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Cryopreserved umbilical allograft
(equicenta® CTM) improves
clinical outcomes compared with
clinician-selected standard of
care in performance horses: a
pragmatic prospective controlled
trial
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Introduction: This multicenter, prospective, controlled clinical study and client
survey evaluated the safety and effectiveness of an equine umbilical tissue sus-
pension (equicenta® CTM; eCTM, 2:1) compared with clinician-selected standard
of care (SOC) for treating lame performance horses.

Methods: This pragmatic, real-world, open-label study enrolled horses diag-
nosed with appendicular musculoskeletal conditions affecting the joints, ten-
dons, or ligaments under owner consent and an intention-to-treat design with
an optional crossover after no improvement at 12 weeks and per-protocol post
hoc analyses at 26 weeks. Horses were assigned to eCTM or clinician-selected,
non-steroidal SOC; other case management was not different. Ordinal outcomes
included lameness, pain, swelling, performance, adverse events, client-reported
health, plus ultrasound and gait kinematics at baseline and at 2, 4, and 12 weeks,
with veterinary remote follow-up at 26 weeks.

Results: Enrolled horses (n = 138) completed 12 weeks, and 135 surviving horses
completed 26 weeks. Cumulative improvement was greater for eCTM versus SOC
by 2 weeks for pain and swelling, by 4 weeks for lameness, and through 12 weeks
for all clinical outcomes (p < 0.001). Mean and cumulative performance scores were
significantly greater for eCTM at 26 weeks, with the odds of returning to or exceed-
ing prior performance favoring eCTM (2.72:1; p < 0.006). Client-reported body con-
dition, hair coat, overall health, and quality-of-life scores were significantly better
for eCTM (p < 0.03), and injection-related adverse events occurred more often in
SOC, particularly for joint injections. Kinematic analysis showed significantly greater
improvement in lameness with eCTM at impact and push-off.
Discussion/conclusion: In this pragmatic setting, a single, off-the-shelf injection
of eCTM was associated with earlier, greater, and more durable improvements in
clinical and performance outcomes than clinician-selected non-steroidal SOC.
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The open-label design and flexible SOC comparators reflect real-world applica-
tion of biologics and may have introduced expectation and treatment selection
biases, although none were identified in post-sensitivity analyses. The magnitude
and consistency of between-group differences across clinical, owner-reported,
and kinematic outcome measures suggest an observed treatment effect. Overall,
these positive findings suggest that eCTM may offer a single-dose alternative
to clinician SOC approaches for selected musculoskeletal conditions in lame
performance horses.

Clinical trial registration: https://studypages.com/dashboard/ unique identifier
is VCT #26005934.

KEYWORDS
ligaments, equicenta CTM umbilical allograft, joints, prospective controlled clinical trial

in lame horses, real world lameness clinical trial, tendonitis, standard of care, biologics

1 Introduction

Clinical studies specifically examining lame performance horses
are limited, even though lameness is a leading cause of poor perfor-
mance, loss of use, and early retirement across disciplines (1-4).
Musculoskeletal disorders of appendicular joints, tendons, and liga-
ments—including osteoarthritis, synovitis, suspensory desmitis, and
tendonitis—are common in performance horse populations and fre-
quently become chronic or recurrent (5-7). Despite advances in diag-
nostics and rehabilitation, many affected horses do not regain their
previous level of work, and long-term management often entails sub-
stantial time, cost, and ongoing challenges for owners and veterinar-
ians (1, 5, 8).

Over the last decade, intra-articular and intralesional biologic
therapies, such as autologous hemoderivatives and other ortho-bio-
logic products, have become widely used in equine sports medicine,
particularly for musculoskeletal conditions of the joints and soft tis-
sues, such as tendons and ligaments (9, 10). Despite technological
advances, inter-animal variability in autologous products has made
consistent composition and repeatable clinical responses elusive.
Autologous products are inherently limited because they are derived
from animals of variable health, often with comorbidities and
impaired healing, which may constrain their beneficial effects (11-15).
Equine performance practices routinely use injectable biologic thera-
pies for these musculoskeletal conditions, yet there is limited peer-
reviewed evidence regarding safety, donor consistency, product
variability, or effectiveness for commercially available formulations.
These limitations, combined with strong market interest in alterna-
tives to autologous blood products, have stimulated the development
of novel ortho-biologic strategies such as microparticulate umbilical
tissue allografts for injection.

Cryopreserved umbilical-derived allografts represent a newer
class of ortho-biologic treatment with the potential to modulate
inflammation and support tissue remodeling through a combination
of bioactive proteins and extracellular matrix components (16-20).
Equicenta® CTM (eCTM) is a cryopreserved equine umbilical
allograft designed for local injection into musculoskeletal tissues, spe-
cifically joints, tendons, and ligaments. Early studies on eCTM suggest
potential clinical benefit, including improvement in clinical signs in a
limited number of cases, biocompatibility in vivo, and biologic char-
acterization in vitro (21, 22). Comparative prospective clinical data in
performance horses are limited for any biologic, particularly under
routine clinical practice conditions.
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In contemporary equine sports medicine, orthobiologic therapies
such as platelet-rich plasma (PRP), autologous conditioned serum
(ACS), autologous protein solution (APS), and mesenchymal stromal
cells are widely used to manage performance-limiting lameness, with
injections commonly administered into both joints and soft-tissue
structures (tendons and ligaments), often in horses that have multiple
lesions within a limb or in more than one limb (5, 10, 23-26).
Management decisions are influenced by practice patterns, client
expectations, and prior treatment history, resulting in heterogeneous
but clinically relevant case mixes. Comparative effectiveness studies of
new ortho-biologic interventions that reflect this complexity may have
advantages for application in the intended population and have some
advantages over classical randomized clinical trials (RCTs) that focus
more narrowly on a single lesion type or experimental models (27).

The primary objectives of this clinical study were to determine
whether eCTM treatment was associated with greater improvement
in clinical outcomes, defined as lameness, pain, and swelling, over
12 weeks, than SOC as used in current practice, and to compare safety
profiles. Secondary objectives were to compare performance over
26 weeks, explore tissue-level remodeling and gait symmetry using
quantitative ultrasound-based Tissue Remodeling Scores (TRS) and
smartphone kinematic gait analysis.

Comparative analyses were conducted under an a priori superior-
ity framework, in which the null hypothesis specified no difference
between treatments and the alternative hypothesis specified that the
test product would provide greater improvement than the comparator,
in contrast to non-inferiority or equivalence frameworks. It was
hypothesized that, in a real-world equine sports medicine setting,
horses treated with eCTM would demonstrate greater and more dura-
ble improvement in clinical and performance outcomes than horses
treated with clinician-selected SOC, with an acceptable safety profile,
and support the hypothesis that structural remodeling metrics and
kinematic gait analyses would align with these clinical findings.

2 Materials and methods
2.1 Study design and setting

This study is a real-world, pragmatic, prospective, multicenter,
open-label, controlled clinical trial with a flexible comparator arm
(28), conducted in lame performance horses under CONSORT guide-
lines (29), and was enrolled at eight equine specialty practices between
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23 October 2024 and 31 August 2025. The trial compared a cryopre-
served umbilical allograft (the intervention) with clinician-selected
standard-of-care (SOC) treatments, with veterinary follow-up for 2,
4, and 12 weeks and remote veterinary follow-up at 26 weeks.

Analyses distinguished between horses, conditions, and injec-
tions. Horses were the unit of randomization, and conditions were the
unit for clinical outcome analyses of lameness, pain, and swelling.
Each enrolled condition received one primary injection at baseline. In
the SOC arm, some biologic products had manufacturer reccommen-
dations for repeat injections; these protocol-defined repeat injections
formed part of the primary management plan but did not generate
new conditions and were not treated as independent observations for
clinical outcomes. Rescue injections given after the 12-week assess-
ment did not generate new outcome conditions but were included for
a 26-week performance per-protocol analysis. For safety data, all injec-
tions, primary, planned repeats, and rescue injections, were counted
in safety analyses so that the adverse-event profile reflected exposure
at the injection level.

2.1.1 Participating practices and veterinarians

Each practice had a designated site investigator (SI) veterinarian
and one or two project veterinarians (PVs) as co-investigators. All
were recognized specialty performance horse practices with experi-
ence in musculoskeletal diagnostics and biologic therapies. An inde-
pendent external research consultant veterinarian (ALB) served as the
multicenter study director, quality monitor, and third-party
adjudicator.

SIs ensured that participating facilities met protocol requirements
for space, technical support, record-keeping, imaging capabilities, and
client management. Client, staff, or veterinarian complaints related to
the trial were handled by the SI according to predefined procedures.
Each practice aimed to enroll approximately 10-50 horses; all prac-
tices met the minimum target of 10 enrolled horses.

2.1.2 Training and standardization

Before enrollment began, PVs underwent standardized training
via interactive online sessions covering detailed protocol procedures,
including randomization, kinematic video acquisition, ultrasound
image collection, case report forms, logistics, and handling and stor-
age of investigational product in mobile —80°C freezers (Sterling
Ultracold Portable -80°C Freezer, Global Cooling Incorporated, 6000
Poston Road, Athens, OH 45701). At the study launch in each prac-
tice, the director attended in person for initial cases.

Consensus training in clinical scoring was performed using live
cases to harmonize grading of lameness, pain on pressure and flexion,
swelling, and adverse reactions, based on definitions in the protocol,
with the goal of minimizing inter-observer variability across veteri-
narians and practices (30). Each veterinarian received hard-copy pro-
tocol binders and a password-protected tablet computer for electronic
data entry. Once signed, electronic forms were locked and could only
be modified by the responsible veterinarian.

Portable ultrasound units (Butterfly iQ3 Ultrasound System,
Butterfly Operations Inc., 1,600 District Ave, Burlington, MA 01803,
USA) were provided to each participating veterinarian, with images
stored in a secure cloud environment and locked upon upload.
Kinematic videos were captured on smartphones and analyzed within
a dedicated clinical-trial account.
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2.2 Eligibility and enrollment

Client-owned performance horses were eligible if they met all
inclusion and exclusion criteria and had a current negative Coggins
test. Owners or persons responsible signed informed consent and
commitment forms before enrollment.

At enrollment, clients and veterinarians completed a detailed his-
tory form including prior treatments for the condition, discipline,
peak level of performance, dates of onset, and performance limitations
attributed to the condition.

