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--- 1. Brief mission statement and describe the disƟnguishing features of your organizaƟon that supports 
the mission of TERF and the relevance to this proposal. --- 
 
The mission of the University of Pennsylvania’s New Bolton Center is to improve the diagnosis, 
treatment, and prevenƟon of clinical condiƟons reducing the performance and livelihood of 
performance horses. One branch of these efforts has been directed toward the use of new imaging 
modaliƟes and techniques that contribute to a greater understanding of clinical condiƟons. New Bolton 
Center’s large animal surgery team evaluates and surgically repairs nearly two dozen racehorses with 
condylar fractures of the third metacarpal/tarsal bones each year. We have idenƟfied a need within the 
racehorse industry to improve our clinical ability in providing a prognosis on these injuries at the Ɵme of 
surgery. Although the outcome of these fractures is likely mulƟfactorial, the naƟve Ɵssues of the joint—
namely the arƟcular carƟlage and underlying subchondral bone—likely play a central role in fracture 
healing, joint health, and therefore return to athleƟc use. The overall goal of this project is to assess the 
arƟcular carƟlage and subchondral bone of racehorses with naturally occurring condylar fractures using 
arthroscopy and computed tomography (CT) to understand the relaƟonship between Ɵssues of the joint 
and develop more objecƟve metrics that may assist in predicƟng case outcome. New Bolton Center is 
uniquely posiƟoned in its case populaƟon to clinically evaluate, treat, and facilitate short- and long-term 
case follow-up for racehorses with condylar fractures. 



 
--- 2. Briefly outline 3-5 goals for the requested funds and how these goals support your mission. --- 
 
The overarching objecƟve of this study is to explore the relaƟonship between different Ɵssues in the 
joint and how the health of those Ɵssues may relate to the clinical outcome of racehorses with condylar 
fractures. The specific aims toward this objecƟve are as follows: 
 
a.      To correlate the arthroscopic appearance of the arƟcular carƟlage and computed tomographic 
density paƩerns of subchondral bone in racehorses with naturally occurring condylar fractures. We 
hypothesize that extensive remodeling or sclerosis of the subchondral bone will be associated with more 
damage to the arƟcular carƟlage. 
 
b.      To compare the arthroscopic appearance of the arƟcular carƟlage and computed tomographic 
density paƩerns of the subchondral bone with the short- and long-term clinical outcome of racehorses 
with condylar fractures. We hypothesize that racehorses with more arƟcular carƟlage damage and/or 
increased subchondral bone density will require a longer post-operaƟve convalescence and may be less 
likely to return to athleƟc use. 
 
c.      Secondarily, this project is intended to develop more objecƟve metrics for creaƟng an accurate 
prognosis for condylar fractures in racehorses. MisinformaƟon about orthopedic injuries in racehorses 
has substanƟal social and economic effects on the racing community, and greater efforts are needed to 
provide objecƟve data for reference. Outcomes from this project will be disseminated to the veterinary 
community through manuscript publicaƟon and presentaƟon at local and naƟonal veterinary meeƟngs. 
Outcomes of this project will be communicated to the general equine community informally through 
conversaƟons with clients, owners, and trainers, and formally through community seminars and events, 
which are already in place as a part of the outreach programs at New Bolton Center. 
 
--- 3. Provide a detailed descripƟon of the proposed project, how it is related to the mission of TERF and 
how it will impact the health and welfare of the horse. (Note: research applicaƟons should be 
understandable to a non-scienƟfic audience and include sufficient detail and rigor for the scienƟfic 
reviewers.) --- 
 
Background – Historically, the invesƟgaƟon of joint disease has primarily been focused on the arƟcular 
carƟlage. The current paradigm for understanding joint disease focuses on the joint as a whole, organ 
(1), which means that all the Ɵssues of the joint play an important role in joint health and funcƟon. The 
relaƟonship between the arƟcular carƟlage and underlying subchondral bone has received a growing 
amount of aƩenƟon, due to the physical proximity of these Ɵssues within the joint. The interplay 
between the subchondral bone and arƟcular carƟlage is criƟcal for maintaining joint health and early 
damage in one Ɵssue has been shown to affect the funcƟons of the other.(2,3) 
        Condylar fractures of the third metacarpal/tarsal bone (MC3/MT3) represent 15-26% of racehorse 
fractures that occur in the absence of trauma(4), and in conjuncƟon with other fractures of the distal 
limb remain the most common cause of lost training days and euthanasia in the Thoroughbred 
racehorse.(5) Condylar fractures are believed to occur secondary to a failure in adapƟve remodeling of 
the subchondral bone secondary to cyclic loading of the bone produced by training.(6) Numerous studies 
have invesƟgated subchondral bone modeling in distal MC3/MT3 (7–10), but an antemortem 
invesƟgaƟon of the subchondral bone and arƟcular carƟlage has not been performed. There is a criƟcal 
need to invesƟgate how changes within the subchondral bone may be impacƟng the health of the 



