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This study aimed to create a hoof lamellae model by combining the histomorphometric
data of lamellae from animals with odd and even toes. The comparison study showed that
odd-toed horses and donkeys have two unique types of epidermal lamellae (EL) in the
innermost layer of the capsular wall, known as primary (PEL) and secondary epidermal

KeY(‘j""’rdSI:I ' lamellae (SEL). In contrast, even-toed cows and camels have only PEL. These lamellae
Eggf&vﬂﬁ amefiae form a complex and complicated dermo-epidermal connection by interlocking with the

corresponding primary (PDL) and secondary dermal lamellae (SDL). The PEL were all the
same shape, and cells made up the intertubular horn of the stratum medium. Animals with
odd toes had SEL. A group of non-cornified basal cells and a central area with partially

Stratum interneum

keratinized cells were composed of these Els. A distinct and straightforward connection
between SEL and PEL was shown via connective tissue fibers. In both odd-toed and even-
toed animals, the PEL originates from basal cells placed at the proximal extremity of the
stratum internum. As the cells migrate towards the outermost edge, they undergo
keratinization, contributing to the overall count of keratinized cells in the PEL. The results
indicated significant differences in lamellae between those animals with odd-toed and even-
toed feet. In addition, the current outcomes deliver a new perspective on the relationship
between the architecture of hoof lamellae in animals with odd or even toes and their
increased ability for keratin formation, which might explain the development of hoof
diseases in the future.

Correspondence:
R.A. Al-Agele
al-agele@uodiyala.edu.iq

DOI: 10.33899/ijvs.2024.148208.3565, ©Authors, 2024, College of Veterinary Medicine, University of Mosul.
This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

to evolutionary history, this corresponds to homology theory
(1). The hoof compartments, including the sole, are similar

Introduction

The mammalian distal limb exhibits significant
morphological variety in its integumentary appendages,
including claws, nails, and hooves. This variation is observed
across closely related mammalian species and even within
the same family (1-3) asserts that the dermal papillae of
growing horse hooves exhibit distinct characteristics
compared to those of even-toed cattle or pigs and other
comparable digital end organs such as the nail and claw. It
has been found that the dermal papillae on dog and cat claws
could be better developed on the odd and even toe adaptive
angulates such as cattle and/or equine capsular walls (3). Due
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to those in pig, sheep, and cow hooves or feline and canine
claws (4,5), as well as those in primate nails (6). Digital end
structures can be conceptualized as entities capable of
adjusting to diverse mechanical forces. Consequently, a
cornified layer develops, such as in the distal compartments
of mammals (3,7), which offers mechanical strength. The
hoof wall's inner surface has a lamellar structure that is 2-3
mm thick, with tubules positioned between the lamellae (8).
The capsule wall consists of three distinct layers, namely the
externum (periople), the medium (coronet), and the interior
(lamellatum). The epidermal lamellae's orientation on the
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horsefoot's inner surface is from the proximal to the distal
region (9). The equine inner capsular wall is made up of
primary and secondary epidermal lamellae (P and SEL) that
are interconnected with the dermal lamellae (DL) (9,10).
Under the distal phalanx, a digital cushion is essential in a
bovine hoof. In cattle feet, a hairless epidermis displays three
distinctive cellular stratums: [1] a glossy stratum corneum,
[2] the underlying epidermal cell stratums, and [3] the
stratum dermis on the posterior surface of the feet. A camel's
claw consists of a fold, a wall, and a sole (11). The fore and
back digital pads contain the epidermis, dermis, and subcutis.
While a large subcutaneous cushion is present in elephants'
feet (12), fat and connective tissue make up these cushions.
However, the ovine (13) doesn't have digital pads on its feet
like the bovine, but elephants do (12). Many animals,
including bovine, equine, camel, and swine, have been
shown to have complex circulatory systems in their hooves
(5,14).

The objective of this study was to conduct a comparative
analysis of the histological and architectural characteristics
of the stratum internum of the hoof wall. The study also
examined the histo-comparative properties of the hoof
lamellae in both odd-toed and even-toed ungulates to make
a model of the hoof wall.

