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Simple Summary

Chronic wounds in horses can take weeks or months to heal and are difficult for veterinarians to
manage. In this study, we tested whether applying a human-derived amnion powder to wounds
would speed healing compared with standard care. Four horses were enrolled, and each horse had
wounds created on both forelimbs: one limb was treated with amnion, while the opposite limb served
as the untreated control. This design allowed each horse to act as its own comparison. We monitored
wound size, contraction (how much the wound edges closed in), and epithelialization (growth of
new skin) over time. We also measured how long it took for each wound to completely heal, and we
examined tissue samples under the microscope to score the quality of healing. Overall, wounds
treated with amnion did not heal faster. In fact, control wounds closed more quickly, healing about
five days sooner than treated wounds on average. Control wounds also showed better contraction at
several time points and higher overall histology scores by the end of the study. Microscopic
evaluation showed some differences in inflammation, but no consistent improvement with amnion.
In summary, while equine amnion is biologically interesting, in this small controlled study it did not
accelerate wound healing and may even have delayed closure. These findings highlight the need for
larger trials and further refinement before this approach can be recommended for routine clinical use
in horses.

Abstract

Objective: To assess the safety and efficacy of lyophilized, milled, human amnion on wound healing
in an equine distal limb wound model in a blinded controlled study. Animals: Four clinically normal
adult horses (3 Thoroughbred and 1 Paint, age 6-19 years) obtained via donation. Institutional Animal
Care and Use Committee approval was obtained for this study. Procedures: One forelimb of each
horse was randomly assigned to the treatment group, and the contralateral limb was assigned as the
control. Full-thickness skin wounds were created on each metacarpus. Treatment limb wounds were
treated with lyophilized, milled, human-derived amnion material delivered on triple antibiotic
ointment on non-adherent dressing. Control wounds were treated with triple antibiotic ointment on
non-adherent dressing. Distal limb bandages were applied. Digital photographs of the wounds every
2-4 days throughout a 98-day study period were blinded and analyzed for wound area and
epithelialization. Histopathology was performed on samples from days 7, 21, 35, and 84. Results: All
treatment limbs exhibited an inflammatory response characterized by focal edema and discharge
from the wounds, and this was not seen in control limbs. One horse developed unilateral cellulitis in
the treatment limb, and not the control limb that resolved with additional treatment. Wounds were
completely epithelialized in control limbs sooner than treatment limbs in each horse (p = 0.011). Mean
wound size (junction of neoepithelium and wound margin) was smaller in control wounds than
treatment wounds at all time points, with a significant difference on days 23 and 39, with trends
toward significance on days 18 and 35. Overall histologic scores were better in control wounds than
in amnion-treated wounds at all time points, only reaching significance on day 84 (p = 0.039).
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Conclusions and Clinical Relevance: In this pilot study, lyophilized human amnion did not improve

wound healing compared to control, and may have hindered wound healing. We terminated the
study after one cohort of 4 horses due to these results. Because wounds treated with amnion in this
pilot study exhibited an inflammatory response that resulted in delayed time to wound closure,
human lyophilized milled amnion is not recommended for use in equine wound management.
Xenogeneic amnion may not be appropriate for wound healing in equines, but further study is
needed to strengthen these conclusions.

Keywords: equine; wound; amnion; lyophilized; human

Introduction

Wounds of the distal limb present a clinical challenge in horses, as they heal slowly and
sometimes incompletely, leading to persistent lameness, limb swelling, extensive scars, and
subsequent loss of use or euthanasia of the horse. Amnion-derived materials have been studied in
the horse, man and other species, and have shown promise in acceleration of wound healing with
good cosmetic outcomes.[1-4] A processed, human-derived amnion material that may become
commercially available could make amnion more widely available for use by practitioners and
medical providers without the inconveniences of harvesting, processing and storing equine amnion.
Previous research on this material in a porcine model showed accelerated healing times with no
adverse effects.[5]