arƟcular carƟlage to beƩer understand the impact condylar fractures have on long-term joint health and 
funcƟon. 
 
Project overview – A prospecƟve, mulƟ-method comparison design will be used to compare the 
arthroscopic appearance of the arƟcular carƟlage and density paƩerns within the subchondral bone on 
computed tomography (CT) in horses with naturally occurring condylar fractures in MC3/MT3. Findings 
from this research will help strengthen the understanding of the relaƟonship between arƟcular carƟlage 
and subchondral bone for joint health. 
 
Case selecƟon – Data will be collected on a total of 20 client-owner Thoroughbred racehorses with 
condylar fractures referred to New Bolton Center for evaluaƟon and internal fixaƟon. All fracture 
locaƟons (i.e., forelimb vs. hindlimb), configuraƟons (i.e., lateral vs. medial, complete vs. incomplete, 
unicorƟcal vs. bicorƟcal), and horse signalments (age, sex) will be eligible for inclusion. Thoroughbred 
horses not in acƟve training or racing, those with addiƟonal fractures in other bones, cases that are 
deemed to be criƟcal or hemodynamically unstable for the addiƟonal anesthesia Ɵme (see below) by a 
board-cerƟfied veterinary anesthesiologist, and those with fractures to be repaired under standing 
sedaƟon will be excluded from the study. Condylar fractures of MC3/MT3 will be made based on 
radiography or CT of the affected limb. Prior to internal fixaƟon, owners will be offered the opportunity 
to parƟcipate in the study. If the client agrees to parƟcipate, a CT examinaƟon (i.e., MC3/MT3 and 
associated metacarpo/tarsophalangeal (fetlock) joint) and arthroscopic evaluaƟon of the fetlock of 
interest will be performed under the same anestheƟc episode as internal fixaƟon. This study design will 
add 20 minutes (maximum) to the anestheƟc Ɵme. Costs associated with CT and arthroscopy will be 
covered through this proposed research. 
 
PaƟent outcome – PaƟent outcome will be determined by telephone conversaƟons with owners, 
trainers, or referring veterinarians, or on the basis of re-examinaƟons performed at New Bolton Center. 
Data from Equibase may also be used, if necessary to determine long-term outcome. 
 
Computed tomography (CT) – Images will be acquired with the horse under general anesthesia in lateral 
recumbency prior to internal fixaƟon of the fracture. CT imaging will be performed using a commercially 
available 16-slice mobile CT scanner (OmniTom; NeuroLogica) acquired at an exposure of 120 kV and 20 
mA in the transverse plane, with a slice thickness of 1.25 mm and volumetric resoluƟon of 0.25 mm. 
Imaging studies will be stored in a standard DICOM format for analysis. 
 
Metacarpo/tarsophalangeal (fetlock) joint arthroscopy – Arthroscopic evaluaƟon of the fetlock joint 
associated with the affected MC3/MT3 will be performed under general anesthesia. Briefly, a 4.5 mm, 
30-degree arthroscope will be inserted into the joint aŌer distension with isotonic fluids. The lateral and 
medial arƟcular carƟlage on the dorsal and palmar/plantar aspects of MC3/MT3 will be evaluated. If 
visible, the condylar fracture and degree of fracture reducƟon will also be evaluated. Arthroscopic 
evaluaƟon will be video recorded, and the lead surgeon will be asked to grade the appearance of the 
arƟcular carƟlage using a previously validated semi-objecƟve 0-4 scoring system.(11) Briefly, a grade 0 
indicates normal carƟlage, grade 1 carƟlage swelling and soŌening, grade 2 superficial fibrillaƟon, grade 
3 deep fibrillaƟon down to subchondral bone, and grade 4 exposure of subchondral bone. Arthroscopic 
skin incisions will be closed rouƟnely following arthroscopy. 
 