Materials and methods

Ethical approval

All procedures involving domestic animals in this study
were carried out following the strictest standards for animal
care and research. The experiment was conducted according
to guidelines approved by the College of Veterinary
Medicine, University of Diyala Animal Experimentation
Ethics Committee, No. VM 202. February 2022. K&R, dated
on 1/2/2022.

Sample collection

Hoof samples were collected from the front feet of 40
animals. The animals were categorized into four groups: the
first consisted of 10 front feet from horses, and the second
consisted of 10 front feet from donkeys. These were
intravenously collected post-euthanized with pentobarbital
sodium (150 mg/kg body weight). The third group consisted
of 10 front feet from cows, and the fourth group consisted of
10 front feet from camels. These were collected from the
slaughterhouse. Hooves were collected one-hour post-
euthanasia (14). The tissue samples were acquired from the
dorsal area. Based on the histological technique, the samples
were fixed, routinely processed without decalcification, and
stained with H&E (15). The morphometric measurements of
lamellae in odd-toed and even-toed ungulate animals were
determined by calculating (mean + SE) the length and width
of the PEL and PDL and the SEL and SDL using calibrated
Fiji J software and then imported to a Microsoft Excel sheet.
Histological sections were photomicrographs using an
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Olympus microscope with an OMAX digital camera. The
statistical analysis of the data was conducted using the
Graphpad Prism software.

Results

Hoof lamellae of the odd-toed animals

An examination of odd-toed feet showed that they
encompassed PEL and SEL. The lamellae interdigitated with
the DL, creating an intricate and tangled connection between
the dermis and epidermis. The SEL consisted of vital
progenitor cells called basal epidermal (be) and a set of
suprabasal (sb) cells that were non-cornified (Figure 1). The
suprabasal cells were located in the central region of the
SEL, as well as in the space between the bases of two
lamellae (Figure 1). The nuclei of these cells exhibited
similarity to the nuclei of the germinal basal cells. The PEL
appeared to be one continuous layer, with cells making up
the intertubular horn of the inner stratum medium. In this
instance, the secondary layers of the epidermal tissue seemed
to immediately link to the primary layers through their
suprabasal cells (Figure 1), which were flat and aligned with
the primary layers. The laminae join the lamellar corium,
forming an intricate bridge between the epidermis and
dermis via connective tissue fibers. This connective tissue
attached the keratinized capsular wall to the beneath dermal
tissue (Figure 1). The stratum corneum included the rigid
keratin of the PEL. They were situated near the apex of the
dermal laminae, deep within the coronary groove. As the
stratum medium lengthens, the cells keratinize and migrate
towards the hoof's ground surface. The stratum
germinativum makes up the cellular SEL. Each SEL's basal
stratum rests on the connective tissue of its corresponding
SDL, generating an interdigitation (Figure 1). The
keratinized PEL appeared attached to the sidewalls of the
stratum spinosum, which made up the central core of each
SEL. The structure of the lamellae showed that the basal
germinal cells of the SEL divide evenly along their length at
the same rate as the descending growth of the horny PL. The
PEL appeared to slide distally across the more rigid SEL to
facilitate growth.

The cells in the uppermost PL of the stratum internum
(si) exhibited less keratinization than those in the remaining
lamellae. Additionally, the cells located near the stratum
medium (sm) (Figure 1 A and B) had the highest level of
keratinization, whereas the cells situated deeper within the
stratum displayed the lowest level of keratinization. The PEL
consisted entirely of keratinized cells, which gradually
spaced apart as they underwent keratinization. Subsequent
histological examination revealed that the innermost part of
the wall had fully formed the PEL. When cells in the PEL
undergo outward pressure, they undergo keratinization and
shape alterations that closely resemble those in the
intertubular keratinization of the innermost stratum medium.
The keratinization of all PEL revealed that they were
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typically complete by mid-wall. The PEL cells next to the camels, and 35.2+0.32 um in cows. The results also indicated
SEL cells had large villous projections that went into significant differences in lamellae between animals with
neighboring cells of the SEL. These projections formed fully odd-toed and even-toed feet. There were also substantial
formed lamellae with a mid-wall. In the horizontal section of differences in lamellae between horses and donkeys and
the proximal part of the PEL, many cells in the second cell between cows and camels (Table 1).

population were more clearly columnar. In some places,
these cells have a pseudostratified columnar arrangement.
Most had dermal villous protrusions (Figure 1).

