between the two fields. Potential future uses of bisphosphonates are also discussed.
© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Clodronate (clodronic acid) is a non-nitrogenous bisphospho-
nate (BP) medication. Bisphosphonates are a drug class developed
in the late 1960s and are still the most commonly used drugs in the
treatment of postmenopausal osteoporosis and other metabolic
bone disease in human medicine [1]. Although their most impor-
tant effect remains the reduction of bone remodeling by inhibition

of osteoclastic activity, there is growing evidence of additional ef-
fects, which may expand the use of these therapeutic agents in
clinical practice [2e4].

There are significant differences between BP classes because of
chemical structure and indeed differences between individual BP
molecules with respect to these additional effects (immune-
modulatory, anti-inflammatory, and analgesic effects). These ef-
fects are independent of the absolute antiebone-resorptive po-
tency [5e13].

Clodronate is commonly used in human medicine to treat a
variety of bone-related diseases, including osteoporosis, osteope-
nia, osteolytic lesions, hypercalcemia, and bone pain associated
with skeletal metastases in patients with breast cancer and mul-
tiple myeloma [1,4,14]. Clodronate has also been shown to reduce
fracture risk in high-risk patient groups [15,16]. More recently,
clodronate has been investigated as part of the treatment for
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a b s t r a c t

There has recently been some controversy over the use of bisphosphonates in horses and some confusion
regarding the different classes of bisphosphonates and the differences between the mechanism of ac-
tions and effects of each class. This review article explores the different bisphosphonate classes and their
different effects and mechanisms of action based on research from both the human and equine veteri-
nary fields. This collaborative review between veterinary surgeons and medical doctors describes the
latest use of bisphosphonates in humans and horses, including safety aspects, and allows comparisons to
be drawn between the two fields. Potential future uses of bisphosphonates are also discussed.
© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Clodronate (clodronic acid) is a non-nitrogenous bisphospho-
nate (BP) medication. Bisphosphonates are a drug class developed
in the late 1960s and are still the most commonly used drugs in the
treatment of postmenopausal osteoporosis and other metabolic
bone disease in human medicine [1]. Although their most impor-
tant effect remains the reduction of bone remodeling by inhibition
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tiple myeloma [1,4,14]. Clodronate has also been shown to reduce
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Canada, Australia, New Zealand, and Mexico. Osphos is licensed to
treat lameness caused by navicular bone disease in horses.

Confusion exists between different classes and different effects
of BPs. Literature reviews have been undertaken to try to evaluate
the evidence supporting the use of BPs in horses [24], but large-
scale, high-quality clinical trials in horses are limited, so evidence
from in vitro studies and human clinical trials is used to supple-
ment veterinary evidence.

This review highlights the effects and mechanisms of action of
the different BP classes and aims to summarize relevant human
medical clodronate literature particularly for those conditions
where there is a comparable disease in equine patients.

2. Different Mechanisms of Action Between BP Classes

Bisphosphonates regulate bone metabolism through inhibition
of bone resorption and other mechanisms [7,14,25]. Recently pub-
lished studies from both human and veterinary medicine have
improved our understanding of the specific mechanisms of action
of each of the BP classes and the differences between how each BP
class exerts its effect. This work has emphasized the differences
between each of the individual BP medications. Despite not being
one of the most potent in terms of antiebone-resorptive effect,
analysis of human literature demonstrates that clodronate, in
particular, is a molecule, which has effects beyond the expected
antiebone-resorptive action. These include anti-inflammatory ef-
fects [9e12,26,27], potential analgesic effects [8,28,29], and
anabolic effects on subchondral bone and cartilage [5,17,29]. These
findings, along with low toxicity and a good safety profile
[2,6,11,29], have renewed scientific and clinical interest in the
clodronate molecule.

It is very important when using BPs in equine medicine to un-
derstand that there are two different, distinct classes of BP, and
each class exerts its effects via a different mechanism of action
because of its physical structure.

(1) Non-nitrogenous BPs (non-NBPs)
(2) Nitrogenous BPs (NBPs)

The classes are named according to whether a nitrogen atom is
part of their molecular structure or not, and this structural differ-
ence affects the mechanism of action, effect, and, thus, potential
indications [1,4,7,14].

The first BPs to be developed and used clinically did not contain
nitrogen (non-NBPs). Nitrogenous BPs (NBPs) are the most recently
developed BP class and have higher potency in terms of antiebone-
resorptive effect. This makes them more suitable to treat specific
diseases of bone metabolism in humans, but serious side effects are
more commonly reported with this BP class [2,5,6,28], and because
of their mechanism of action, they do not have any of the additional
effects reported with non-NBPs. There are isolated case reports
describing the use of the NBP zoledronic acid in a small number of
healthy horses and in horses suffering from a rare bone fragility
disorder [30,31], but efficacy and safety have not been established
in horses with commonly encountered orthopedic diseases or in
sufficient numbers of horses treated over a sustained period of
time.