Key inclusion criteria were appendicular musculoskeletal condi-
tions of the diarthrodial joint or soft tissues (tendon or ligament) diag-
nosed as the source of pain and lameness and were anatomically
assessable by ultrasonography; American Association of Equine
Practitioners (AAEP) lameness grade 1-4 at the trot [0 = not lame at
the walk and trot, 1 = not lame at the walk and intermittently lame at
the trot, 2 = not lame at the walk and consistently lame at the trot
under special circumstances such as lunging, 3 = not lame at the walk
and consistently lame at the trot on a straight line, 4 = lame at the walk
and trot on a straight line, and 5 = partially or fully non-weight bear-
ing at the walk] at enrollment; body condition score 3-8; and no infec-
tious disease, steroid administration, injection, or invasive procedures
at the site of interest in the previous 30 days. Compliance with FEI and
USEF medication rules for performance-affecting substances at base-
line and at each evaluation was required. [Federation Equestra
Internationale (FEI)/United States Equestrian Federation (USEF)
Medications Rules and Regulations for International and National
competition] [FEI Detection Times 2022, https://inside.fei.org].

Key exclusion criteria included recent systemic injection of any
substance without director approval, local or systemic corticosteroid
treatment at the site of interest within protocol-defined intervals, use
of therapies targeting sensory nerves serving the site of interest,
unhealed fractures in the joint within 2 months, non-appendicular
conditions, breeding stallions, draft horses, ponies under 13.0 hands,
and pregnant or lactating mares.

To be included, lameness had to be confirmed by diagnostic
workup, such that the clinician was confident the condition(s) were
the source of the lameness. Eligible horses were typically 2-20 years
old; exceptions required director approval. Horses had to be otherwise
healthy based on physical examination and general attitude.

More than one eligible condition per horse was permitted.
Multiple conditions in the same limb (i.e., joint and periarticular liga-
ment lesions), or bilateral conditions (i.e., bilateral coffin joint arthri-
tis) could be enrolled, provided each contributed to lameness and met
the inclusion criteria. In such cases, all treated conditions in each
horse received the same assignment, either eCTM or SOC. Each con-
dition was followed as a separate condition-level observation for out-
comes. For conditions within the same limb, a single limb-level
lameness score was assigned and applied to all relevant conditions,
such that improvement required overall improvement of that limb,
which represented a conservative criterion for response.

2.3 Interventions
2.3.1 Umbilical allograft intervention arm
Equicenta® CTM was supplied as single-use vials containing

1.5 mL of a cryopreserved umbilical-derived protein and micropar-
ticle suspension. The product was shipped on dry ice and stored at
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—80 °C in dedicated freezers at each site until use. Immediately prior
to injection, vials were thawed in the hand for 10-15 min, gently agi-
tated to resuspend microparticles, and aspirated for aseptic adminis-
tration. Joint injections were targeted as close as possible to the area
of synovial thickening and suspected cartilage injury based on prior
imaging. In ST horses, eCTM injection proceeded with needle place-
ment relatively parallel to the fiber longitudinal orientation to deposit
the dose along the epicenter of the fiber damage. eCTM was injected
and distributed within the lesion as the needle was withdrawn.

2.3.2 Standard of care comparator arm

For SOC, attending clinicians selected what they judged to be the
best available treatment for that horse and specific musculoskeletal con-
dition (SOC flexible arm). The goal was to reflect real-world use of
hemoderivatives and other biologics and comparators in similar indica-
tions. All injections, including product type, dose, and site, were
recorded. The nature of the clinician-selected standard of care typically
would include ortho-biologics currently used to treat musculoskeletal
conditions intra-articularly and intra-lesionally, such as autologous pro-
tein solution (APS), platelet-rich plasma (PRP), autologous conditioned
serum (ACS), platelet-poor plasma (PPP), stem cells (expanded bone
marrow- or fat-derived), amnion allograft, hyaluronic acid (HA), and
polyacrylamide gels (PAAGs) (2.5% or 4%) (5, 10, 11, 15).

2.3.3 Co-interventions allowed

At or before Day 0, each horse received an individualized manage-
ment plan prescribed by the PV, reflecting routine practice for the
specific condition. Plans could include ancillary medical procedures
such as shock wave therapy and structured rehabilitation exercises.
For SOC horses, the plan could include repeat biologic injections per
manufacturer recommendations. Actual ancillary treatments and
repeat injections were recorded at Day 0 and follow-up visits.

2.3.4 Co-interventions not allowed

Steroid therapy, locally or systemically, was not allowed for the
12 weeks of primary outcome assessment for the study.

2.3.5 Recording and categorizing

The same veterinarian who enrolled the case (with some excep-
tions) performed the Day 0 (baseline), 2-, 4-, and 12-week follow-ups.
Clients, along with a study veterinarian, completed a 26-week survey
assessment that included performance information. Owners or per-
sons responsible documented veterinary therapies and rehabilitation
on the follow-up forms.

Data were collected at predetermined time windows relative to the
time of injection (Day 0); enrollment (—2 weeks to Day 0), 2 weeks
(—3 days to +1 week), 4 weeks (—3 days to +2 weeks), 12 weeks
(¢4 weeks), and 26 weeks (+4 weeks). Out of 773 possible data collec-
tion points, 37 (4.8%) were outside the window, did not differ between
eCTM and SOC, and were included in the intended time.

2.4 Allocation

Allocation was quasi-randomized within practices by initial coin
toss and randomly allocated (Test(T)TC(Control), TCT, CTT) to
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achieve an ~ 2:1 eCTM versus SOC ratio. Allocation was not known
at the time of case evaluation and was not predictable.

As with any random assignment, the ratio may not be achieved.
Overall study allocation between groups was monitored centrally with
the aim of achieving an overall allocation ratio of approximately 2:1
for eCTM to SOC. The final achieved ratio was 1.9:1 for both horses
and conditions without any central intervention. Primary analyses
included data from all practices.

2.5 Blinding and minimizing bias

This trial was conducted as an open-label study with blinding
between practices but not within practices. Veterinarian, staff, and
client blinding were upheld between practices for all data. Ultrasound
quantitation and analyses were performed in a blinded manner. Data
entry into spreadsheets from locked computers was performed by
blinded personnel. Data analysts and statisticians were blinded to
treatment for analyses, including kinematic data. Several measures
were implemented to preserve internal validity and limit potential
bias. Selection bias was limited by pre-defined eligibility, consecutive
case enrollment, stratified blinding among practices, and the addition
of quantitative secondary outcomes (31). Expectation bias was limited
by standardized outcome definitions for lameness, pain, swelling, per-
formance, and adverse events. PVs underwent consensus training in
scoring lameness, pain on pressure and flexion, swelling, and adverse
reactions according to protocol definitions, and the same PV typically
performed all follow-up assessments for a given case.

Objective exploratory outcome measures, including quantitative
ultrasound-based TRS and kinematic gait analyses, were obtained in
subsets of horses to provide assessor-independent support for clinical
findings.

Financial incentives were aligned and standardized to minimize
performance and detection bias: participating veterinarians received
no compensation or other benefits contingent on treatment selection
or study outcomes. All veterinarians signed declarations confirming
the absence of outcome-contingent financial relationships with manu-
facturers of products used in the study, including the sponsor’s
product.

2.6 Outcome measures
2.6.1 Primary outcomes

The primary outcome for effectiveness in this study was the
change in AAEP-validated lameness grade (32, 33) and validated pain
and swelling scores (34) at pre-specified time points of 2, 4, and
12 weeks. Each enrolled condition received one primary injection at
Day 0, which formed the basis for all primary clinical outcome analy-
ses of lameness, pain, and swelling at 2, 4, and 12 weeks.

The primary outcomes for safety were non-serious and serious
adverse events requiring diagnostic workup or treatment, and acute
worsening of lameness immediately after injection.

2.6.1.1 Lameness evaluation
Lameness was graded using the AAEP lameness classification at
enrollment and at weeks 0, 2, 4, and 12 by the PV. Lameness evalua-

tions were performed and graded as the first step in a designated lame-
ness area. Subsequently, horses were walked and trotted according to
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protocol, and trot sequences were recorded and uploaded to the kine-
matic analysis platform. Assignment of lameness grade was completed
prior to evaluation of the gait video analyses. When indicated, horses
were trotted after joint flexion for joint lesions or following palpation
pressure over soft-tissue lesions. When indicated, horses were lunged
to grade bilateral lameness.

2.6.1.2 Pain and swelling scores

Pain to soft-tissue pressure at the lesion site or joint flexion was
scored at each lameness evaluation on a 0-4 scale (21, 34, 35). Swelling
of the joint or soft-tissue structure was evaluated visually and by ultra-
sonography at each lameness time point and scored 0-4 according to
predefined criteria (34). Injection-site inflammation was scored sepa-
rately on a 0-4 scale around the percutaneous injection site, based on
predefined diameter and extent criteria, and contributed to the safety
analysis of the adverse event profile (34). The approximate proximal-
distal length of tendon or ligament lesions was also recorded.

2.6.1.3 Safety outcomes

Safety outcomes were based on injection reactions (adverse
events) reported by clients and confirmed and scored by veterinarians
as non-serious or serious based on whether intervention, such as diag-
nostic tests or treatment, was applied. Veterinarians were requested to
report and comment on their opinion as to whether the serious or
non-serious event might be related to the product, as indicated by
increased pain or swelling in or around the tissues or joint
injected (21).

Inflammation at the percutaneous injection site was a separate
outcome category, distinct from adverse events, and was collected
along with clinical outcomes and per protocol to reflect a predefined
score (0-4) for the size of skin and subcutaneous signs of inflamma-
tion at the needle injection site (21).

All Adverse Event reports were subsequently reviewed centrally
by a blinded data analyst for any discrepancies between site classifica-
tion and protocol definitions, and recommended reclassifications as
per protocol. Reclassifications were reviewed and approved after a
central independent veterinarian review. Sensitivity analyses explored
the impact of reclassifying cases as possibly related to the product after
a central independent veterinarian review. Both PV and central vet-
erinary review outcomes were reported.

Additional injections at the condition site were permitted accord-
ing to protocol. Two categories were defined: planned repeat SOC
injections as part of the primary management plan for certain biolog-
ics, and rescue injections, either SOC or eCTM, allowed after the
12-week assessment for conditions that remained at least as lame as at
baseline. All injections were assessed and included in safety data,
including primary, prescribed repeat injections in the SOC controls,
and rescue injections, including cross-over injections.

Planned repeat SOC injections and rescue injections did not
create new outcome units but were recorded and included in safety
analyses.

2.6.2 Secondary outcomes
The secondary outcomes for this study were return-to-perfor-

mance, subgroup analyses, rescue injection outcomes, owner/clinician
assessments, imaging changes, and kinematic gait analysis.
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2.6.2.1 Performance assessment

At enrollment, discipline and peak competition level within the
prior 6 months were recorded. At follow-up on at weeks 2, 4, 12 and
26 weeks, veterinarian performance scores from 1 to 4 were recorded
in consultation with the owner or person responsible: 1 = no return to
work or performance due to the injury; 2 = return to rehabilitation
work without tack, but no return to performance; 3 = return to work
under tack but not at prior performance level; 4 = return to or exceed-
ing previous work or performance. Objective performance data were
collected when available. Performance scores were assessed on an
intention-to-treat basis.