The proposed effects of amnion as a wound dressing include acting as a scaffold and providing
growth factors to accelerate healing. In the presence of amnion in vitro, both fibroblasts and
keratinocytes have improved cellular proliferation and migration.[6] Amnion contains growth factors
and cytokines essential for healing such as hepatocyte growth factor, keratinocyte growth factor,
transforming growth factor f1, and others. Further processing of amnion membranes into a
powdered form increased the availability of these growth factors.[7,8] Amnion membranes also have
favorable antimicrobial effects, inhibiting the growth of some microorganisms in vitro including
Pseudomonas spp. [9] Previous equine studies comparing amnion treated wounds to control have
shown variable results. One study found that liquified amnion injection did not improve healing
compared with control [10]. While another study showed that amnion together with pinch grafting
improved healing time compared with pinch graft alone [2]. A third study showed that equine
amnion membrane treatment of wounds accelerated granulation tissue formation [11].

The primary purpose of this pilot study was to assess the safety of a processed human amnion
material for distal limb wound healing in the horse. Secondary objectives for the study were to assess
the impact of the human amnion material on rate of wound healing, contraction and epithelialization,
the quality of healed skin and the cosmetic appearance of wounds treated with the amnion material.
We hypothesized that the lyophilized human amnion would be safe for use on wounds of the distal
limb in the horse. We also hypothesized that the amnion would accelerate contraction and
epithelialization of experimentally created distal limb wounds.

2. Materials and Methods

Study Design: A randomized, blinded, controlled research study was designed using an equine
model of distal wound healing. Bilateral forelimbs of 4 healthy horses were used, with one limb
randomly assigned as treatment, and the contralateral limb assigned as control. Limbs were assigned
to the treatment or control group randomly via random number generator, with odd numbers
receiving the treatment on the left forelimb and even numbers receiving the treatment on the right
forelimb. All wounds on the treatment limb received the amnion-material treatment protocol and all
wounds on the control limb received the control protocol. All assessments and data were blinded for
analysis including photographs of wounds.
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Animals: Four clinically healthy adult horses (3 Thoroughbred and 1 Paint Cross) with a
median age of 11 years (ages 6, 10, 12 and 19 years) were obtained via donation. Inclusion criteria
were distal forelimbs free from wounds or scars and horses with no known systemic or metabolic
disease. Horses were evaluated for lameness evident at the walk and received physical examinations
consisting of temperature, pulse rate, respiratory rate, as well as visual inspection and manual
palpation of the limbs. All animal involvement was performed under the regulation and approval of
the institution’s animal care and use committee (protocol 16-168).

Tested Material: A human-derived amnion material was used for amnion-treated wounds.?

Briefly, the amnion was washed with sterile saline, frozen, lyophilized, milled, gamma irradiated at
1 megarad and stored at-80°C. The material was prepared at Wake Forest Institute of Regenerative
Medicine, frozen, and shipped in 70 mg doses to the testing center.

Wounding and Treatment Application: Wounds were created on Day 0. Each horse was
administered 1g phenylbutazone per os pre-operatively, then once daily for 5 days post-operatively.
The horses were sedated with detomidine (0.01mg/kg IV) and butorphanol (0.01mg/kg IV) and the
distal forelimbs were clipped and aseptically prepared. Mepivacaine hydrochloride 2% (30mL/horse)
was infiltrated subcutaneously as a circumferential ring block at the level of the proximal metacarpus.
Additional local anesthetic was provided as a high palmar nerve block [12] bilaterally in one horse
that retained cutaneous sensation after the ring blocks. A sterile plastic template was used to create
four evenly spaced, 2.5 cm x 2.5 cm, full-thickness skin wounds with a scalpel blade on each forelimb
(Fig 1). Each wound was a minimum of 3cm in any direction from the adjacent wounds. The excised
skin was placed in 10% buffered formalin and retained as a normal control on histopathology.