There are no veterinary-licensed NBPs. Some of the human-
licensed products include alendronate (Fosomax), ibandronate
(Boniva), zoledronate (Reclast/Zometa), and risedronate (Actonel).

The veterinary-licensed BPs (clodronate and tiludronate) are
from the original generation of “simple” BPs and have a molecular
structure, which does not contain nitrogen, non-NBPs. The thera-
peutic benefits of these medicines and their safety profiles have
been successfully demonstrated for several bone diseases in horses.

It is important to note that non-NBPs are considered as thera-
peutic medications by the Federation Equestre Internationale (and
other local jurisdictions) and are categorized as controlled medica-
tions, which can be safely used to treat competition horses as long
as an appropriate withdrawal period is observed. In contrast, NBPs
are not considered as therapeutic agents and are listed by the
Federation Equestre Internationale as banned substances, which are
prohibited from use in competition horses at any time and should
never be administered to a horse intended for competition. No
detection time has been established for any of the banned NBPs.
The half-life of the NBPs is significantly longer than that of non-
NBPs. The terminal half-life of the NBP alendronate is estimated
to be at least 10 years in humans [32], which could have an impact
onmedication control if horses were to be treatedwith one of these
molecules.

In general, non-NBPs are synthetic, nonhydrolyzable analogs of
pyrophosphate that contain P-C-P rather than P-O-P bonds. They are
potent calcium chelators that rapidly target exposed metabolically
active bone mineral surfaces in vivo, having an effect on bone-
resorbing osteoclasts and ultimately cause osteoclast inhibition
and apoptosis. Bone-resorbing osteoclasts and their intracellular
mitochondria are the primary targets of the non-NBP. The molecule
is internalized within the osteoclast through endocytosis and dis-
rupts the formation of adenosine triphosphate (ATP) within the
mitochondria, generating a cytotoxic analog, which causes cellular
apoptosis [14]. This mechanism explains how additional anti-
inflammatory effects can be seen with certain non-NBPs, including
clodronate [9,11], and why they are not seen with NBPs [5].

NBPs have a different mechanism of action; these BPs do not
utilize the ATPase energy-depleting pathway, rather they inhibit the
mevalonate pathway by inhibiting farnesyl pyrophosphate synthase.
The inhibition is because of the docking of the nitrogenous BPs into
the pyrophosphate Mg2þ molecule, which leads to a decrease in the
formation of isoprenoid lipids such as farnesyl and geranyl pyro-
phosphates. These proteins are responsible for cellular functions,
including cytoskeleton assembly and intracellular signaling [4,7,14].
This uniquemechanism also explains why some side effects (a rise in
body temperature and flu-like symptoms), resembling a typical
acute phase response [33], are seen with NBP therapy but do not
occur after non-NBP treatment [2]. As the acute phase reaction is a
specific feature unique to NBP treatment, it has been suggested that
this reaction is mediated via ɣd T cell activation because of an
accumulation of metabolic intermediates caused specifically by in-
hibition of the mevalonate pathway [33]. Dramatic and serious side
effects, including osteonecrosis of the jaw, and atypical femoral
fractures have been reported in human patients treated with NBPs.
These are seen far less frequently after the use of non-NBPs [6].

Currently, there is very little safety, efficacy, or toxicity data
regarding the use of NBPs in the horse. Nieto et al [30] investigated
the pharmacokinetics and pharmacodynamics of one dose of
zoledronic acid in eight healthy horses. They found carboxy-ter-
minal collagen crosslinks (CTX-1) remained below baseline after
the 1-year study period. They did not follow the horses past the end
of the study period so they cannot quantify how long CTX-1
remained reduced in these horses or if there were any long-term
adverse effects of the medication. The type of equine diseases
commonly treated with BPs do not necessarily benefit from the
relatively increased potency of bone resorptive effect seenwith this
class of BP, and NBPs do not provide any of the potential additional
anti-inflammatory benefits described with non-NBPs.

3. Clodronate in Human Medicine

As one of the first-generation, non-NBP medications, clodronate
has been used in humanmedicine for several decades. It is available
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as oral, intramuscular, and intravenous preparations and is indi-
cated for the treatment of hypercalcemia and/or osteolysis of ma-
lignancy and multiple myeloma and for the prevention and
treatment of postmenopausal osteoporosis.