2.6.2.2 Client assessment

All owners or persons responsible with horses enrolled in the
clinical study were simultaneously enrolled in a prospective client
assessment study using a validated survey instrument administered at
the same time windows as veterinarian follow-up at 2, 4, 12, and
26 weeks (34). Clients agreed to complete all forms prospectively at
each scheduled time point, providing parallel data on comfort and
health parameters.

2.6.2.3 Rescue criteria and outcome assessment

Rescue injections were permitted only after the conclusion of the
12-week primary outcome assessment and included follow-up evalu-
ations at 4 weeks and 12 weeks for lameness, pain, and swelling.
Follow-up at 26 weeks of enrollment often coincided with the 12-week
follow-up by the PV. The estimated study termination date of 31
March 2026 was 26 weeks after the last day of enrollment (31 August
2025) and included the option for a 26-week follow-up for many
rescue horses (38 weeks) for comparable performance data (26 weeks)
to primary injection.

For 26-week performance analyses, all rescued horses were
retained in the intention-to-treat analysis according to their original
randomized group and excluded from the per-protocol analysis. Both
intent-to-treat and per-protocol results are reported. Rescue injections
contributed to safety denominators and constituted new outcome
units in prespecified per-protocol analyses only. Post hoc sensitivity
analyses of parameters for this cohort of conditions for lameness, pain,
and swelling were performed. Details on horses that failed to improve
and were rescued with additional injections were tabulated and
included limb, clinical diagnoses, original lameness score, and
product.

2.6.2.4 Computational ultrasound tissue remodeling
score (TRS) and TRS validation

Ultrasound DICOM images of ligaments and tendons from day 0
to week 12 were downloaded from cloud or local systems, de-identi-
fied aside from horse, date, and condition ID, and blinded to treat-
ment group. Images underwent quality review; 46 conditions met
pre-specified image-quality criteria and were included in the explor-
atory tissue remodeling score (TRS) analysis. Regions of interest
encompassing the lesion were manually selected, and six quantitative
texture features were computed for each region of interest (ROI) using
algorithms to derive a TRS, normalized to 50 at baseline for each horse
and tracked over time. Each quantitative texture feature is based on

frontiersin.org


https://doi.org/10.3389/fvets.2026.1833933
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Bertone et al.

quantification of recognized visual abnormalities in tendon or liga-
ment (36), including structural measurements of central dark area and
dark intensity, as well as quality measurements of fiber alignment and
fiber echo intensity. Intra-rater segmentation reproducibility was
assessed by cohort Dice analysis across 25 paired ROIs in eight cases
spanning tendon and ligament conditions in the data set and com-
pared to published intra-rater benchmarks for ultrasound segmenta-
tion (37). Validation of TRS to a clinical gold standard of lameness
grade was assessed by within-horse correlation: ATRS to ALameness
by Pearson Correlation at Day 14 and Day 30 in the tendon subset.
TRS and performance outcome validity were assessed in ligaments
and tendons to provide convergent evidence at the cohort level that
the TRS treatment-effect signal aligns with an independent clinician-
assigned performance measure (predictive validation). In conclusion,
the segmentation step is reproducible enough that it does not account
for the cohort-level treatment effect (ligament d = 0.97). TRS vari-
ability between segmentation passes is small relative to the eCTM-vs-
SOC signal. All data will be considered secondary to primary
outcomes and exploratory.

2.6.2.5 Kinematic gait analysis

Kinematic gait analysis was performed using the dedicated
motion-analysis platform (Sleip.com, Drottninggatan 92, 111 36
Stockholm, Sweden). For each time point, videos of trot and, when
applicable, lunge were recorded, processed through a predefined data
pipeline, filtered for quality, and summarized as asymmetry indices
and related metrics. Recordings were assigned to the nearest follow-up
window, with multiple recordings per time point averaged per horse.

2.7 Sample size and subgroup analyses
2.7.1 Sample size

Sample size estimates for safety were based on limited allograft
data reporting a 13% adverse reaction rate in 100 lame horses, so a
minimum of 100 eCTM-treated horses was targeted to provide a rea-
sonable safety profile (38). For the primary AAEP lameness outcome,
a 1-grade improvement was considered highly clinically meaningful,
with changes >0.5 grade also deemed important given the breadth of
each ordinal grade. In prior randomized work in OA horses, lameness
and client scores showed significant improvement with APS treatment
compared with saline controls at n = 20 per group (35), and a separate
allograft study in OA and soft tissue (desmitis/tendonitis) (n = 10 for
OA and n = 10 for ST) demonstrated significant lameness improve-
ment for soft tissue (ligaments/tendons) and near-significant improve-
ment for OA (34). Based on the means and SDs from that work, with
power 0.8 and alpha 0.05, a difference of 1 point in lameness and client
scores required only three horses per group. Because our pragmatic
clinical study was expected to show greater variability, we targeted
approximately two-fold larger numbers of joints (1 = 40/group or 80)
and soft-tissue lesions (n = 20/group or 40) than in those studies, and
it was anticipated to provide adequate power for the primary out-
comes. For ultrasound and selected parameters, effect sizes (Cohen’s
d) and Pearson’s r were used, with thresholds >0.75 or r ~ 0.3 inter-
preted as large and clinically relevant. Odds ratios were calculated for
key binary outcomes, such as becoming sound or pain-free (lameness
and pain score of 0) and for adverse reactions, with alpha set at
P < 0.05, while near-threshold values were sometimes reported when
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directionally consistent and clinically relevant. Given the heterogene-
ity of this pragmatic design, the goals were approximately 50 SOC and
>100 eCTM conditions (2:1), and enrollment continued to the
planned end date rather than stopping when these targets were
reached.

2.7.2 Subgroup analyses

As a preface, CONSORT and methodological papers emphasize
that the primary analysis as designed (overall randomized compari-
son, allocation, and sample size assessments) should be maintained to
protect the integrity of the primary, pre-specified analysis and remain
the main basis for inference. This study’s primary findings are
anchored to the prespecified inclusion of the overall population of
musculoskeletal conditions, reflecting current practice. Post hoc sub-
group analyses, while acknowledging the clinical interest, may be of
lower credibility, mainly hypothesis-generating and recognized as
exploratory in nature if the reduced sample size and increased vari-
ability underpower the comparisons. The primary objective of this
pragmatic study was to compare equicenta® CTM versus clinician-
selected standard care across musculoskeletal indications treated in
current practice. The current application of the control comparator
arm products across all tissues in equine practice provides a strong,
practice-based rationale for focusing on the global effect on
tissue types.

Explicitly, two predefined post hoc analyses were selected as clini-
cally sensible contrasts for a limited, clinically driven exploratory sub-
group analysis, tissue type, and SOC.

2.7.3 Subgroup analysis by tissue type

The three musculoskeletal tissue types comprising the prespeci-
fied primary analysis included joints and soft tissues (tendons and
ligaments). Each of these tissue types is often treated similarly with the
same biologic and pharmaceutical products, administered by injec-
tion, such as biologics and steroids.

Joint, tendon, and ligament tissue subtype was compared between
groups eCTM and SOC at 2, 4, 12, and 26 weeks for lameness, pain,
swelling, and performance outcomes. Tendons were underpowered
for subdivision due to a less robust subsample size; combining relevant
outcomes of pain and lameness into a clinical index enhanced power.
Findings are presented as exploratory, with emphasis on consistency
of direction, not only statistical significance. These exploratory results,
when analyzed this way, may be broadly consistent with the pri-
mary result.

2.7.3.1 Subgroup analysis of the SOC by product class

The overall population study design reflects how hemoderivatives
and other biologics are currently used, so the overall SOC class is the
clinically relevant target population, rather than a collection of many
separate, smaller studies. The current application of the comparator
arm in equine practice provides a strong, practice-based rationale for
focusing on the global effect of these ubiquitous blood proteins that
have tissue-agnostic functions found in both eCTM and SOC.

Explicitly two predefined post hoc analyses were selected as clini-
cally and statistically sensible contrasts for the SOC comparator arm;
a subgroup analysis comparing overall hemoderivatives representing
the largest subgroup in the SOC (n = 43; 63.2%) and the most popular
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biologics used in performance horse practice today, and the subgroup
APS as the hemoderivative with the largest number of cases in this
study (n = 22; 51% of the hemoderivatives) and with reported clinical
efficacy data.

2.8 Statistical analysis

All statistical analyses were performed by an independent third-
party biostatistician experienced in clinical trial analysis and reporting
using R, primarily with the Ime4, ImerTest, emmeans, and nlme pack-
ages. [R Core Team (2024). R: A Language and Environment for
Statistical Computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/] Clinical outcomes
of interest included cumulative improvement from baseline in lame-
ness, pain, and swelling scores at predefined time points, as well as
26-week performance scores.

2.8.1 Analysis populations

The primary analyses of clinical outcomes up to 12 weeks were
conducted according to the intention-to-treat principle, including
all quasi-randomized horses in the treatment groups to which they
were originally assigned. No horses withdrew or changed treatment
assignment prior to the 12-week visit; therefore, intention-to-treat
and per-protocol populations were identical for analyses through
12 weeks.

At 12 weeks, predefined rescue options permitted repeat injec-
tions or cross-over for horses that did not demonstrate improvement
in lameness relative to baseline. For 26-week performance outcomes,
two complementary analyses were performed: an intention-to-treat
analysis including all quasi-randomized horses analyzed according to
initial treatment assignment, reflecting real-world effectiveness, and a
per-protocol analysis excluding horses that received rescue or cross-
over treatment between weeks 12 and 26, providing an estimate of
efficacy under the originally assigned regimen.

2.8.2 Primary models for clinical outcomes

For the primary clinical outcome analyses, cumulative improve-
ment in lameness, pain, and swelling scores, linear mixed-effects
models were fitted to evaluate the effects of treatment group, time, and
the treatment group x time interaction. To account for repeated mea-
surements over time within the same treated condition, a random
intercept for condition was included. Accounting for multiple condi-
tions per horse did not materially alter the main clinical outcome find-
ings. Outcomes were expressed as change from Day 0, which partially
normalized baseline variability within each condition prior to
modeling.

Estimated marginal means and 95% confidence intervals for each
treatment group at each time point were obtained from the models,
and planned pairwise contrasts between eCTM and SOC were calcu-
lated using the emmeans framework with Fisher’s least significant dif-
ference approach. Statistical significance was defined as p < 0.05.