Hoof lamellae of the even-toed animals

The findings of the current investigation on bovine and
camel foot lamellae indicated that the stratum internum, the
innermost layer of the hoof wall, exclusively consists of
PEL. The lamellae tightly interweave with the DL, forming
a complex and complicated dermo-epidermal connection
(Figure 1). The DL exhibited a robust connection with the
EL and the basal membrane. Furthermore, the EL had a
curved shape at its ends. The dermal connective tissue was
associated with an intricate network of interconnected fibrils.
The PEL consisted of cells of the intertubular horn of the
inner stratum medium. The cells in the uppermost PL of the
stratum internum exhibited lower keratinization levels than
those in the other lamellae, indicating that the keratinization
process occurred continuously over a certain distance. In
both odd-toed and even-toed ungulate lamellae, the cells next
to the stratum medium displayed the most prominent
keratinization, whereas the cells located deeper within the
stratum showed the least degree of keratinization. The
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keratinization process in the PEL closely resembled that of Figure 1: H&E-stained photomicrographs depict the
the intertubular horn in the inner stratum medium. The basal connection between the primary and secondary dermal
cells of the mid-wall lamellae were mostly columnar, but due lamellae and the primary and secondary epidermal lamellae
to the shape of the lamella, some cells had to be wedge- and their interconnectedness. A, Al, and A2 represent
shaped. The basal cells had a comparable structure to those images of horse hoof lamellae. B, B1, and B2 represent
in the stratum medium. Nevertheless, the nuclei of several images of donkey hoof lamellae. C, C1, and C2 represent
basal cells in the lamellae exhibited indentations (Figure 1). images of camel hoof lamellae. D, D1, and D2 represent

The mean+SEM for each sample is presented in Table 1, images of cow hoof lamellae. As it showed, (pd) PDL, (sd)
demonstrating the morphometric data of the hoof lamellae in SDL, (be) indicated basal epidermal cells, (sb) suprabasal,
both odd-toed and even-toed ungulates. The findings showed (ct) connective tissue, (si) stratum internium, (sm) stratum
that the mean length of PEL was 2177.7+0.92 um in horses, medium, and (pe) and (se) referred to PEL and SEL,
2032.2+0.90 pum in donkeys, 343.740.62 um in camels, and respectively. The scale bar in images A, B, C, and D
886.440.98 pm in cows. The mean width was 168.6+0.93 um indicates 200pum, whereas images Al, A2, B1, B2, C1, C2,
in horses, 245.1+0.96 yum in donkeys, 90.7+0.59 pum in D1, and D2 have a scale bar of 50um.

Table 1: Morphometric data of the lamellae in odd-toed and even-toed ungulate animals

Variable Horse hoof lamella Donkey hoof lamella Camel hoof lamella Cow hoof lamella
PEL (length pm) 2177.7+0.92 2032.2+0.90 343.74£0.62* 886.4+0.98*
PEL (width pm) 168.6+0.93 245.1+0.96 90.7+0.59* 35.2+0.32*
PDL (length pm) 2096.8+0.95 2035.2+0.86 325.5+0.97* 894.7+0.63*
PDL (width pum) 263.1+0.63 261.8+0.93 46.08+0.40* 102.9+0.78*
SEL (length pum) 63.9+0.22 123.4+0.34* - -

SEL (width pm) 16.02+0.23 20.47+0.12 - -

SDL (length pm) 63.3+0.62 116.01+0.18* - -

SDL (width pm) 30.2+0.30 15.440.22* - -

- indicated that no SEL or SDL were found on each camel or cow foot. * Indicated a significant difference at P<0.05 between
the lamellae of animals with odd-toed and even-toed feet.
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Discussion