Either 70 mg of amnion material spread on ImL of triple antibiotic ointment (treatment limb),
or ImL of triple antibiotic ointment alone (control limb) was applied to a non-adherent dressing on
Day 0 using the sterile plastic template to ensure complete delivery of the treatment or control
material to each wound. Investigators conducting assessments were not aware of which limb was
treatment or control. The non-adherent dressing was secured to the limb over each wound using
conforming gauze immediately after skin excision. The gauze was held in place with elastic adhesive
tape (Elastikon) and a standard distal limb bandage applied using cotton combine bandages secured
with elastic compression wraps. The top and bottom of each bandage was sealed with elastic adhesive
tape to prevent entry of dirt or debris. The treatment material was applied only on Day 0.
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Figure 1. Schematic of distribution of wounds on the distal limb. Four 2.5 by 2.5 cm wounds (represented by
squares) were created at the proximomedial, proximolateral, distomedial and distolateral aspect of the
metacarpus. Each wound was at least 3 cm from the other wounds. Green squares indicate the wounds
(proximolateral and proximomedial) that were used for wound measurements. Circles represent location of
6mm biopsy punches at each time point: yellow on day 7, orange on day 21, purple on day 35, and black on day
84.

Monitoring: Horses were stall rested for 7 days prior to allowing confinement in a small
paddock for the remainder of the study. Horses were examined daily for temperature, heart rate,
respiratory rate, presence of swelling in the forelimbs and lameness at the walk for the first 7 days.
Bandages were changed on all horses every 2-4 days throughout a 99-day study period. Triple
antibiotic ointment was re-applied to all treatment and control wounds at each bandage change until
day 9, then the wounds were bandaged without topical medication. The inner layer of the bandage
was discontinued when the wounds were grossly epithelialized, and standing wraps were used for
the remainder of the study period to protect the newly formed epithelium. The wounds were
photographed and inspected for discharge, exuberant granulation tissue, edema and progression of
healing (contraction and epithelialization).

Digital photographs (using Nikon Coolpix L340 20MP digital camera) were taken of each wound
at each bandage change. A 5mm grid ruler was labeled with patient information, date and limb
identifier but blinded to treatment group, then placed immediately adjacent to each wound for
photographic documentation and future blinded measurement from stored images. Three
photographs were taken of each wound, centered and perpendicular to the wound, at a standardized
distance of 20cm from the limb using the flash setting.

Wound Measurements: Two-dimensional digital planimetry was performed to calculate wound
area and epithelialized area from the digital images using Image] software. The highest-quality
photograph from each wound on each day was selected for measurement. The digital photograph
was imported to Image] and magnified to 50%. A 20mm bar was measured on the photographed
ruler and “set scale” software function used to standardize subsequent measurements for each
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photograph. The freehand selection tool was then used to measure the interface of normal skin with
neoepidermis (“Outer - epidermal margin,” line A, Figure 2) as well as the junction of neoepidermis
with non-epithelialized tissue (“Inner - wound margin,” line B, Figure 2). Each measurement was
repeated in triplicate and the mean used for subsequent analysis. A single, blinded observer
performed all measurements. Only measurements of proximal wounds were retained for statistical
analysis to avoid confounding impact of biopsy procedures, which were performed on the distal
wounds (Fig 1).

Figure 2. Wound measurement technique in a wound on day 35. Image ] software was used to measure the
interface of normal skin with neoepidermis (“Outer - epidermal margin,” line A) as well as the junction of

neoepidermis with non-epithelialized tissue (“Inner - wound margin,” line B).

Histopathology: Pre-selected wounds were biopsied on days 7, 21, 35 and 84 (Fig 1). The
distolateral wounds were sampled on day 7 (distal abaxial margin) and 21 (distal axial margin),
distomedial wounds on day 35 (distal axial margin), and proximolateral wounds on day 84 (proximal
margin). The proximal wounds were left undisturbed until the final time point at day 84, so that
influence of biopsy site did not confound wound measurements. To perform the biopsy, the adjacent
skin was aseptically prepared with chlorhexidine and rinsed with sterile saline. Horses were
administered 1g phenylbutazone per os and sedated with xylazine (0.3-0.4mg/kg IV) and detomidine
(0.006-0.01 mg/kg IV) with or without butorphanol (0.01mg/kg IV) depending on temperament. For
biopsy, local anesthesia was provided for each wound with subcutaneous infiltration of mepivacaine
(5mL/wound) as an inverted “L” block adjacent to the wound to be sampled. A 6mm biopsy punch
was used to obtain a sample of the wound margin, including ~2mm of adjacent skin. The samples
were immediately placed in 10% buffered formalin for histopathology. The tissue samples were
shipped to a secondary institution (WFIRM) and paraffin embedded, sectioned, and stained. Staining
was performed with hematoxylin and eosin (H&E) and Masson’s trichrome. All prepared slides were
evaluated and scored by a board-certified pathologist.