2.8.3 Subgroup and sensitivity analyses
Prespecified analyses focused on the overall population of eligible

musculoskeletal conditions treated with biologic injections, reflecting
real-world use in participating practices. Subgroup and sensitivity
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analyses were considered post hoc and were exploratory and inter-

preted cautiously. Practice-related results were interpreted
descriptively.

Secondary subgroup exploratory analyses were conducted within
the same linear mixed-effects framework, stratified by condition cat-
egory and, where numbers allowed, by tissue type (joint and ligament)
separately. Additional exploratory analyses examined product-class
subgroups within the SOC arm, for example, pooled autologous
hemoderivative products and APS specifically, and compared those
outcomes with the eCTM arm. Because these analyses were not pre-
specified and had smaller sample sizes, results were considered
hypothesis-generating.

When appropriate, heterogeneous residual variance structures
were specified to allow unequal variances across treatment groups
and/or time points, particularly in subgroup models with reduced
sample sizes. For frequency data, including lesion distributions,
adverse-event frequencies, and the proportion of horses with more
than one treated condition, Fisher’s exact tests were used. p-values for
subgroup and sensitivity analyses were reported descriptively without
formal adjustment for multiplicity, and interpretation emphasized
consistency of direction and magnitude with the primary analysis

rather than isolated nominal significance.
2.9 Ethical approval and consent

All procedures were approved by an independent third-party
Institutional Animal Care and Use Committee before study initiation
(ETCR-2024-0329; East Tennessee Clinical Research, Inc., Rockwood,
TN, USA). Informed consent was obtained from 100% of owners or
persons responsible for the horses before enrollment. The trial was
registered in the AVMA Veterinary Clinical Trials Registry (VCT
#26005934).

3 Results

3.1 Participant flow, recruitment,
enrollment, and follow-up dates

All eight performance horse practices completed training, and the
study, with 100% of enrolled horses, followed the 12-week veterinary
assessment. A total of 138 client-owned performance horses were
enrolled, contributing 195 eligible musculoskeletal conditions for out-
come analyses. The flow of horses and conditions through enrollment,
allocation, follow-up, and analysis is summarized in the CONSORT-
style diagram (Figure 1).

Horses could be recruited at examination and returned for up to
2 weeks prior to starting the study on Day 0, the day of injection.
Veterinary and client follow-ups occurred at 2, 4, and 12 weeks
after Day 0.

All enrolled horses completed a 12-week veterinarian follow-
up, and 135 of 138 horses (98%) completed the 26-week client and
veterinarian performance assessment. Three horses died between
weeks 12 and 26 due to colic, a racing accident, and acute neuro-
logic disease; all were deemed unrelated to the study product by site
veterinarians.

After enrollment ended on 31 August 2025 (study month 10).
Follow-up by veterinarians was completed on 31 December 2025
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Assessed for eligibility
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—p [ -NOt meeting inclusion criteria
-Declined to participate
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v

[ Enrollment (n=138) ]

Practice Stratified;
Individually Randomized
(eCTM 91; SOC: 47; 1.9:1)

}
, T ] l

Allocated to intervention (n= 91) Allocated to Control (n=47)

-Received allocated intervention (n= 91) -Received allocated intervention (n= 47)

-Did not receive allocated intervention (n=0) -Did not receive allocated intervention (n= 0)
J [ Follow-Up ] l

Discontinued intervention (n= 0) Discontinued intervention (n= 0)

Lost to follow-up for primary outcome (n= 0) Lost to follow-up for primary outcome (n= 0):
l [ Analysis ] 1

Analyzed for primary outcome (n= 91) Analyzed for primary outcome (n= 47)

Excluded from analysis (give reasons) (n= 0) Excluded from analysis (n= 0)

FIGURE 1

CONSORT-style diagram. The flow of horses and conditions through enrollment, allocation, follow-up, and analysis. Diagram modified from (64),
licensed under CC BY 4.0.

for primary 12-week outcomes (Study month 14). Remote veteri-  full performance. The most common prior treatments were NSAIDs,
nary/client follow-up was completed on 31 March 2026 for 26-week  biologics, and steroids, with similar distributions between groups,
performance outcomes and rescue injection 12-week outcomes. indicating comparable pre-study historical medical management

(Table 1). Client-reported performance scores in the 6 months before
3.2 Baseline characteristics and prespecified  enrollment did not differ between groups, indicating comparable pre-
sensitivity analyses study performance levels.

All horses had a negative Coggins test, normal physical examinations, ~ 3.2.2 Diagnostic workup and enrollment
and baseline CBCs obtained in 99.3% of horses before enrollment. ~ diagnoses
Follow-up CBCs were collected in 90.6% of horses, with missing samples

distributed across groups with no significant difference between groups. The distribution of prior diagnostic work-up, including physical
All CBCs were considered acceptable by study veterinarians. examinations, lameness examinations, diagnostic anesthesia (nerve

and joint blocks), and imaging modalities, was similar with no signifi-
3.2.1 Prior treatments and performance before cant differences between groups, indicating comparable pre-study
enrollment diagnostic workup levels (Table 2). All horses underwent a complete

diagnostic work-up, such that the PV was confident that the enrolled

Most horses had experienced the target condition for less than  condition (diagnosis) was the primary cause of lameness. Distributions

6 months at enrollment, and more than half in each group had  of specific diagnoses were generally similar between eCTM and SOC
received prior treatments that were insufficient to return the horse to  arms (Table 3).
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TABLE 1 Prior veterinarian-prescribed treatments distributed by duration of condition recorded at enrollment and assigned to equicenta® CTM (eCTM) or standard of care (SOC).

Assigned group Horses prior treatment (%)
Pre-trial treatments <6 mo 6-12 12-24
Pharma

eCTM 56.2 56.7 50.0 50.0 66.7
NSAIDs

SOoC 55.6 47.6 75.0 0.0 100.0

eCTM 27.1 6.7 50.0 50.0 83.3
Steroids

SOC 222 19.0 50.0 0.0 0.0

eCTM 12.5 10.0 10.0 0.0 333
PSGAG

SOC 259 14.3 50.0 0.0 100.0
Biologic

eCTM 20.8 30.0 0.0 0.0 16.7
APS

SOC 333 38.1 25.0 0.0 0.0

eCTM 10.4 13.3 0.0 0.0 16.7
PRP

SOoC 259 23.8 25.0 0.0 50.0

eCTM 8.3 6.7 10.0 50.0 0.0
HA

SOC 7.4 4.8 25.0 0.0 0.0

eCTM 0.0 0.0 0.0 0.0 0.0
ACS

SOC 7.4 4.8 25.0 0.0 0.0

eCTM 12.5 13.3 20.0 0.0 0.0
Amnion allograft

Nelo 0.0 0.0 0.0 0.0 0.0

eCTM 2.1 33 0.0 0.0 0.0
Stem cells

SOC 0.0 0.0 0.0 0.0 0.0

eCTM 2.1 33 0.0 0.0 0.0
Platelet-poor plasma

SOC 7.4 4.8 25.0 0.0 0.0

eCTM 6.2 6.7 10.0 0.0 0.0
Other bio

SOC 7.4 4.8 0.0 0.0 50.0
Physical therapy

eCTM 6.2 6.7 10.0 0.0 0.0
Shockwave

SOoC 0.0 0.0 0.0 0.0 0.0

eCTM 4.2 3.3 10.0 0.0 0.0
Surgery

SOoC 0.0 0.0 0.0 0.0 0.0

eCTM 52.7 44.1 66.7 100.0 100.0
Any prior Tx

SOC 57.4 55.3 66.7 0.0 66.7

eCTM 47.3 55.9 333 0.0 0.0
No prior Tx

SOC 42.6 44.7 333 0.0 33.3

eCTM 100.0 74.7 16.5 2.2 6.6
Duration

Nelo 100.0 80.9 12.8 0.0 6.4

eCTM 91.0 68.0 15.0 2.0 6.0
Total horses (n)

SOC 47.0 38.0 6.0 0.0 3.0

Distributions did not differ between eCTM and SOC.

3.2.3 Performance discipline before enrollment 3.2.4 Demographic data at enrollment
The distribution of prior performance discipline (dressage, jumping, Breeds represented were Thoroughbreds (39), Warmblood sport

racing, western, and other) did not differ between groups, indicating ~ horses (33), Quarter Horses (33), Gaited Horses (6), Standardbreds
comparable types of performance expectations between groups (Table 4).  (4), Arabians (4), and Morgan (1).
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TABLE 2 Veterinarian diagnostic tests for each horse were recorded at enrollment and assigned to equicenta® CTM (eCTM) or standard of care (SOC).

Diagnostic tests eCTM (n = 91) SOC (n = 47)

Physical examination 62 68.1 37 78.7
Lameness examination 76 83.5 42 89.4
Local anesthesia 28 30.8 18 38.3
Radiographs 43 47.3 29 61.7
Ultrasound 63 69.2 23 48.9
CT/MRI/NM 7 7.7 3 6.4

Other 1 1.1 0 0.0

Mean tests per horse 3.0 32

Total tests recorded 280 152

CT, computed tomography; MRI, magnetic resonance imaging; NM, nuclear medicine.

TABLE 3 Distribution of horses and musculoskeletal conditions by diagnosis and anatomic location assigned and treated by equicenta® CTM (eCTM) or standard of care (SOC).

Horses eCTM (n = 91) SOC (n = 47)
Conditions
Arthritis/synovitis 44.0 34.4 32.0 47.8
Stifle 10.0 7.8 8.0 11.9
Fetlock 11.0 8.6 7.0 10.4
Coffin joint 6.0 4.7 7.0 10.4
Tarsus 3.0 2.3 2.0 3.0
Carpus 6.0 4.7 2.0 3.0
Hip 0.0 0.0 1.0 15
Unspecified joint 8.0 6.2 5.0 7.5
0CD 9.0 7.0 8.0 11.9
Stifle 7.0 5.5 7.0 104
Tarsus 2.0 1.6 0.0 0.0
Fetlock 0.0 0.0 1.0 1.5
Articular cysts 6.0 4.7 3.0 4.5
Stifle 4.0 31 2.0 3.0
Fetlock 1.0 0.8 0.0 0.0
Tarsus 0.0 0.0 1.0 1.5
Carpus 1.0 0.8 0.0 0.0
Tendonitis 22.0 17.2 6.0 9.0
SDF tendonitis 14.0 10.9 5.0 7.5
DDF tendonitis 8.0 6.2 1.0 1.5
Desmitis 47.0 36.7 18.0 26.9
Suspensory branch desmitis 220 17.2 6.0 9.0
Proximal suspensory desmitis 17.0 13.3 8.0 11.9
Collateral ligament desmitis 3.0 23 1.0 1.5
Desmitis 2.0 1.6 1.0 15
Annular ligament desmitis 1.0 0.8 1.0 15
Check ligament desmitis 2.0 1.6 0.0 0.0
Manica flexoria desmitis 0.0 0.0 1.0 1.5
Total conditions (195) 128.0 100.0 67.0 100.0

The distribution of diagnoses did not differ between eCTM and SOC.
OCD, osteochondrosis dissecans; SDEF, superficial digital flexor tendon; DDE, deep digital flexor tendon.
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TABLE 4 Distribution of performance discipline by number of horses, musculoskeletal condition, and mean performance scores at 26 weeks for equicenta® CTM (eCTM) and standard of care (SOC).