The connection between the fully keratinized cells of the
SEL and the partially keratinized cells of the PEL showed
strong and well-established bonds. This indicates that
structures similar to the SEL may have a crucial function in
enhancing the connection between the dermo-epidermal
interaction tissues and the third phalanx’s periosteum surface
(16,17). This implies that the exterior structure of the hoof
capsule is linked to the function and form of the interior parts
of the capsular wall hoof (14-18). Also brought attention to
the significance of the relationship between the form of the
hoof and the pattern of architecture of hoof lamellae. For
example, the growth and division of the SEL contribute to
applying force on the attachment of the third phalanx
(19,20). Additionally, the hoof lamellae, which are weight-
bearing tissues, can have different shapes depending on the
biomechanical force applied. This is because the length and
branching of secondary epidermal lamellae affect the
mechanical force on the distal phalanx's attachment (20).
Wang (21) suggests that the Kkeratin structure has a
morphology that endorses the development of vast strain-
transition interfaces. Furthermore, it has been confirmed that
the tubules existing in the structure considerably impact the
growth of twisting cracks. The lamellae were produced by
the organization of basal cells displaying a downward and
inward inclination, whereas the Keratinization process
occurred within a limited spatial extent (19). In the early
stages of development, keratinocytes located close to the
basal layer are probable, whereas those situated at a greater
distance or beyond the basal layer are likely to be in the later
stages of differentiation. The observed pattern of cell
migration and differentiation aligns with the findings of
Eurell (4), which indicate that epidermal basal cells undergo
distinct differentiation processes when they migrate over a
significant distance and traverse a substantial stratum
spinosum. According to Aughey (22), after complete
keratinization, the cells undergo a loss of their nuclei,
resulting in the formation of the stratum corneum within the
intertubular horn of the stratum medium. Consequently, the
cells located in the outer layer of the stratum internum,
known as the primary lamellae, had a lower degree of
keratinization. Cells closer to the stratum medium exhibited
higher keratinization, whereas cells located further inside the
stratum medium showed a lower degree of keratinization.
Rouse (23) stated that the process of cell division followed
by cornification is similar to the creation of hard keratin seen
in many structures such as quills, wool, hairs, nails, hooves,
and claws. Within the middle layer, keratinization was
observed throughout, and the PEL was often fully formed.
The findings are probably connected to the nature and
process of hoof growth, suggesting that modifications in the
dermal papillae and/or dermal lamellae of the dermal tissues
aim to enhance surface attachment inside the inner hoof (20).
DL were vascularized connective tissues encompassing
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arteries and veins. This link might facilitate communication
between the epidermal cells and the blood vessels in the
dermis's inner layer (14). Therefore, any malfunction in this
link results in discomfort and lameness in the foot (23). The
suspensory system and supporting components are essential
for the bovine and horse foot (24-30). The study on the even-
toed angulate revealed that the basal cells in the stratum
internum’s primary lamellae had lower keratinization levels
than those located farther from the basal cells. The germinal
basal cells placed at the tip of the stratum internum are
responsible for forming the PL (31,32). The PEL was
composed solely of Kkeratinized cells that became
increasingly separated as they underwent keratinization (33-
36). The findings above are expected to be linked to the
attributes and mechanisms of hoof development (37,38).
According to Al-Agele (14), the dermal papillae and/or
lamellae modifications of the dermis are designed to improve
the connection between the surface and the inner hoof and/or
claw (39-41).

Conclusions

The morphometric data of PEL and SEL in odd-toed
animals and the presence only of PEL in even-toed animals,
along with the differences in the architectural morphology of
each type of lamellae, provide new evidence regarding this
variable configuration and interdigitation between dermo-
epidermal interconnection. These data add further
knowledge to the framework exploring the role of this
architectural design in hoof morphology. However, these
results, while still in their infancy, might explain the
development of hoof diseases in the future.