It seems that clodronate has a distinct mechanism of action even
within this BP class [2,3,10] with activities in addition to the well-
documented antiebone-resorptive activity [3,7,23]. Clodronate
demonstrates anti-inflammatory effects, reducing release of in-
flammatory cytokines interleukin (IL)-1b, IL-6, and tumor necrosis
factor (TNF)-a [2,10,11,13], nitric oxide [26], and prostaglandin E2
(PGE2) [27]. The anti-inflammatory effect is likely to be mediated
by the specific clodronate metabolite AppCCl2p [10]. Clodronate
also inhibits matrix metalloproteinase 1 [29] and, potentially, has
both central and peripheral antinociceptive activity [6,8,28].
Studies have also demonstrated a positive chondromodulatory ef-
fect of clodronate increasing cartilage extracellular matrix accu-
mulation [5].

This unique mechanism of action has led to investigation of
clodronate in humans for the treatment of bone pain, bone edema
syndromes, including chronic regional pain syndrome (CRPS), and
several forms of OA [1,2,17,19e21,23,34,35]. Clodronate has been
studied as a potential treatment for neuropathic and inflammatory
pain in humans. Because of its mechanism of action, clodronate
inhibits vesicular nucleotide transporter (VNUT), a key molecule
carrying ATP as part of pathologic nociception. Of all of the BPs,
clodronate is by far the strongest inhibitor of VNUT, even when
compared with other non-NBPs, such as tiludronate. Results are
promising, as clodronate has been found to be more effective and
have comparatively fewer side effects than existing drugs [36].

In humans, clodronate has also demonstrated a significant,
protective, antifracture effect both in patients with pre-existing
skeletal fragility [15] and also in a double-blind, placebo-
controlled, randomized study, where patients were not selected for
osteoporosis [16].

3.1. Clodronate Research: OA

The complete pathogenesis of OA is still not entirely clear, but
recent work suggests that the subchondral bone plays a crucial role
in the development of the disease [18]. The role of BPs in the
treatment and prevention of OA in people is still not fully defined,
and several meta-analyses have investigated this question [18,21].
Davis et al [21] found that conclusive evidence that BPs, in general,
are effective for the treatment of OA pain is limited. However, it is
interesting that although only two studies specifically investigating
clodronate were included in the meta-analysis, both these studies
found beneficial, positive effects of clodronate treatment [20,34].

The more recent meta-analysis [18] found that BP therapy was
effective in relieving pain and stiffness and improved function, and
osteophyte score was also significantly reduced. Differences in
study protocols and the variation in types of BP used for these
studies make comparisons difficult, and further trials are indicated.

The ER.O.D.E study (2017) [17] is a blinded, randomized study
investigating the effect of intramuscular clodronate for the treat-
ment of erosive OA of the hand in people. The treatment group (24
patients) initially received clodronate (200 mg) administered
intramuscularly in addition to their usual nonsteroidal anti-
inflammatory drugs (NSAIDs) or other analgesic drugs. The con-
trol group (16 patients) received only their usual analgesic and
NSAID drugs without the addition of clodronate. A serum
biomarker of OA, cartilage oligomeric matrix protein (COMP), was
measured before treatment and after 6 months to try to monitor
disease progression. Serum COMP levels are correlated to the
presence of synovitis, OA severity, alterations in subchondral bone
turnover, and radiographic progression.

The patients who received clodronate experienced significantly
less pain, consumed significantly less anti-inflammatory and
analgesic drugs, had fewer tender and swollen joints, and had
greater hand strength and lower patient and physician-reported
disease activity scores than their counterparts who did not
receive clodronate. At 6 months, the clodronate-treated group also
had significantly decreased serum COMP levels compared with the
control group, who had no significant decrease. Participants in the
study experienced no significant adverse effects of clodronate
treatment, and the authors concluded that clodronate is an effec-
tive symptomatic treatment of painful erosive OA of the hand and
may play a role as a disease-modifying OA medication.

This finding is supported by Rosa et al [5] who found that in vitro
clodronate exerts an anabolic effect on articular chondrocytes and
has a positive chondromodulatory effect. In this study, the anabolic
effect induced by clodronate on chondrocyte cultures was medi-
ated by the export of a specific intracellular ATP analog and its
interactions with the purinergic pathway. This stimulation upre-
gulated short-term matrix synthesis by a relatively small degree
(13%e14%), but there was a sustained effect of an 80% to 90% in-
crease in proteoglycan and collagen content (ECM accumulation)
observed over the long term, which may support the evidence for
the use of clodronate to ameliorate progression of cartilage
degeneration and improve OA management.