Assigned group Condition Mean
performance

Performance Ligament Tendon Joint Week 26
discipline

soc 10.0 5.0 1.0 8.0 21.3 22
Dressage

eCTM 9.0 5.0 3.0 3.0 9.9 3.8
Eventing/hunter/ soc 13.0 6.0 0.0 14.0 27.7 2.5
jumper eCTM 16.0 5.0 5.0 10.0 17.6 34

soc 14.0 1.0 3.0 17.0 29.8 33
Racing

eCTM 36.0 23.0 4.0 26.0 39.6 36

soc 10.0 3.0 2.0 7.0 213 23
Western

eCTM 20.0 12.0 5.0 11.0 220 3.0

soc 0.0 0.0 0.0 0.0 0.0 —
Other*

eCTM 10.0 3.0 5.0 8.0 11.0 33

soc 47.0 15.0 6.0 46.0 100.0 27
Grand total

eCTM 91.0 48.0 220 58.0 100.0 3.4%% (p = 0.004)

*Competitive gaited, driving, and show horses other than hunter or jumper.

**Greater performance scores (p = 0.004) for equicenta® CTM (eCTM) compared to standard of care (SOC) at 26 weeks, with no significant difference by discipline.

Age (mean 8.7 years), sex (89 males (including 28 stallions) and
49 females), baseline body weight (mean 490 kg), baseline body condi-
tion score (mean 5), affected limb (forelimb [49%] or hind limb [51%])
did not differ significantly between group assignment. Body weight
and body scores are reported in Supplementary Tables S1 and S2.

3.2.5 Practice-level recruitment and enrollment

Practices were selected near equestrian hubs with a density of per-
formance horses to facilitate recruitment and diversity in the enrolled
population and reflect variable breed, discipline, and potential mus-
culoskeletal case diversity within a commutable distance for the proj-
ect monitor. Enrollment volume of horses and conditions by practice
locale and assignment to treatment group are summarized in
Supplementary Table S3. As expected, practices differed in overall
volume and case mix (range 12-53 conditions), such as Ohio, includ-
ing racing Standardbreds, Kentucky, including racing and rehomed
TBs, and Florida, including a mix of WB show horses, racing TBs, and
western horses. As anticipated, some surgical practices that perform
arthroscopy had a higher caseload in joints, and some sports medicine
practices near rehabilitation training centers had a higher caseload in
ligaments and tendons. Seasonal metrics contributed to the volume of
recruitable cases, with Florida having a narrow window; however, all
lesion categories were represented across the study and in every prac-
tice. Randomization occurred within practice, irrespective of condi-
tion, to manage musculoskeletal assignment writ large, rather than as
a group of smaller independent studies that logistically would have
been beyond the capabilities of this practice-based study.

3.3 Interventions received: horses,
conditions, and injections

Horses were quasi-randomized to eCTM, 91 horses and 128 condi-
tions, or SOC biologics, 47 horses and 67 conditions, yielding an achieved
horse-level and condition-level allocation ratio of 1.9:1, close to the pre-
specified target (Table 5). The proportion of horses and distribution of
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more than one treated condition were identical in both groups, with no
significant difference (p = 1.0), indicating comparable relative numbers
of horses with more than one condition contributing to the outcomes
(Supplementary Table S4). Specific treatments for SOC horses and co-
interventions for SOC and eCTM horses are listed in Table 6.

Across the study, 224 injections were administered, consisting of
195 primary injections, one per enrolled condition, plus planned
repeat SOC injections (7 injections) and rescue injections (22 injec-
tions) (Table 5). A significantly greater number of re-injections
occurred in SOC (p < 0.03), in part due to the repeat prescribed injec-
tions (7 injections) for some products. The number of rescue injec-
tions did not significantly differ between SOC and eCTM horses
(p > 0.09). Clinical outcome analyses of lameness, pain, and swelling
were based on the 195 enrolled conditions, whereas safety analyses
were based on all 224 injections.

3.4 Outcome measures
3.4.1 Primary outcomes
3.4.1.1 Clinical outcomes

As defined by the study design, primary clinical outcomes are lame-
ness, pain, and swelling of musculoskeletal conditions, quasi-random-
ized contemporaneously within practice to follow the usual standard of
care of current biologics applications. In linear mixed-effects models of
cumulative improvement from baseline, clinical conditions showed sig-
nificant improvement in lameness, pain, and swelling scores over time
(p <0.001). Conditions treated with eCTM had significantly greater
cumulative improvement than SOC, with between-group differences
emerging by week 4 for lameness (p < 0.01) and by week 2 for pain and
swelling (p < 0.02) and persisting through week 12 for all clinical out-
comes (p < 0.001; Figure 2). Frequency analyses demonstrated that by
week 12, the odds for eCTM to achieve a lameness score of 0 (sound) at
>1.6:1 (p < 0.06) and a pain score of 0 (no pain) at 3:1 (p < 0.001) were
greater than SOC.

frontiersin.org


https://doi.org/10.3389/fvets.2026.1833933
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Bertone et al. 10.3389/fvets.2026.1833933

TABLE 5 Distribution of the number of horses, musculoskeletal conditions, and injections for equicenta® CTM (eCTM) and standard of care (SOC) for the clinical study.

equicenta® CTM SOC control Overall

Horses (n) 91 47 138
Conditions

Joints 58 46 104

Ligaments 48 15 63

Tendons 22 6 28
Total conditions 128 67 195
Additional conditions, # (%) 37 (28.9%) 20 (29.9%) 57 (29.2%)
Additional injections

SOC to SOC (7 prescribed+ 2 rescue) 0 9 9

SOC to eCTM (rescue-cross over) 0 11 11

eCTM to eCTM (rescue) 9 0 9
Total injections

Joints 72 52 124

Ligaments 54 17 71

Tendons 22 7 29
Total 148 76 224
Additional injections, 1 (%) 20 (13.5%) 9 (11.8%) 29 (12.9%)

SOC horses had significantly more additional injections than eCTM horses (p < 0.03).
There was no difference between SOC and eCTM in the number of injections for rescue horses (p > 0.09).

TABLE 6 Distribution of assigned treatment administered by horse for equicenta® CTM or standard of care (SOC) to horses in the clinical trial.

Trial treatment

Synthetic non-biologic 0.0 0.0 5.0 10.6
Hyaluronic acid 0.0 0.0 3.0 6.4
Polyacrylamide hydrogel 0.0 0.0 2.0 43

Biologic 91.0 100.0 42.0 89.4
Amnion allograft 0.0 0.0 4.0 8.5
Autologous conditioned serum (ACS) 0.0 0.0 4.0 8.5
Autologous protein solution (APS) 0.0 0.0 15.0 319
Bone marrow aspirate 0.0 0.0 1.0 2.1
equicenta® CTM 91.0 100.0 0.0 0.0
Exosomes 0.0 0.0 2.0 4.3
Platelet-rich plasma (PRP) 0.0 0.0 11.0 23.4
Platelet-poor plasma (PPP) 0.0 0.0 3.0 6.4
Stem cells - adipose 0.0 0.0 1.0 2.1
Stem cells (bone marrow) 0.0 0.0 4.0 8.5

Physical therapy (ancillary) 43.0 47.3 19.0 40.4
Shockwave 18.0 19.8 11.0 234
Rehabilitation 25.0 275 8.0 17.0

Total horses 91.0 100.0 47.0 100.0

Total 134.0 147.3 69.0 146.8

Physical therapy did not differ between SOC control and equicenta® CTM.
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FIGURE 2
Cumulative clinical improvement trajectories from baseline score (mean + SEM) for the clinical outcomes of lameness, pain, and swelling recorded by
study veterinarians for 195 conditions over 12 weeks for equicenta® CTM or standard of care (SOC) control. Follow-up was 98-100% for all weeks as
reported in the tables below the figure. Cumulative improvement was statistically greater for equicenta® CTM compared to standard of care (SOC) by 2
weeks for pain (p < 0.05) and swelling (p < 0.03), 4 weeks for lameness (p < 0.02) and out to 12 weeks (p < 0.003) for all clinical outcomes.

3.4.1.2 Safety outcomes and adverse reactions

Percutaneous inflammation at the injection sites was scored 0 (no
inflammation) by veterinarians at all-time points for all conditions in
both eCTM and SOC.

Primary safety outcomes included adverse reactions and increased
lameness occurring within a time frame potentially associated with
the product (1-2 days). Central review identified more cases meeting
the criteria for serious and possibly related to the product more often
than veterinarians. Regardless, in both veterinary and central review,
4.8:1 (p < 0.04) and 5.9:1 (p < 0 = 0.002), respectively, a significantly
greater number of injection reactions were reported in SOC than
eCTM. On an injection basis and persistence of the reaction, this cor-
responded to a greater burden of adverse-event reports for SOC than
eCTM. In the SOC arm, PAAG was overrepresented in adverse events
and occurred in joints. When PAAG was removed from the data set,
SOC still had greater odds of a reported adverse reaction than eCTM
(3.4:1; p < 0.03). Details of adverse reaction, including practice, prod-
uct, breed, discipline, diagnosis, clinical signs, final lameness score,
and performance outcome, are reported in Supplementary Table S5. No
obvious trends for common demographics or effects on long-term
outcomes were noted. No adverse event was considered to represent
infection by the site veterinarian or central review. Overall reported
reactions were 3.4% of eCTM injections (5 of 148) and 10.5%% of
SOC injections (8 of 76) without PAAG reactions included.

3.4.2 Secondary outcomes
3.4.2.1 Performance outcomes

Performance analyses on all horses assigned to groups at the start
of the study, without correction for loss of horses during the study or
crossover cases, reflect the intent-to-treat design for real-world effec-
tiveness. The magnitude and direction of treatment effects on 26-week
performance were consistent with the intention-to-treat analyses, with
eCTM maintaining a significant advantage over SOC (Cohen’s d 2.23;
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P <0.001; Figure 3). On average, SOC horses had returned to work or
rehabilitation but not to prior performance levels, whereas eCTM
horses, on average, had returned to work under tack and rider or sulky
at or near their prior level (Table 4).