Acknowledgments

We appreciate the assistance provided by my institution
at the University of Diyala.

Conflict of interest
There are no conflicts of interest.
References

1. Hamrick MW. Development and evolution of the mammalian limb:
adaptive diversification of nails, hooves, and claws. Evo Devo.
2001;3(5):355-363. DOI: 10.1046/].1525-142X.2001.01032.x

2. Vincelette AR, Renders E, Scott KM, Falkingham PL, Janis
CM. Hipparion tracks and horses' toes: the evolution of the equid single
hoof. R Soc  Open  Sci. 2023;10(6):230358.  DOI:
10.1098%2Frs0s.230358

3. Bragulla H, Hirschberg RM. Horse hooves and bird feathers: Two
model systems for studying the structure and development of highly
adapted integumentary accessory organs—the role of the dermo-
epidermal interface for the micro-architecture of complex epidermal
structures. JEZ-B. 2003;298B(1):140-151. DOI: 10.1002/jez.b.31

4. Eurell, J. A. & Frappier, B. L. Dellmann's textbook of veterinary
histology, 6" ed. Oxford: John Wiley & Sons; 2013. 343-347p.

avialable at



https://doi.org/10.1046/j.1525-142X.2001.01032.x
https://doi.org/10.1098%2Frsos.230358
https://doi.org/10.1002/jez.b.31
https://books.google.com/books?hl=en&lr=&id=GqiXUD__wwIC&oi=fnd&pg=PA7&dq=Dellmann%27s+textbook+of+veterinary+histology&ots=e_n4cGh9dq&sig=H3okl9XnlghfhzkY41xgh7vE7Ew

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Iragi Journal of Veterinary Sciences, Vol. 38, No. 3, 2024 (701-706)

Al-Agele R. The Study of Histological Observations of Ovine Claw
Coronary Region and the Architecture Morphology of Arterial
Anastomosis of This Area. Ataturk University J Vet Sci.
2020;15(1):14-21. DOI: avialable at

Maiolino S A, Kingston AK, Lemelin P. Comparative and Functional
Morphology of the Primate Hand Integument. In: Kivell T., Lemelin P.,
Richmond B., Schmitt D. (eds) The Evolution of the Primate Hand.
Developments in Primatology: Progress and Prospects. New York:
Springer; 2016. 195-224p. DOI: 10.1007/978-1-4939-3646-5_8
Akbari Shahkhosravi N, Kakavand R, Davies HM, Komeili A. The
influence of equine hoof conformation on the initiation and progression
of laminitis. Equine Vet J. 2023; 55(5):862-871. DOI:
10.1111/evj.13887

Tombolato L, Novitskaya EE, Chen PY, Sheppard FA, Mckittrick J.
Microstructure, elastic properties and deformation mechanisms of horn
keratin. Acta Biomater. 2010;6(2):319-330. DOI:
10.1016/j.acthio.2009.06.033

Pollitt C, Collins S. The suspensory apparatus of the distal phalanx in
normal horses. Equine Vet J. 2016;48(4):496-501. DOI:
10.1111/evj.12459

Gerard MP. Anatomy and Physiology of the Equine Foot. Vet Clin
Equine Pract. 2021;37(3):529-548. DOI: 10.1016/j.cveq.2021.07.002
Nahas AE, Almohamad Z, Hagag U. Ultrasonography, computed
tomography and magnetic resonance imaging of the dromedary camel
distal limbs. BMC Vet Res. 2024;20(1):1-9. DOI: 10.1186%2Fs12917-
023-03855-2

Ramsay EC, Henry RW, Csuti B, Sargent E, Bechert U. Anatomy of
the elephant foot. Ames: lowa State University Press; 2001. 9-12p.
[available at

Al-Mallah KH. Pathological study of the relation between the
incidences of claws lesions and carpo-digital joint capsule lesions in
front limbs of sheep slaughtered in Mosul. Iragi J Vet Sci.
2021;35(4):693-697. DOI: 10.33899/ijvs.2021.127788.1530