All biopsied wounds and day 0 controls were scored according to a pre-determined scale for
presence or degree of epidermal epithelialization (0-3), inflammatory cellular infiltrate (0-2), hair
follicles (0-1), glands (0-1), smooth muscle (0-1), collagen orientation/density (0-2), fibroplasia (0-1),
vascular proliferation (0-1), and hemorrhage (0-1), resulting in a maximum score of 13 representing
normal skin (Table 1). Only the wounded tissue in the biopsy sample was evaluated for scoring.
Glands refer to the

Table 1. Histopathology Scoring Rubric. Each wound received a score for each category at Days 0, 7, 21, 35 and

84, as assessed by a board-certified pathologist. Normal skin received a total score of 13.
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0 1 2 3
Epidermal Ulcerated without  Ulcerated with partial Complete epithelialization Normal/ intact
Epithelialization epithelialization epithelialization with hyperplasia skin
Inflammation Moderate to Mild Absent

severe

Hair follicles Absent Present
Glands Absent Present
Smooth Muscles Absent Present
Collagen Abnormal deep Abnormal superficial
Orientation/ dermis dermis Normal
density
Fibroplasia Present Absent
Va_s cula_r Present Absent
Proliferation
Hemorrhage Present Absent

presence of either apocrine or sebaceous glands. Hemorrhage was defined as any evidence of
chronic hemorrhage associated with the original wound or healing process including evidence of
erythrophagocytosis, hemosiderosis, perivascular hemorrhage, or significantly more hemorrhage
than in the day 0 control samples. Extravasated red blood cells without these changes were
interpreted as acute hemorrhage associated with the biopsy procedure and were not counted in the
scoring rubric.

Follow-up: Since this was a non-terminal study of research horses retained at the center, after
the conclusion of the study on day 84, limbs were photographed and/or biopsied if horses remained
available. Assessments remained blinded.

Statistical Analysis: Statistical analyses were performed using JMP Pro 18 and R (v4.3.0). Because

each horse contributed both a treatment and contralateral control wound, analyses were blocked for
Horse to account for pairing and repeated measures. Mixed-effects models were specified with fixed
effects for treatment (Control vs. Treatment), day, and their interaction, with Horse included as a
random intercept. Time to complete healing, contraction, and epithelialization were analyzed using
linear mixed-effects models (REML estimation). The overall model tested for treatment, day, and
interaction effects, and planned within-day contrasts compared Treatment vs. Control at each time
point.

Total histopathology scores (0-13) were analyzed using a generalized linear mixed model with
a negative binomial distribution and log link to accommodate the skewed, count-like data. Ordinal
histology categories (epithelialization, inflammation, collagen orientation) were analyzed using
cumulative link mixed models with a logit link. Binary categories (hair follicles, glands, smooth
muscle, fibroplasia, vascular proliferation, hemorrhage) were analyzed with binomial mixed models;
when sparse data precluded model fitting, McNemar’s exact test was applied. All tests were two-
sided with significance defined as p < 0.05; values of 0.05-0.10 were considered trends.

3. Results

Safety and Complications: No horses had serious adverse reactions to the wound model, nor to

the treatment. One horse had a complication — cellulitis in one limb - develop on day 2 of the study.
It was determined after unblinding at the conclusion of this cohort of horses that the cellulitis
occurred in the treatment limb, and the control limb had no cellulitis. During creation of the first
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wound on day 0, this horse retained sensation and underwent repeated injection of local anesthesia
in both forelimbs followed by bilateral high palmar nerve blocks until desensitization was achieved.
On day 2, the horse was reluctant to bend one forelimb and had hot, painful edema from the carpus
distal. He was sound at the walk. The horse was treated systemically with trimethoprim sulfa
(22mg/kg per os q12h) for 10 days and phenylbutazone (1g per os q12h) for 10 days. The heat and
edema resolved by day 7 of the study and this horse had no further adverse events.