A greater proportion of eCTM horses achieved a performance
score of 4, defined as return to or exceeding previous performance
(79%), than SOC (21%) horses. The odds of returning to or exceeding
prior performance were higher with eCTM than SOC (2.72:1:
P <0.006). In the per-protocol analysis that contained rescue horses,
the magnitude and direction were consistent with the intent-to-treat
analysis, with eCTM horses having significantly greater improvement
in performance than SOC horses (p < 0.001; Figure 3). SOC horses
that remained on SOC after rescue showed a decline in performance
scores over time. In contrast, SOC horses that crossed over to eCTM
and eCTM horses that received repeat eCTM had 26-week perfor-
mance scores that were not significantly different from those of horses
treated with a single primary eCTM injection, whether rescue horses
were included or excluded from the analysis. Thus, horses rescued
with eCTM appeared to respond similarly to horses that received
eCTM as their initial treatment.

In post hoc subgroup analyses, the cumulative improvement in
performance is most pronounced and sustained in eCTM ligaments,
whereas SOC ligaments failed to thrive in performance by 26 weeks
(See section 3.4.2.6).

3.4.2.2 Client-reported outcomes

Client participation was high, with full completion of assessments
at all scheduled time points except for the three deceased horses at
26 weeks. Owner-reported scores and the composite Health and
Quality of Life Index improved significantly over time in the overall
cohort, with decreasing variability across time (Figure 4). At 26 weeks,
scores for body condition, hair coat, overall health, and the total
Quality of Life Index were higher in eCTM horses than in SOC horses,
indicating greater perceived health and quality of life after eCTM
treatment. Client-reported comfort in the stall, comfort at turnout,
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FIGURE 3

Cumulative performance trajectories (mean + SEM) for horses from baseline score recorded over 26 weeks by veterinarians and/or clients for
equicenta® CTM or standard of care (SOC) control. Follow-up was >95% for 12 weeks as reported in the tables below the figure. Cumulative
performance improvement was statistically greater for equicenta® CTM compared to standard of care (SOC) by 26 weeks (p < 0.001) for both intent-
to-treat (left) and per protocol analyses (right). After 12 weeks, 19 horses (13%) with performance follow-up did not improve from week 0 and opted to
receive rescue injections as per protocol, resulting in three rescue groups followed for an additional 4, 12, and 26 weeks. SOC horses that received a
rescue injection of a different SOC steadily declined in cumulative performance over the next 26 weeks and differed from other rescue horses

(p < 0.001). The SOC and equicenta® CTM horses that received rescue equicenta® CTM demonstrated cumulative performance improvement over the
next 4, 12, and 26 weeks, such that equicenta® CTM rescued horses did not differ (a to a; p = 0.87) compared to the not-rescued equicenta® CTM
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FIGURE 4

Client assessment scores (0—-10) at baseline, 2, 4, 12, and 26 weeks of the clinical study for seven categories of health and comfort. Box-and-whisker
plots showed that scores significantly increased in all categories and became less variable across time, reflecting improvement in health and comfort
over the 26 weeks (p < 0.001). For the categories of body condition (p < 0.004), hair coat (p < 0.029), overall health (p < 0.001), and an index (sum of all
seven categories) (p < 0.03), scores were significantly greater for equicenta® CTM (eCTM) than SOC control at 26 weeks reflecting an elevated client
perception of their horses health and quality of life after eCTM compared to SOC control. Comfort in the stall, comfort at turnout, appetite, and attitude

did not differ between eCTM and SOC control.

appetite, and attitude improved over time but did not differ signifi-
cantly between groups.

3.4.2.3 Additional injections and rescue treatment

Total injections included prescribed additional injections of spe-
cific SOC and rescue injections in addition to the primary injections
(Table 5).

Across all practices, 19 horses met the prespecified rescue crite-
rion of no improvement in lameness at 12 weeks and received rescue
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injections between weeks 12 and 26 (Table 5). Rescue injections were
administered only after completion of the 12-week assessments and
therefore did not affect 12-week lameness, pain, or swelling analyses.
In the SOC arm, two horses received a different SOC treatment at the
same site, and 10 horses crossed over to eCTM (11 injections); in the
eCTM arm, seven horses received 9 repeat eCTM injections. There
was no significant difference between groups in the proportion of
additional injections (p > 0.09), but there was a significant difference
in the proportion of total additional injections in SOC horses com-
pared to eCTM horses due to the addition of prescribed repeat
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injections (p < 0.03). Detailed characteristics of horses receiving
rescue injections are provided in Supplementary Table S6.

3.4.2.4 Ultrasound tissue remodeling score

A subset of horses and conditions had ultrasound images of suf-
ficient quality at baseline and follow-up to undergo quantitative TRS

Cohen's d = 0.98, p = 0.013
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FIGURE 5
Box-and-whisker plots of final Tissue Remodeling Score (TRS) for
ligament in standard-of-care (SOC) control (n = 11, blue) and
equicenta® CTM (eCTM) (n = 22, orange) groups. Horizontal dashed
lines indicate TRS classification thresholds: > 55 = Responding, 45—
55 = Equivocal, < 45 = Not Responding. Diamonds represent group
means; individual data points are shown with jitter. No SOC control
ligament (0/11, 0%) reached the Responding threshold (> 55) at final
assessment, compared with 8 of 22 (36%) eCTM ligaments (Cohen'’s
d=0.98, p=0.013).

10.3389/fvets.2026.1833933

analysis. Ligament conditions treated with eCTM showed significant
improvement in TRS from baseline, whereas ligament conditions in
SOC horses declined, suggesting the hypothesis that there is a
between-group effect size (Figure 5). A responding computational
ultrasound Tissue Remodeling Score occurred in 36% of eCTM versus
0% of SOC ligaments by 12 weeks (p < 0.013). Proximal suspensory
ligament lesions showed the largest treatment effect (d = 1.25), fol-
lowed by lateral suspensory branch lesions (d = 0.82). The tendon sub-
cohort (n = 13) was underpowered for group comparison (d = 0.14).
Detailed ligament TRS trajectories are presented as graphics, including
3-D images of proximal suspensory lesions over time for a typical
eCTM responder ligament and a SOC deteriorating ligament for tissue
response analysis (Supplementary Figure S1).

TRS is a novel quantitative ultrasound metric and was used here as
an exploratory structural endpoint. Inter-pass segmentation consistency
was high, with a cohort mean Dice coeflicient across 25 paired regions of
interest from eight cases of 0.931 (range 0.843-0.947). Tendon TRS cor-
related significantly with change in limb-level lameness at 2 and 4 weeks
(r—0.74; p <0.02), supporting the sensitivity of within-horse TRS
changes to clinical status. The TRS trajectory was convergent with the
hypothesis of an eCTM treatment effect, strongest for ligaments (d = 0.96;
P <0.073), and was associated with 26-week performance outcomes
(Supplementary Figure S2).

Improvement in two-week TRS correlated strongly with final TRS
(r=0.88).

3.4.2.5 Kinematic gait analysis

Kinematic data were available for a subset of horses after quality
filtering. The most consistent and least variable data were obtained for
forelimb lameness, where eCTM demonstrated greater cumulative
improvement in asymmetry indices than SOC, particularly for impact
at 4 weeks and push-off at 2 and 12 weeks. Combining hindlimb and
forelimb data was more variable but still favored eCTM at 12 weeks
for impact (p < 0.026) (Figure 6). Hindlimb and combined-limb data
were highly variable and underpowered for further between-group
analysis.

Forelimb Impact

Forelimb Pushoff

Combined Impact

> 0.5
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22 00} 1t S e =l e ——————— —=
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FIGURE 6

Cumulative improvement in forelimb lameness for eCTM compared to SOC for impact and push-off from individual video asymmetry analyses (Sleip.
com). Horses receiving eCTM showed steady improvement (lower values) in lameness over 12 weeks that were statistically significant for impact at

4 weeks (p < 0.05) and push-off at 2 (p < 0.003) and 12 (p < 0.01) weeks compared to SOC. HIndlimb combined with forelimb cumulative improvement
in lameness was more variable than forelimb but eCTM was still favored over SOC at 12 weeks (p < 0/026).
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FIGURE 7

Subgroup analysis for conditions: cumulative clinical improvement trajectories from baseline score (mean + SEM) for the outcomes of clinical
lameness, pain, swelling, and veterinary performance outcomes (VPO) over 12 weeks for equicenta® CTM or standard of care (SOC) control for joints
(top row) and ligaments (bottom row). For joints, eCTM had significantly greater improvement in lameness, pain, and swelling at multiple time points
and at 12 weeks (p range <0.03 to <0.001). SOC had better improvement in performance at 12 weeks (p < 0.008), which subsequently deteriorated, as
did the original improvement in joint pain. By 12 weeks, eCTM had greater improvement in performance for joints than SOC (p < 0.004), showing the
durability of the umbilical tissue allograft treatment. The soluble proteins in SOC blood products are expected to be shorter-lived but also showed
lesser improvement in lameness and pain than eCTM. For ligaments (bottom row), numerically the cumulative improvement scores were greater for
eCTM than SOC at most time points and significantly for pain at 4 weeks. In both groups, the lameness trajectory for ligaments was flat after 2 weeks,
indicating a slow clinical lameness response with ligament conditions. Ultrasound tissue remodeling score TRS showed significant divergence favoring
eCTM by 12 weeks (p < 0.04), translating to greater performance at 26 weeks than SOC (p < 0.001). In concert, eCTM improved some clinical
parameters earlier in healing, had better ultrasonographic remodeling, and ultimately greater performance within 26 weeks than SOC, showing a lag in
effect compared to joints and tendons and requiring 26 weeks to translate to return of performance capabilities. Tendon was underpowered for
subgroup analyses; however, directional changes favored eCTM but did not differ (p < 0.08). Data not shown.

3.4.2.6 Subgroup outcomes

Condition-specific trajectories for joints and ligaments based on
cumulative change from baseline, with each horse serving as its own
control, are shown in Figure 7.

The largest directional group differences are seen for joints; eCTM
reflected greater cumulative improvement in lameness, pain, and
swelling than SOC by 12 weeks and a more durable effect on perfor-
mance at 26 weeks (range of p <0.03 to <0.001; Figure 7). Joint-
specific subgroup analyses revealed that SOC-treated joints showed
better improvement in performance at 12 weeks than eCTM joints
without corresponding sustained improvement in joint pain, followed
by a decline in performance between 12 and 26 weeks. In contrast,
eCTM joints exhibited significant improvement in performance by
26 weeks, preceded by improved joint pain at 12 weeks. Joints have a
sufficient number of conditions per group for analyses.