Al-Agele R, Paul E, Taylor S, Watson C, Sturrock C, Drakopoulos M,
Atwood RC, Rutland CS, Menzies-Gow N, Knowles E, Elliott J.
Physics of animal health: on the mechano-biology of hoof growth and
form.J R Soc Interface. 2019;16(155):1-12. DOI:
10.1098/rsif.2019.0214

Suvarna KS, Layton C, Bancroft JD. Bancroft's theory and practice of
histological techniques E-Book. 8" ed. China: Elsevier Health
Sciences; 2018. 126 p. [vailable at

Redden RF. Hoof capsule distortion: understanding the mechanisms as
a basis for rational management. Vet Clin North Am Equine Pract.
2003;19(2):443-462. DOI: 10.1016/S0749-0739(03)00027-0
Faramarzi B. Morphological spectrum of primary epidermal laminae in
the forehoof of Thoroughbred horses. Equine Vet J. 2021;43(6):732-
736. DOI: 10.1111/j.2042-3306.2010.00337.x

Lazarus BS, Luu RK, Ruiz-Pérez S, Bezerra WBA, Becerra-Santamaria
K, Leung V, Durazo VHL, Jasiuk I, Barbosa JD, Meyers MA. Equine
hoof wall: Structure, properties, and bioinspired designs. Acta
Biomater. 2022;151(1):426-445. DOI: 10.1016/j.actbio.2022.08.028
Thomason J, Faramarzi B, Revill MA, Sears W. Quantitative
morphology of the equine laminar junction in relation to capsule shape
in the forehoof of Standardbreds and Thoroughbreds. Equine Vet J.
2008;40(5):473-480. DOI: 10.2746/042516408X313652

Davies, H., Philip, C. & Merritt, J. S. Functional anatomy of the equine
digit: determining function from structure. Equine Podiatry. St. Louis:
Saunders Elsevier; 2007. 25-41 p. DOI: 10.1016/B978-072160383-
4.50006-2

Wang B, Zhou B, Zhang X, Wang B. Microstructure and mechanical
properties of an alpha keratin bovine hoof wall. J Mech Behav Biomed
Mater. 2020;104(1):103689. DOI: 10.1016/j.jmbbm.2020.103689
Aughey E, Frye F. Comparative veterinary histology with clinical
correlates. Illustrate, FL, USA: CRC Press; 2001. 280 p. DOI:
10.1201/b15184

Rouse JG, Van Dyke ME. 2010. A review of keratin-based biomaterials
for biomedical applications. Mater. 2010;3(2):999-1014. DOI:
10.3390/ma3020999

705

24.

25.

26.

21.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Refaai W, Gomaa M, Abdelaal AM, Behery AS, Abdelaal A, Abd EI
Raouf M. Prevalence of non-infectious claw disorders in Egyptian dairy
farms in relation to the flooring system. Iraqi J Vet Sci. 2022;36(1):207-
211. DOI: 10.33899/ijvs.2021.129754.1685

Aljobory Al, Jaafar S, Ahmed AS. Using acupuncture and
electroacupuncture in the treatment of laminitis in racing horses: a
comparative study. Iragi J Vet Sci. 2021;35(1):15-21. DOI:
10.33899/ijvs.2019.126217.1263

Benia AR, Selles SM, Benamor N. Morphometric characterization of
purebred Arabian horses for galop racing (born and raised in Algeria).
Iraqi J Vet Sci. 2022;36(4)959-966. DOl:
10.33899/ijvs.2022.132670.2120

Akbar H, Ahmad F, Hayat MA, Khan MA, Tipu MY, Sajjad MT,
Ahmad HM, Khalil F. The role of DMSO and MSM in treatment of
tendinopathies affection in equine: A comparative study. Iragi J Vet Sci.
2022;36(4):861-868. DOI: 10.33899/ijvs.2022.132428.2088