Gross Appearance of Wounds: Subjectively, the wounds on the treatment limbs had a visible

difference in gross appearance throughout the study period which was assessed blinded to treatment.
This effect was most marked in the early stages of wound healing (Fig 3 and 4). In general, the wounds
on the control limbs were flat, red in color, with minimal serous discharge. In contrast, wounds on
the treatment limbs had mild to severe local edema with a roughened or irregular, cobblestone
surface, were tan in color, with varying degrees of increased serous or fibrinous exudate.

Control Treatment

Figure 3. Images from a horse with severe focal edema and fibrinous exudate from each of the treatment wounds

on Day 14 (Treatment). The control wounds of the same horse have minimal edema and no exudate (Control).
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Figure 4. Images of wounds from the same horse at selected time points taken at a standard distance. Ruler grid

=5mm.

Time to Epithelialization: Amnion-treated wounds took significantly longer to heal compared
with contralateral control wounds; treatment delayed healing by an average of 5.0 days (95% CI: 1.1-
8.9 days, p = 0.011).

Wound Contraction and Epithelialization: Wound contraction, as measured by the area included
in the outline of the outer limits of each wound, was significantly lower in treated versus control
wounds at all time points, with a significant difference on days 23 and 39, with trends toward
significance on days 18 and 35 (Fig 5A). Wounds on the treated limbs had significantly lower
epithelialization (p=0.0106), and post hoc Tukey’s tests demonstrated significant differences on days
21, 31, 35, and 45, with statistical trends on days 28,42 and 49 (Fig 5B).
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Figure 5. Wound healing over time. A. Contraction of wounds — the percentage size of exterior measurement of
wound compared with baseline size at wound creation (%). B. Percentage of wound with new epithelialization
over time. An * denotes a significant difference (p < 0.05) between treatment and control wounds, t denotes a
statistical trend with p values: 0.1 > p > 0.05 between treatment and control wounds.Histopathology: Two
samples (one treatment and one control on day 21) were excluded from analysis due to sectioning error. All
other wounds were evaluated using H&E at all time points (Fig 6) and Masson’s Trichrome on days 0-35.

Masson’s Trichrome was not available for day 84 samples due to poor staining. Overall treatment effects were
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significantly different for total histology scores at day 84 (p = 0.039), with a trend for day 21 (p = 0.083) (Fig 7).
Overall treatment effects of individual categories were only significant for inflammation (p = 0.0077); however,
post hoc tests resulted in p = 0.125 for day 7, 21 and 84 and p = 0.32 for day 35. Epithelialization, collagen,
vascularization, hemorrhage, and other categories improved over time without significant group differences.

Figure 6. A. Day 35 Treatment limb histopathology, H and E staining. Re-epithelialization of the wound is
incomplete and there is a focally extensive area of ulceration with granulation tissue and hemorrhage (arrow
heads). There is fibrosis, vascular proliferation and hemorrhage within the dermis. Hair follicles, adnexal
structures, and smooth muscle are absent. H&E stain; bar= 600pum. Inset: Photomicrograph of superficial dermis
demonstrating mild neutrophilic and lymphoplasmacytic inflammation (circled), fibrosis, vascular proliferation
(arrows) and hemorrhage. B. Control limb biopsy from day 35 showing new epithelialization with mild

inflammation, vascularization and hemorrhage. bar= 600um
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Figure 7. Median histopathology scores for wounds over time. From bottom to top of chart and graph:
hemorrhage (HEM), inflammation (INF) in green, vascularity (VAS), fibroplasia (FIB), collagen (COL), smooth
muscle (MUS), then hair follicles (HAR), glands (GLN), and light blue epithelialization (EPI). Total scores
increased with time in both groups. Day 84 total scores were significantly different between groups. The day 240

biopsies were from a single horse, and data are included for general information.

Follow-Up:

Histopathology: Additionally, post-mortem tissue was available on day 240 for one horse
euthanized for reasons unrelated to the study. Subjectively, there was no difference in histologic
appearance of the treatment and control wounds in the post-mortem samples (histologic score of 6
for all wounds). All post-mortem wounds were completely epithelialized with evidence of
persistent small nodules of lymphoplasmacytic inflammation in the superficial dermis and free hair
shafts surrounded by granulomatous inflammation (furunculosis). Wounds had low numbers of
hair follicles and sebaceous glands and very rare apocrine glands. The adnexae that were present
were haphazardly oriented with abnormal shape (dysplastic).