The ligament-specific subgroup analysis must be interpreted with
caution due to the smaller subgroup size and corresponding increase
in variability; however, similar directional patterns in favor of eCTM
persist, and eCTM remained numerically greater at most time points
to SOC in lameness and pain, with a statistically significant improve-
ment in pain at 4 weeks. The ligament TRS trajectory revealed that
TRS in the ligament was significantly greater (responding) in the
eCTM group, suggesting the hypothesis that eCTM had more liga-
ment tissue remodeling than the SOC at 12 weeks. The tendon-spe-
cific subgroup analysis was underpowered due to a lack of robust
numbers.

Frontiers in Veterinary Science

3.4.2.7 Product-class subgroup analyses

Because standard-of-care biologics in this trial contained several
products in the same class and comprised a majority of the SOC
(64.2%), a post hoc sub-product-class analysis was performed.
Cumulative lameness, pain, and swelling trajectories for eCTM versus
pooled data from autologous hemoderivative products, including
APS, PRP, ACS, or PPP, are shown in Figure 8. Across multiple time
points, eCTM demonstrated greater improvement (p <0.04 to
P <0.001) than pooled hemoderivatives, suggesting the hypothesis
that eCTM may be associated with improved lameness, pain, and
swelling compared to the hemoderivatives as a subclass.

In an exploratory subgroup analysis, APS was selected to compare
to eCTM because APS was the hemoderivative with the largest use
(n =22; 51% of hemoderivatives) in this product class and had prior
supportive evidence in equine joint osteoarthritis (35). eCTM
remained associated with multiple time points of greater improve-
ment, primarily in lameness and pain, although this analysis was not
prespecified and was limited by the smaller sample size, which limited
the conclusions (Supplementary Figure S3).

4 Discussion

This pragmatic, multicenter, controlled clinical trial in real-world
performance horses with musculoskeletal lameness is the first to show
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that treatment with locally administered umbilical proteins and
micronized tissue particles (equicenta® CTM) was associated with
greater and more durable improvement in clinical and performance
outcomes than clinician-selected SOC biologic therapies. Across the
musculoskeletal conditions of the joints and soft tissues, including
tendons and ligaments, eCTM-treated conditions showed earlier
divergence and larger cumulative improvements in lameness, pain,
and swelling scores than SOC, with differences emerging by 2-4 weeks
and persisting for at least 12 weeks. At 26 weeks, horses assigned to
eCTM had higher veterinarian and client performance scores and
greater odds of returning to or exceeding prior performance levels
than SOC horses, in both intention-to-treat and per-protocol analyses.
These clinical findings were supported by quantitative kinematic and
exploratory ultrasound data. Collectively, these positive results,
together with a satisfactory safety profile, support the use of equi-
centa® CTM as an alternative therapy for selected musculoskeletal
conditions in performance horses.

4.1 Clinical effectiveness and durability of
response

Conditions treated with eCTM were associated with greater
cumulative clinical improvement. This association, based on timing,
reflects an earlier clinical recovery and extended duration of benefit,
consistent with known properties of the allograft (21). Potential ben-
efits from hemoderivatives would be anticipated to be relatively short-
lived because soluble proteins are rapidly absorbed or degraded (40),
and one controlled clinical study showed APS benefit for osteoarthritis
out to 2 weeks, with longer-term outcomes unknown (35). Umbilical
allograft (eCTM), however, delivers fetal anabolic and other reparative
proteins (21, 22), in part as a biodegradable connective tissue, releas-
ing proteins over time, and may contribute to a plausible mechanism
for the sustained benefit observed. The uniformity of the positive
response across musculoskeletal tissues (joints, tendons, and liga-
ments) was anticipated. Many biological processes are shared among
musculoskeletal connective tissues and are the established rationale
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for using biologics in these same tissues (41-45). Early use of biolog-
ics, before macroscopic structural pathology, remains an aspirational
goal, targeting early interstitial changes such as glycosaminoglycan
loss in cartilage (46). While biologics may not architecturally repair
established physical defects such as cartilage, biologics may support
interstitial tissue health and repair, promoting endogenous cellular
ingrowth and hydroscopic properties (46, 47), analogous in scope—
though not in mechanism—to the broad, cross-tissue effects observed
with corticosteroids (48, 49). Overall, the therapeutic objective is to
enhance connective tissue resilience and repair by delivering treat-
ment when and where it will have maximal impact.

Performance trajectories reinforced the clinical findings. Similar
rehabilitation recommendations (Figure 7; Table 6), especially for
slower-healing tendon and ligament lesions, likely contributed to the
initial lag in performance divergence in both groups. Between 12 and
26 weeks, SOC performance gains plateaued or declined, particularly
in soft-tissue conditions, and, although exploratory, aligned with the
poorer ultrasound tissue quality scores, whereas eCTM horses contin-
ued to improve in performance. These data suggest that eCTM may
help sustain functional recovery.

Clinical and performance recovery are recognized as distinct
domains (50); return to sport or work depends on structural healing
and resolution of pain so that progressive conditioning and discipline-
specific retraining can begin. The 26-week endpoint integrated recov-
ery in a short enough timeframe to reflect the impact of treatment,
permitting earlier sport training in eCTM horses (Table 4). A prior
study of stifle arthroscopy cases with chondromalacia treated with
bone marrow-derived mesenchymal stem cells, equine amniotic
allograft, or no product did not demonstrate an association between
treatment and return to athletic work (51), despite observations that
particulate drugs and microparticles accumulate on inflamed
synovium near injection sites (52), underscoring that not all biologics
translate into performance gains. In the present trial, ligament-asso-
ciated lameness improved minimally with a relatively flat lameness
trajectory to 12 weeks in both eCTM and SOC groups. Although
exploratory, ultrasound convergence with performance improvement
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hypothesized that structural healing may differ or even outpace overt
lameness resolution (Supplementary Figure S1).

Joint-specific analyses suggest a potential interaction of pain and
performance. SOC-treated joints had transient performance improve-
ment not matched by sustained improvement in joint pain scores.
Subsequently, performance declined toward baseline by 26 weeks.
ECTM-treated joints demonstrated sustained improvement in joint
pain together with continued performance gains through 26 weeks.
As hypothesis-generating sub-cohort analyses, eCTM may provide
more durable modulation of intra-articular synovial pain responses
than some existing biologic approaches. Definitive mechanistic studies
would be needed to test this hypothesis.

Multiple-injection protocols for ACS and PRP are widely used in
performance horses (53, 54) and occurred in this study, such that SOC
had a significantly greater number of re-injections than eCTM due to
this practice compared to the single injection of eCTM. In humans, a
recent PRP review found no meaningful effect of a single knee injec-
tion, and a controlled study suggested that multiple injections may be
required for efficacy (up to five in some protocols) (39, 55). In horses,
however, three intra-articular ACS injections at two-week intervals
did not demonstrate clinical benefit in a controlled study, and a joint
infection occurred after a third injection (56). Post-injection infection
remains the most frequent serious adverse event reported for PRP and
other hemoderivatives in both equine and human literature (55, 56).
Because any protocol involving repeated joint injections may increase
infection risk (57), the justification for multiple injections should rest
on efficacy data or be balanced against options requiring fewer
administrations.

4.2 Structural remodeling, mechanistic
insights, and quantitative validation

Quantitative ultrasound-based TRS data provided a hypothe-
sis that complementary structural evidence of tissue remodeling,
particularly in ligament lesions, may coincide with later improve-
ments in performance. Additional studies to test this hypothesis
are warranted. The predictive value of early visit ultrasound (2 and
4 weeks) to final ultrasound was high, and, although exploratory,
may guide practitioners toward customization of rehabilitation.
The data from this study showed that current rehabilitation recom-
mendations were prescriptive for the first 12 weeks, with neither
group discriminating the timing of progressive sports medicine
practices, such as veterinary ancillary procedures or sports train-
ing methods.

TRS remains a novel, not yet fully validated biomarker that, in this
study, was used as an exploratory endpoint. Nonetheless, several lines
of validation were completed, including repeatability of measurement
and significant correlation with clinical lameness. Segmentation
reproducibility was high, with a cohort mean Dice coefficient of 0.931
across paired regions of interest, indicating robust agreement between
independent passes and above published values for strong intra-rater
values (37). Within-horse analyses showed that tendon TRS correlated
significantly with limb-level lameness at 12 weeks, a recognized clini-
cal standard, hypothesizing that TRS captured clinically meaningful
changes in tissue state. Similarly, the TRS was positively associated
with 26-week performance outcome, hypothesizing that early struc-
tural remodeling may have a measurable relationship with longer-
term functional recovery. These findings do not constitute full
validation but provide exploratory hypothesis generation to justify
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further work to formally validate TRS against clinical and imaging
standards in larger cohorts.

Kinematic gait analysis further supported the clinical findings,
particularly in forelimb lameness. Forelimb asymmetry indices for
impact and push-off improved more in eCTM horses than in SOC
horses at several time points, indicating objective improvements in
gait symmetry. Hindlimb and therefore combined-limb data were
highly variable, potentially for several reasons, including the smaller
differences in asymmetry indices recorded for hindlimb in the gait
algorithm, possibly related to the lack of head nod combined with
the variable situational recording surfaces and conditions among
practices. Nonetheless, the Kinematic data suggested, in combination
with lameness scores, that eCTM treatment was associated with
meaningful functional gains. Additional studies are planned to ana-
lyze these gait video data to validate the kinematic platform against
standardized lameness and pain scores assigned by experienced clini-
cians, as has been done for the force plate and other kinematic sys-
tems (32-34).

4.3 Real-world pragmatic design and
subgroup findings

A key feature of this trial is its pragmatic design, which intention-
ally reflected real-world equine sports medicine practice. Horses were
enrolled from eight high-volume performance practices, with a spec-
trum of joint and soft-tissue conditions, often including multiple
lesions within the same limb or bilateral involvement. The SOC arm
encompassed the range of biologic treatments currently used by expe-
rienced equine clinicians, including hemoderivative products and
other injectables, applied according to clinician judgment and manu-
facturer recommendations. This design enhances external validity and
ensures that the comparator represents actual current practice rather
than a narrowly defined protocol.

Practice-level enrollment volume and lesion distributions showed
the expected variability in case mix between referral practices, but all
practices contributed relevant lesion categories, and quasi-random-
ization within practice mitigated potential confounding by site.
Multiple eligible conditions per horse occurred with identical fre-
quency in both groups, and mixed-effects models that accounted for
within-horse clustering yielded treatment effects consistent with the
primary analysis.