Allouch GM, Al-Wabel MA, Mahmood SK. Anatomical and
morphological study of the petrous bone in camels (Camelus

dromedarius). lragi J Vet Sci. 2023;37(4):839-845. DOI:
10.33899/ijvs.2023.136859.2619
Ali  O0J. Immunolocalization of decorin, a small leucin-rich

proteoglycan, in the normal and injured horse tendon. Iragi J Vet Sci.
2021;35(3):465-471. DOI: 10.33899/ijvs.2020.127017.1436

Al-Anaaz MT, Al-Hyani OH. Palatoplasty using skin autograft and
bovine skin xenograft for reconstituting an induced cleft in the hard
palate of puppies: A comparative study. lragi J Vet Sci.
2024;38(1):147-154. DOI: 10.33899/ijvs.2023.137243.2659

Al-Agele R, Paul E, Dvojmoc VK, Sturrock CJ, Rauch C, Rutland CS.
The anatomy, histology and physiology of the healthy and lame equine
hoof. Veterinary Anatomy and Physiology. ItechOpen, London. 2019;
p13. DOI: avialable at

Alhasso AA, Al-Haaik AG, Yousif MJ. Anatomical study on the stifle
(knee) joint in local breed of Awassi sheep. Iragi J Vet Sci.
2023;37(3):689-696. DOI: 10.33899/ijvs.2023.137053.2633

Alsaad KM, Abdul-Hameed AA. Clinical, hemato-biochemical studies
of equine laminitis in horses in Mosul. Iragi J Vet Sci. 2012;26:169-
178. DOI: 10.33899/ijvs.2020.166893

Dahl VE, Singer ER, Garcia TC, Hawkins DA, Stover SM. Hoof
expansion, deformation, and surface strains vary with horseshoe nail
positions. ANIMAL. 2023;13(11):1872. DOI: 10.3390/ani13111872
Aoun R, Charles I, DeRouen A, Takawira C, Lopez MJ. Shoe
configuration effects on third phalanx and capsule motion of unaffected
and laminitic equine hooves in-situ. PloS One. 2023;18(5):0285475.
DOI: 10.1371/journal.pone.0285475

Lazarus BS, Luu RK, Ruiz-Pérez S, Barbosa JD, Jasiuk |, Meyers MA.
Equine hoof wall deformation: novel aspects revealed. SMALL
STRUCT. 2023;4(10):1-17. DOI: 10.1002/sstr.202200402

Elliott J, Bailey SR. A review of cellular and molecular mechanisms in
endocrinopathic, sepsis-related and supporting limb equine laminitis.
Equine Vet J. 2023;55(3):350-375. DOI: 10.1111/evj.13933
Malacarne BD, Martins RR, Paz CFR, Alves JVA, Dias LA, Cavalcante
MA, Santos AM, Silva AGM, Leise BS, Carvalho AM, Faleiros RR.
Histological comparison of the lamellar tissue of Iberian origin breed
horses created in semi-feral conditions or in an intensive system. PLoS
One. 2023;18(6): 0286536. DOI: 10.1371/journal.pone.0286536
Homberger DG, Ham K, Ogunbakin T, Bonin JA, Hopkins BA, Oshorn
ML, Hossain |, Barnett HA, Matthews I, Kenneth L. The structure of
the cornified claw sheath in the domesticated cat (Felis catus):
implications for the claw-shedding mechanism and the evolution of
cornified digital end organs. J Anat. 2009;214(4):620-643. DOI:
10.1111/j.1469-7580.2009.01068.x

Bowden PE, Henderson H, Reilly JD. Defining the complex epithelia
that comprise the canine claw with molecular markers of
differentiation. Vet  Dermato.  2009;20(5):347-359.  DOI:
10.1111/j.1365-3164.2009.00851.x