Long Term Outcomes: Wounds were grossly evaluated for each horse in the study at a range of

7-16 months. Two horses were euthanized for reasons unrelated to this study at 7 months and 16
months. One horse was lost to follow-up at 9 months due to adoption, and one horse remained in
the institution’s herd and photographic examination was performed 16 months after wounding.
During the 99-day study period, both treatment (n=3 wounds, 2 horses) and control (n=5 wounds, 4
horses) wounds were subject to reinjury, with the neoepithelium becoming traumatized and re-
wounded. No additional treatment intervention was required. The long-term cosmetic outcome at
the time of follow up was similar between treatment and control wounds as assessed through blinded
photographic images (Figure 8).

Control Treatment

Figure 8. Gross appearance of treatment and control limbs 8 months after wound creation. Long-term cosmetic
and functional outcomes were subjectively similar between treatment and control wounds on day 240.
4. Discussion

The xenogeneic amnion material investigated in this pilot study resulted in slower healing,
poorer histological scores, overall increased inflammation histologically, and subjectively excessive
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inflammation visually in all treated wounds, leading to delayed time to wound closure in this equine
distal wound model. This was an unexpected result based on studies using this material in other
animal species (porcine and rodent models) [4]. While this material may be appropriate for non-
equine species pending further investigation, it cannot be recommended for use in equine wounds.
As a consequence, we terminated the study after this first cohort of 4 horses rather than continuing
to study this wound treatment in a second cohort. The results of this pilot study may sway others to
avoid use of human-derived tissues in the future, and to carefully assess any xenogeneic tissues
commercialized for equine wound treatment.

Previous literature indicates that 2.5cm? wounds in the horse’s distal limb wound be expected
to heal at a mean of 42-60 days, but one study reports healing times of 83 days or longer [1,2,13-15].
Amnion-treated wounds in equids are expected to heal at a similar [15] or more rapid [1,2] time point
compared to control. Variations in results of other equine amnion studies could be related to study
design, source or preparation of the amnion, or inadequate sample size. A perfectly designed study
of wound healing is not always practical. For example, multiple wounds on the same limb can
interfere with healing of other wounds, and applying different treatments to different wounds on the
same limb can affect each other and confound results [11]. We sought to limit confounding factors by
using one entire limb as control, treating each limb the same throughout the experiment (except for
the presence of amnion), and maintaining at least 3cm distance from the other wounds. Previous
equine studies comparing amnion-treated wounds to control have shown variable results. One study
found that liquified amnion injection did not improve healing compared with control [10].

While another study showed that amnion together with pinch grafting improved healing time
compared with pinch graft alone [2]. A third study showed that equine amnion membrane treatment
of wounds accelerated granulation tissue formation [11].

Bandaging has been documented to increase the incidence of exuberant granulation tissue
formation, but in this study, exuberant granulation tissue was not encountered. [16] This could be
attributed to the small sample size. Or, exuberant granulation tissue may have been avoided despite
bandaging due to the use of triple antibiotic ointment in the inflammatory phase, as triple antibiotic
ointment has been shown to decrease the development of exuberant granulation tissue when equine
distal limb wounds are bandaged. [14] In order to avoid the need to trim excess granulation tissue
which has occurred in several previous equine distal wound model studies, and to avoid exuberant
granulation tissue confounding the results of the study, triple antibiotic ointment was used in both
treatment and control wounds. The triple antibiotics ointment also better enabled application of the
amnion treatment, and assisted in maintaining blinding of the investigators. That being said, altering
the timing of treatment application, comparing to unbandaged wounds, or repeating treatment
application at multiple bandage changes may have altered these results.

The tested material caused subjectively substantial edema in the treatment wounds, indicated
by focal swelling surrounding the wounds and edema within the granulation tissue on gross visual
evaluation by the blinded investigator. This was supported by histologic analysis, revealing overall
increased inflammation scores in the treatment wounds. A potential cause for increased
inflammation in treatment wounds could be graft rejection of the xenogeneic material. Thl
lymphocytes, for example, promote cytotoxic killing and are prominent in graft rejection reactions
[17]. Further investigation and analysis of leukocyte infiltration of amnion-treated wounds may have
determined the source of the increased inflammation, but this was outside the scope of this study.
The wounds were not submitted for bacterial culture or bacterial quantification, so bacterial
contamination cannot be ruled out as the cause of increased inflammation in treated wounds
compared with control.