Inevitably, pragmatic designs introduce heterogeneity in lesion
types, practice patterns, and ancillary therapies. Subgroup analyses
and sensitivity tests were therefore undertaken to explore whether the
main treatment effect was consistent across key strata while acknowl-
edging that these analyses were not prespecified and some are under-
powered. Exploratory comparisons were in alignment with the
primary outcome results, with directional consistency favoring eCTM
over SOC broadly across joints and hemoderivative product-class
analyses, both of which included practices with varying case mixes
and volumes. Product-class analyses suggested that the effectiveness
of eCTM over SOC seen in primary outcomes was preserved when
SOC was restricted to autologous hemoderivative products.
Exploratory analyses specifically hypothesized that autologous APS
preserved the findings of the primary outcomes, favoring eCTM with
a clinical advantage over APS for most outcomes, despite the small
sample size and post hoc nature of this comparison. Despite techno-
logical advances in the generation of hemoderivatives, these findings
do not dispel the concern that donor variability and differences among
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autologous systems may contribute to elusive repeatable clinical
responses in practice (11-15).

In addition to autologous products, several non-umbilical equine
tissue allografts have been investigated, particularly liquid amnion-
based preparations and allogeneic allogeneic dental pulp-derived tis-
sues (34, 38, 58) Liquid amnion allografts have shown acceptable
safety in ligament injury in uncontrolled clinical case studies, but
controlled trials are still lacking (38). By contrast, equine dental pulp
connective tissue particles have been evaluated in a prospective ran-
domized, blinded, placebo-controlled study of naturally occurring
osteoarthritis, desmitis, and tendonitis, and produced significant
short-term improvements in lameness and comfort compared with
controls (34), highlighting the potential of standardized allogeneic
grafts to provide effective off-the-shelf musculoskeletal therapies.

The smaller subgroup analyses must be interpreted cautiously, but
are associated with similar trajectories as the primary outcomes. The
consistency of the treatment effect in sensitivity analyses, including
models that accounted for within-horse clustering, supports the associa-
tion of eCTM treatment improvements in the primary clinical outcomes.

4.4 Safety and owner-reported outcomes

Safety is a central consideration when introducing a new ortho-
biologic therapy. In this study, eCTM was well tolerated. Product-
related adverse events were infrequent, self-limited, and occurred
early after injection. SOC-treatments were associated with a higher
frequency of product-related adverse events overall and in joint condi-
tions specifically, including a small number of serious events. The
overall reports were low in both arms of the study and provide a favor-
able safety profile for eCTM in these musculoskeletal tissues.

Adverse reactions from intra-articular autologous hemoderiva-
tives are generally considered uncommon (<5%), yet surveys indicate
that 56, 59, 42, and 20% of equine specialists have observed negative
effects after MSCs, PRP, ACS, and APS, respectively, most often local
inflammation or infection (59-61). Evidence-based, controlled joint-
safety data in horses remain limited, and in a human-controlled
arthritis trial, PRP caused significantly more adverse events—pre-
dominantly joint flares—than plasma or saline (62), with PRP-
associated flares widely reported in human literature (56, 62). Equine
reports of joint flares with ACS, APS, cell therapies, and polyacryl-
amide rely largely on retrospective surveys, in which 10-18.2% of
veterinarians reported >5% reaction rates; although 4.0% polyacryl-
amide appeared safe in normal equine joints (63), practice-based sur-
veys identified acute joint pain in TB racehorses as a contraindication
and noted that 18.1% of veterinarians observed >5% joint reaction
rates (61). In the present trial, two serious joint adverse reactions
occurred after polyacrylamide, and one persisted at subsequent fol-
low-up evaluations.

Classification of adverse events is partly subjective, and site inves-
tigators may sometimes attribute complications to management rather
than to the injected product. For this study, a central review that
objectively followed the definitions in the protocol judged several
cases as plausibly product-related in both groups. Reclassification as
possibly product-related events in sensitivity analyses did not change
the statistical significance of the safety profile that favored eCTM. The
data suggested that eCTM had a favorable safety profile.

Owner-reported outcomes provide an additional perspective on
treatment impact. Client assessments indicated significant improve-
ments in health and quality-of-life indices over time in both groups,
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consistent with the clinical trajectories. However, at 26 weeks, owners
of eCTM-treated horses reported higher scores for body condition,
coat quality, overall health, and composite quality of life than owners
of SOC horses, suggesting the product will be well received by owners
and possibly reflect subclinical soft measures of health. Scores for
demeanor, appetite, comfort at turnout, and in the stall improved in
both groups, which may reflect the combined effect of time, treatment,
rehabilitation, and management changes.

4.5 Limitations

This pragmatic clinical study was open-label and unblinded
within practices. Blinding of veterinarians and owners was not feasible
because SOC biologic treatments required visible blood collection and
preparation, and it would not have been acceptable in routine perfor-
mance-horse practice to have injections administered by a separate
masked operator using undisclosed products. Lack of blinding can
introduce expectation and observer bias. Several safeguards were
implemented to protect internal validity, including quasi-randomized
allocation within practices, prespecified eligibility criteria and out-
come definitions, consensus training and standardized scoring for
project veterinarians, use of objective TRS and kinematic measures in
subsets, sequential case allocation, and equivalent client management
and non-contingent compensation for veterinarians and clients. The
consistency of the treatment effect across intention-to-treat and per-
protocol analyses, and in sensitivity analyses accounting for multiple
conditions per horse and group-level and practice-level deviations,
supports the robustness of the primary findings despite the open-
label design.

The pragmatic practice-based design introduced heterogeneity
in lesion types and product choices within the SOC arm, which
may have contributed to variability in outcomes. While this mir-
rors real-world practice and enhances external validity, the vari-
ability must be compensated for by inclusion of sufficient case
numbers and can complicate attribution of effects to specific
pathologies (conditions) or subgroups of comparator products. The
trial was powered for the overall comparison between eCTM and
SOC in the pooled musculoskeletal population; subgroup analyses
by lesion type, specific control products, or practice would be
mostly hypothesis-generating.

Some horses contributed more than one treated condition, and
some practices varied in the intended allocation balance; however, the
intended balance was maintained centrally without intervention.
Mixed-effects models with random effects for horse and condition
were used to account for within-horse clustering and sensitivity analy-
ses. Excluding practice(s) with low SOC assignment had no measur-
able impact on the magnitude of the treatment effect in the primary
analysis. Nonetheless, residual imbalance and unmeasured practice-
level factors cannot be completely ruled out as contributing to
variability.

The quantitative ultrasound-based TRS used in this study is a
novel metric and, although included as an exploratory endpoint, has
not yet undergone full formal validation. TRS findings are therefore
interpreted as hypothesis-generating, and larger dedicated prospective
(predictive) validation studies against established imaging and clinical
standards are the next steps.

While the integration of TRS and kinematic data adds valuable
mechanistic insight, these analyses were limited to subsets of horses
with high-quality imaging or motion data and should be considered
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supportive of primary outcomes. The tendon TRS subgroup was
underpowered for independent conclusions.

Finally, long term 26-week endpoint was considered an optimal
interval that would determine whether horses had resumed or were
expected to resume performance, capture early returns to work, and
maintain complete follow-up; recognition that after 26 weeks, compet-
ing factors in competitive performance horses, such as new injuries,
sales, changes in management and trainers, limited performance lifes-
pan unrelated to the project, and loss of client contact could erode
data quality. Longer-term follow-up, due to data loss, may not be suf-
ficiently powered to contribute statistically to controlled effectiveness
computations. Longer-term follow-up may be valuable retrospectively
for both controls and eCTM, but it is beyond the scope of this highly
regulated and controlled project.

4.6 Clinical implications and future
directions

This prospective and contemporaneously controlled study pro-
vides clinically relevant evidence that cryopreserved umbilical
allografts improve outcomes for performance horses with muscu-
loskeletal lameness compared with standard treatments currently
used in practice. The combination of earlier and greater improve-
ments in lameness, pain, and swelling, sustained performance
gains through 26 weeks, a favorable safety profile, supportive struc-
tural and kinematic data, along with consistent composition, lack
of patient-side processing, and as a single injection suggests that
eCTM may offer a therapeutic option available for joint and soft-
tissue conditions in performance horses. This study specifically
supports consideration of eCTM in horses with performance-lim-
iting lameness where previous biologic treatments have provided
only transient benefit, as for the horses in this study. Future studies
in stratified cohorts, optimal dosing, and re-treatment strategies
are planned. Additional mechanistic work integrating imaging,
biomarker, and clinical data may further clarify how eCTM influ-
ences tissue remodeling and how best to select candidates most
likely to benefit.

This multi-centered prospective quasi-randomized open-label
controlled clinical trial with long-term follow-up on over a hundred
of horses in real-world practice conditions serves to fill a gap in
knowledge in the field of biologics. Fully randomized and blinded
prospective controlled clinical trials (RCTs), as defined by CONSORT
guidelines have not been done in horses and may or may not may
provide complementary efficacy data, but there are also disadvantages
to RCTs. RCTs are highly controlled with fewer preselected animals,
thus limiting the generalizability of the results to the broader popula-
tion of patients with the condition being represented. RCTs also tend
to study treatments in idealized environments, which may not be per-
fectly in line with real-world usage of the treatment, possibly negating
the clinical efficacy when practiced in the real world. Overall, reports
of equine clinical trials on lameness are scarce, particularly for biolog-
ics, and additional studies are needed.

5 Summary and conclusion

In this pragmatic setting, a single off-the-shelf injection of eCTM
was associated with earlier, greater, and more durable improvements

Frontiers in Veterinary Science

10.3389/fvets.2026.1833933

in clinical and performance outcomes than clinician-selected non-
steroidal SOC. Overall, these positive findings suggest eCTM may
represent a consistent, single-dose alternative to clinician SOC
approaches for selected musculoskeletal conditions in perfor-
mance horses.
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SUPPLEMENTARY FIGURE S1
Representative cases of proximal suspensory injury from the standard-of-
care (SOC) control (left; cross section images) showing progressive structural
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Glossary

AAEP - American Association of Equine Practitioners
ACS - Autologous conditioned serum

APS - Autologous protein solution

AVMA - American Veterinary Medical Association
CBC - Complete blood count

CI - Confidence interval

CTM - Connective tissue matrix

CV - Coefficient of variation

eCTM - equicenta® CTM

ETCR - East Tennessee Clinical Research

FEI - Federation Equestra Internationale

GAG - Glycosaminoglycan

HA - Hyaluronan

MSC - Mesenchymal stromal cell
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NSAID - Non-steroidal anti-inflammatory drug
OA - Osteoarthritis

OR - Odds ratio

PR - Person responsible

PRP - Platelet rich plasma

PV - Project veterinarian

ROI - Region(s) of interest

SEM - Standard error of the mean

SI - Site investigator

SOC - Standard of care

ST - Soft tissue (ligament and tendon)
TB - Thoroughbred

TRS - Tissue remodeling score

VCT - Veterinary clinical trial

VPO - Veterinary Performance Outcome
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