Image evaluaƟon – CT images will be analyzed in their original DICOM format to minimize data loss using 
similar methods as described by Posukonis et al.(10) Briefly, CT images will be segmented by pixel values 
corresponding to Hounsfield units (HU) and density paƩerns of bone will be visually assessed using a 0-3 



semi-objecƟve grading scale to facilitate comparison between objecƟve (computed) and subjecƟve 
(observer) analysis. Grading of arthroscopic images will be used to provide a total cumulaƟve joint score, 
and analysis will be further divided by regions within the joint (i.e., dorsal, palmar/plantar, proximal 
sesamoid bones). 
 
StaƟsƟcal analysis – DescripƟve staƟsƟcs will be reported for all enrolled cases, including age, breed, sex, 
and limb affected, as well as any other salient clinical informaƟon. All staƟsƟcal analyses will be 
performed using commercially available soŌware (R soŌware in RStudio). Categorical data will be 
reported as median +/- interquarƟle range. Data normality will be assessed using Shapiro-Wilk tesƟng 
and quanƟle-quanƟle plots. A linear mixed model with Tukey-Kramer pairwise comparisons (parametric) 
or Wilcoxon signed rank test with pairwise comparisons (non-parametric) will be used to compare 
findings between CT and arthroscopic images and between imaging findings and outcome. Fracture type, 
limb, horse age, breed, and sex will be evaluated as random effects and potenƟal interacƟons will be 
invesƟgated. StaƟsƟcal significance will be set at P < 0.05. 
 
The experimental sample size of 20 total horses was calculated using G*Power (version 3.1.9.6).(12) 
Specifically, an a priori power analysis was conducted using the CT-based pixel density between 
unicorƟcal and propagaƟng condylar fractures, as reported by Posukonis et al.(10) The power analysis 
resulted in a recommended sample size of 19 cases, with an effect size of 0.995, and a power of 0.9, 
using a 95% confidence interval. An addiƟonal case (i.e., a total of 20 horses) was added to increase 
staƟsƟcal strength for comparison. 
 
PotenƟal piƞalls – Given the exploratory nature of this study and natural variaƟon in horses and condylar 
fracture eƟologies and configuraƟons, type II error (i.e., accepƟng that there is no relaƟonship between 
subchondral bone and arƟcular carƟlage when a relaƟonship truly exists) is possible. However, given 
what has been previously published about condylar fractures and the consistent clinical caseload at New 
Bolton Center, it is expected that some relaƟonship will be detected if a true one exists—even if data 
only approach significance—and these data will provide addiƟonal insight for future studies. Outcomes 
of this study will directly impact the clinical understanding of the relaƟonship between subchondral 
bone and arƟcular carƟlage and may help in providing a more accurate prognosis for racehorses with 
condylar fractures at the Ɵme of surgical intervenƟon. 
 
Project relaƟon to TERF mission – The TERF mission focuses on the health and welfare of Thoroughbred 
racehorses through research with the ulƟmate goal of improving racing safety. The proposed project 
directly addresses this mission as condylar fractures are the most common long-bone fracture in the 
Thoroughbred racehorse and cause notable morbidity or mortality for the racehorse. ConƟnued efforts 
to understand the eƟopathogenesis and prognosis for condylar fractures will directly impact the 
understanding of the biological relaƟonship between the arƟcular carƟlage and subchondral bone, as 
well as allow clinicians to accurately treat and prognosƟcate when these injuries do occur. Results from 
this study may suggest paƩerns of change within the subchondral bone that are observed with condylar 
fractures as detected with CT, which in turn may support early detecƟon of injuries preceding fracture 
development. 
 
Impact on health and welfare of the horse – The proposed project aims to benefit Thoroughbred 
racehorses by expanding the current understanding of the relaƟonship between the subchondral bone 
and arƟcular carƟlage Ɵssues in horses with clinical condylar fractures; and how injuries in one—or 
both—Ɵssues may affect the long-term outcome and potenƟal for returning these horses to racing. The 
ulƟmate goal of this research is to use this increased knowledge to develop more targeted intervenƟonal 



strategies to prevent fracture formaƟon, and rehabilitaƟon efforts for affected horses to allow them to 
ideally return to racing, or some level of athleƟc use. 
 