It has been demonstrated that the use of clodronate as part of a
therapeutic treatment strategy for OA causes upregulation of SOX9
gene expression [37]. This suggests that clodronate stimulates
mesenchymal stem cell differentiation preferentially to the chon-
drogenic lineage, counteracting cartilage degeneration and
demonstrating the potential use of clodronate as a therapeutic and
disease-modifying treatment for OA.

In humans, intra-articular (IA) clodronate has also been studied
as part of the management of knee OA, a common degenerative
condition, which can be difficult and costly to manage. All three
published studies investigating clodronate treatment for knee OA
have demonstrated positive effects. Cocco et al [23] found a sig-
nificant reduction in spontaneous pain and pain on active move-
ment correlated with reductions in synovial fluid concentration of
inflammatory mediators (PGE2, leukotriene B4, and thromboxane
b2) when clodronate was administered. Subsequently, Rossini et al
[20] found that weekly IA clodronate injections were at least as
effective as hyaluronic acid in controlling pain and improving
functional movement of the knee. The most recent study [19]
compared IA clodronate with placebo and noted a significant
reduction in pain, improvement in patient and physician global
assessment, and significant reduction in acetaminophen con-
sumption in the clodronate group compared with the placebo-
treated group 5 weeks after the final injection. These findings
could impact how we treat OA in horses in the future and certainly
appear to warrant further investigation.

3.2. Clodronate Research: Bone Edema Syndromes

In man, bone marrow edema (BME) is defined as a clinicor-
adiological diagnosis. It is an aspecific response of bone to several
different clinical pictures with inflammatory (rheumatoid arthritis
and spondyloarthritis) or degenerative causes or it can be caused by
overload (OA and osteonecrosis), infections, trauma, surgery,
transient osteoporosis of the hip, regional migratory osteoporosis,
and CRPS [38].

Bone edema is commonly diagnosed after MR imaging of horses
with joint pain/lameness, particularly involving the distal limb.

Complex regional pain syndrome is part of the BME syndrome in
people, and when it is not associated with nerve injury, it is defined
as type I CRPS. Other potential imaging findings for CRPS are
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localized or diffuse osteoporosis in the painful limb and increased
radiopharmaceutical uptake on nuclear scintigraphy [39]. Causes
are unknown, but this condition causes pain, edema, swelling, and
vasomotor disorders and is challenging to treat.

Despite no evidence of increased osteoclastic activity in CRPS,
BPs seem to show a good anti-inflammatory/analgesic effect in
these cases, particularly in the early stages of the disease [40]. It is
postulated that the anti-inflammatory/analgesic effect of BPs are
because of their ability to decrease production of TNF-a and other
proinflammatory cytokines, which decrease activity of mono-
nuclear cells [35], and they could also reduce synthesis of prosta-
glandins and reduce proton concentration in the local environment,
a process involved in sensitization of peripheral nociceptors [22].

Varenna et al [35] compared clodronate treatment with placebo
treatment for 32 patients with CRPS-1. They found that, 40 days
after treatment, the clodronate group showed significantly
improved pain scores and that this improvement was sustained
after 180 days from the start of the treatment. When the study
participants who initially received placebo subsequently received
clodronate treatment, there was a significant positive difference in
their pain scores on Day 40 compared with Day 40 after placebo
treatment. This study in humans recommended that clodronate is
administered early in the course of BME disease to maximize
efficacy.

4. Clodronate in Equine Medicine

For horses, clodronate is available as a licensed, intramuscular
preparation (Osphos). Interest in the clodronate molecule for use in
equine medicine has increased after the positive reports from the
human medical literature and research in other veterinary species.

It has been demonstrated that clodronate is effective in reducing
lameness in horses suffering fromnavicular disease. Frevel et al [41]
found that 75% of horses treated with clodronate improved by at
least one lameness grade 2 months after treatment and that 65% of
the horses maintained this improvement 6 months after treatment.
At Day 56, 61% of the horses showed an improvement of two or
three grades in lameness, and 48% of the Osphos-treated horses had
become sound compared with none of the placebo-treated horses.