One horse had a complication (cellulitis) in the treatment limb after wound creation and
treatment application. It cannot be definitively determined that the cellulitis in this horse was due to
the amnion-derived material, but this must be considered. The horse also required additional local
anesthesia to complete the wounding procedure, which may increase risk of cellulitis due to repeated
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needle penetrations of the skin, but this was needed bilaterally and the control limb (which was the
second limb) did not develop cellulitis [18].

It is not known if the investigated material would produce a similar inflammatory reaction in
humans. Previous research on this material in a porcine model showed no inflammatory reaction and
resulted in accelerated healing times [5]. An equine model was chosen for this study due to the poor
healing of wounds on the equine distal limb and the propensity for horses to produce unwanted
exuberant granulation tissue, which has similarities to keloid formation in humans [14,16,19,20].

The limitations of this study include the small number of horses used, the use of local anesthesia
for wound creation and biopsies, using one wound location for two biopsies, the use of triple
antibiotic ointment and bandaging in both control and treated limbs, and the inclusion of a horse that
had cellulitis. The small number of horses was due to the investigators” opting to terminate the study
due to the strong suspicion that the treatment may not be beneficial. This suspicion was due to one
limb appearing more inflamed in every horse, without the actual knowledge of which was treatment
and which was control. It also subjectively seemed that the degree of inflammation was higher in one
leg in each horse than these surgeons would expect for a similar naturally occurring wound.

Based on this suspicion, data analysis and unblinding was performed. The discovery that the
treated limbs did not show significant improvement over control, and showed significantly slower
wound closure at some time points compared with control resulted in termination of the study. The
horse with cellulitis in the amnion-treated limb was included due to the concern it was related to the
treatment. Previous studies on equine distal limb wound healing have used between 1 and 18 horses,
with a range of 1 to 6 wounds per limb [10,13,16,21-23]. While this study was limited to only 4 horses,
there were statistically significant differences that suggested human amnion may not be beneficial,
and may actually hinder healing.

General anesthesia was avoided due to potential complications and increased cost for the study.
Additionally, performing a bilateral model was thought to avoid interference of local anesthetic,
triple antibiotic use and bandaging on results. The investigators could have performed fewer biopsies
to avoid using the same wound twice for day 7 and day 21 biopsy. Using each wound for a single
biopsy would avoid the potential of interference on healing. It is possible that the day 7 biopsy would
interfere with healing, and this could affect the histology results for the day 21 biopsies. Since there
were no significant differences in biopsy scores on day 7 or 35, this may not be relevant. The long-
term outcome of the research horses (follow-up) was included to allow future investigators using this
model to know the impact of this non-terminal study on our research herd.

The safety of this human amnion material for use in the horse is challenged by the findings of
this study. Increased inflammation of the wounds during healing, slower closure of the wounds and
development of cellulitis on the treated limb in one horse all suggest that this amnion preparation is
not an appropriate treatment for equine wounds. Due to these adverse effects, and the potential that
horses are more sensitive to xenogeneic materials on wounds, the authors suggest conducting similar
studies to this for any xenogeneic material being marketed for use in horses, even as a medical device.
There are currently porcine and bovine tissues being marketed for use in horses. There remains ample
evidence in the literature of the positive effects of equine (allogeneic) amniotic membrane for use in
equine wound healing. Further investigation of allogeneic, equine-derived amniotic membrane
processed in a similar manner would be ideal.

5. Conclusions

The xenogeneic amnion material investigated in this pilot study is not recommended for use on
equine wounds. The material subjectively appeared to induce an inflammatory response, resulting
in edema in the wounds and reduced wound closure, which was significant at a number of time
points. In addition, one horse had an adverse response that may be attributed to the material resulting
in cellulitis of the treated limb. The effects of topical application of this material in other species
cannot be determined with this study. Careful study of any other xenogeneic materials for wound
healing in horses is recommended.
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