--- 4. Provide a Ɵmeline detailing the expected progress of the project and specific milestones. --- 
 
Months 1-12: Case enrollment; concurrent arthroscopic image grading Months 5-6, 11-12: CT imaging 
data analysis Months 10-12: StaƟsƟcal analysis Month 12: Abstract and manuscript preparaƟon 
 
--- 5. Provide a detailed budget for the projected use of the funds. (Note: no funds will be provided for 
administraƟve overhead or capital spending; TERF reserves the right to modify funding based on 
FoundaƟon requirements). AƩach budget to submiƩed proposal as needed. --- 
 
Personnel Salary 
- No funds requested 
 
Procedures 
- Arthroscopy: $500/horse * 20 total horses; subtotal: $10,000 
 
Imaging 
- Computed tomography (CT): $500/horse * 20 total horses; subtotal: $10,000 
 
Total requested budget: $20,000 
 
 
Budget JusƟficaƟon 
Personnel 
Drs. Holly Stewart (PI), Jose Garcia-Lopez (Co-I), David Levine (Co-I), and Kyla Ortved (Co-I) are board-
cerƟfied veterinary surgeons. They will all be directly involved in case enrollment and arthroscopic 
evaluaƟon of affected horses. Dr. Stewart is the principal invesƟgator and has surgical and CT imaging 
experƟse. Dr. Stewart will be involved in all aspects of this project, including imaging, surgical treatment, 
lesion grading, paƟent outcome follow-up, data interpretaƟon and staƟsƟcal analyses, and manuscript 
preparaƟon. 
 
Dr. Kathryn Bill (Co-I) is a board-cerƟfied veterinary radiologist with secondary cerƟficaƟon in equine 
diagnosƟc imaging. She has extensive experience in CT imaging and will be involved in imaging protocol 
development and image interpretaƟon. 
 
Procedures 
Arthroscopy: Arthroscopic evaluaƟon of the metacarpo/tarsophalangeal (fetlock) joints of horses with 
condylar fractures will be performed under the same anestheƟc episode as fracture repair. Costs 
associated with the use of all arthroscopic equipment, including arthroscopic camera, arthroscopic video 
tower, sterile fluids, and suture, as well as addiƟonal anesthesia procedural Ɵme are included in this 
price. $500/arthroscopy, 20 horses; Total: $10,000 
 
Imaging 
Computed tomography (CT): OperaƟonal costs for the paƟent-side, fan-beam CT are reflected in this 
price, and include a total of one CT scan of the condylar fracture and associated 
metacarpo/tarsophalangeal (fetlock) joint. CT scans will be performed under the same anestheƟc 



episode as fracture repair, and stored in a DICOM format for later image analysis. $500/CT scan, 20 
horses; Total: $10,000 
 
--- 6. Provide a list of all other sources of funding and the amount(s) received. --- 
 
None 
 
--- 7. Briefly summarize your charity's past public educaƟon and research efforts. --- 
 
Not applicable 
 
--- 8. If you received funding from TERF previously, describe how these funds were used and outcomes 
achieved. Include any relevant publicity your charity received relaƟng to the funding. (i.e.: media 
coverage, such as news arƟcles, scienƟfic publicaƟons, provide links to copies, as appropriate). --- 
 
Dr. Holly Stewart (PI) received the 2020 Graduate Research Grant funded by The AAEP FoundaƟon for 
the Horse enƟtled “ValidaƟon of an innovaƟve contrast subtracƟon technique to detect equine bone 
marrow lesions using CT”. This project was supported in a partnership with TERF. Although iniƟally 
delayed by the COVID-19 pandemic, this project is successfully underway and is due to be completed by 
the end of 2023. Results from this study will be disseminated through presentaƟons at naƟonal meeƟngs 
and the submission of a manuscript to a peer-reviewed veterinary journal. 
 
--- 9. List other organizaƟons or major contributors that have provided funding to your organizaƟon in 
the last calendar/fiscal year. For research grant applicaƟons, provide a list of all current funding relaƟng 
to your current proposal. --- 
 
None 
 
--- 10. Name a responsible person with whom TERF may communicate regarding specific quesƟons and 
who will be responsible for follow-up informaƟon regarding the project. --- 
 
Holly Stewart 
 
--- 11. Provide appropriate references to support the proposed research. --- 
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--- 12. How many ExecuƟve Staff and Board of Directors does your organizaƟon have? --- 
 
1 
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--- 1. Name - Job Title --- 
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