Mitchell et al [42] agreed with the previous findings that
clodronate significantly improved lameness score in horses with
navicular disease. They noticed an improvement in lameness score
after 1 week with a performance improvement remaining after 8
weeks. Interestingly, this study also measured a bone turnover
marker, CTX-1, which is considered one of the most relevant bone
turnover markers when monitoring BP effect in humans. They
found that therewas no change in CTX-1 after clodronate treatment
despite the improvement in lameness. It must, however, be noted
that the first measurement of CTX-1 in this study was only taken
1 week post treatment, and therefore, a short-lived decrease in
CTX-1 during the initial days after treatment may have been
missed. The improvement in lameness could be because of reduc-
tion in inflammatory cytokines and macrophages, chon-
dromodulatory effects, or other mechanisms discussed previously
in this article. The authors of this study suggest that a single dose of
clodronate will improve lameness in horses without impacting
bone morphology or increasing fracture risk.

In people, a reduction in CTX-1 is associated with an increased
risk of a specific fracture configuration involving the femur, an
atypical femoral fracture. This risk is related to the antiebone-
resorptive potency of the BP used and is seen much more
commonly after treatment with the more potent NBPs. Generally,
this risk is low when non-NBPs are used because of the different
mechanisms of action of the two groups [6]. In the rare human
cases of atypical femoral fracture where non-NBPs have been used,

these tend only to occur after long-term, high-dose therapy for
osteoporosis [43]. This fracture configuration has not been reported
in horses, and safety data from Osphos indicate that no negative
effect on bone density or bone strength was found even with
repeated overdose of clodronate in horses [44].

Side effects after the use of clodronate in horses are generally
uncommon, mild, and self-limiting and include head bobbling and
transient swelling/pain at the injection site, pawing the ground,
hives, and pruritus. Nervousness, lip licking, yawning, and mild
colic have been commonly reported, but any colic signs usually
resolve with walking. Rarely, as with other BPs, episodes of renal
insufficiency have been reported and are more frequently observed
in horses treated concurrently with potentially nephrotoxic agents,
such as NSAIDs [45]. It is advisable to avoid use of these agents at
the same time as using clodronate in horses and to monitor renal
parameters if there is any concern. Clodronate (Osphos) is licensed
only for horses aged 4 years or older [45]. The use of clodronate in
younger horses was not studied during registration, as navicular
bone disease more commonly manifests in adult horses.

There are concerns that the use of BPs in horses, particularly
NBPs where less evidence exists, could weaken bone, delay bone
healing, and decrease new bone formation/repair after any stress
fracture or microdamage. As previously mentioned, studies using
clodronate have indicated that bone morphology (including bone
density, strength, and structure) and general bone remodeling
(assessed by measurement of the bone turnover marker CTX-1)
[42,44] are not adversely impacted by clodronate administered at
clinical doses. In addition, it has been shown that non-NBPs do not
impact bone on a structural or cellular level following standard
dosing schedules and that bone healing in an equine biopsy model
was only minimally affected by clodronate administration [46].

In contrast, a study investigating the pharmacokinetics, phar-
macodynamics, and safety of zoledronic acid in horses found a
significant decrease in CTX-1 plasma concentrations during a
period of 1 year after administration of the drug. No further infor-
mation regarding the effects of NBPs on bone morphology,
remodeling, or fracture risk is currently available in horses.

Mashiba et al [47] found increased skeletal microdamage in
Beagle dogs, but this was after 12 months of daily administration of
six times the human recommended dose of the potent NBPs
risedronate and alendronate. Kidd et al [48] found that daily
administration of the NBP risedronate delayed healing of ulna
stress fractures in rats, but that woven bone formation and peri-
osteal reaction were not affected. This finding was supported by
Sloan et al [49] who examined the effects of parathyroid hormone
and the NBP alendronate on stress fractures in rats, and they found
that although alendronate suppressed intracortical bone formation,
periosteal bone formation is not significantly affected.

It should be remembered that the NBPs used in these studies
have a different mechanism of action compared with non-NBPs
(where more data exists), including clodronate. Indeed, clodro-
nate has been demonstrated to have an antifracture risk effect in
some human studies [15,16].

When reviewing BP studies and considering potential effect on
fracture healing, it is important to consider which BP is being
evaluated to differentiate between the two different BP drug classes
and also to consider the different ways these medications are uti-
lized in humans compared with that in horses, particularly to the
difference in duration of treatments.

4.1. Clodronate in Horses: The Future

Although clodronate is already a well-known and extensively
utilized molecule, recent research in both human and equine
medicine has revealed much more about the unique, additional
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mechanisms of action of this specific molecule. We now know that
clodronate has additional positive biological effects beyond the
well-known antiebone-resorptive action. These additional phar-
macological properties could open up exciting possibilities to treat
other common musculoskeletal conditions in the equine patient.
Meanwhile, equine studies have also consistently demonstrated
both a good therapeutic effect and a good safety profile for clodr-
onate when used to treat navicular bone disease in horses.
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