Mahrous MA, Chadha C, Robins PL, Bonney C, Boateng KA, Meyers
M, Jasiuk I. Multimodule imaging of the hierarchical equine hoof wall
porosity and structure. JMR&R. 2023;26:5535-5548. DOI:
10.1016/j.jmrt.2023.08.246



https://dergipark.org.tr/en/pub/ataunivbd/issue/54116/634782
http://dx.doi.org/10.1007/978-1-4939-3646-5_8
https://doi.org/10.1111/evj.13887
https://doi.org/10.1016/j.actbio.2009.06.033
https://doi.org/10.1111/evj.12459
https://doi.org/10.1016/j.cveq.2021.07.002
https://doi.org/10.1186%2Fs12917-023-03855-2
https://doi.org/10.1186%2Fs12917-023-03855-2
https://books.google.com/books?hl=en&lr=&id=TfOhMCodD0oC&oi=fnd&pg=PA9&dq=Anatomy+of+the+elephant+foot&ots=vRMFQt5jrP&sig=PqfZqM8t4I9_FwVkmo3bGYD6ksY
https://doi.org/10.33899/ijvs.2021.127788.1530
https://doi.org/10.1098/rsif.2019.0214
http://scholar.google.com/scholar_lookup?&title=Bancroft%27s%20Theory%20and%20Practice%20of%20Histological%20Techniques%20E-Book&publication_year=2018&author=Suvarna%2CKS&author=Layton%2CC&author=Bancroft%2CJD
https://doi.org/10.1016/S0749-0739(03)00027-0
https://doi.org/10.1111/j.2042-3306.2010.00337.x
https://doi.org/10.1016/j.actbio.2022.08.028
https://doi.org/10.2746/042516408X313652
https://doi.org/10.1016/B978-072160383-4.50006-2
https://doi.org/10.1016/B978-072160383-4.50006-2
https://doi.org/10.1016/j.jmbbm.2020.103689
https://doi.org/10.1201/b15184
https://doi.org/10.3390/ma3020999
https://doi.org/10.33899/ijvs.2021.129754.1685
http://www.doi.org/10.33899/ijvs.2019.126217.1263
https://doi.org/10.33899/ijvs.2022.132670.2120
https://doi.org/10.33899/ijvs.2022.132428.2088
https://doi.org/10.33899/ijvs.2023.136859.2619
https://doi.org/10.33899/ijvs.2020.127017.1436
https://doi.org/10.33899/ijvs.2023.137243.2659
https://www.intechopen.com/chapters/65570
https://doi.org/10.33899/ijvs.2023.137053.2633
https://doi.org/10.33899/ijvs.2020.166893
https://doi.org/10.3390/ani13111872
https://doi.org/10.1371/journal.pone.0285475
https://doi.org/10.1002/sstr.202200402
https://doi.org/10.1111/evj.13933
https://doi.org/10.1371/journal.pone.0286536
https://doi.org/10.1111/j.1469-7580.2009.01068.x
https://doi.org/10.1111/j.1365-3164.2009.00851.x
https://doi.org/10.1016/j.jmrt.2023.08.246

Iragi Journal of Veterinary Sciences, Vol. 38, No. 3, 2024 (701-706)

Al s A0V dalal) miliiall ae cllidll JOA (e fEae Gala
A G e aliie Lgasan A5V 5k milba of AL
Alall Adas gl Agdall &5 jaal) i) JCi B @l A
ks ilin Legad il leal) 3 il gall o) Ayl iy
o Aelill LAN (e de sene (e 3R Y) oda (g SE A5l
o pelal LS L 45t LA b, S s it la )y slai 5 43 siial)
sl 5l i (il s el y Juadl clllia ) il
Oe e sil) S 8 Aadall ciliull) pa Laghalii )l A (e Y1
A1) mlial) Ji o) daa 53 A2l alal) il il gl
Aadall el Gkl b de s sall dpacldll LA (e 55
Lo ¢l Lgmndy G S0 ZEa a3 LA 5508 ) Akl
A0V B0 milia 8 ) LA Y] aadl G aaley
Flaall 8 dilan) AYs I3 Gy 25y S W il o Ll
iy abal) Ao g 5 dga @l HlEY) @iy Gl gl mlda o
b Al i Ay G Al J e s 1) slate Agdlal) il
00585 e 5 Jiall L3508 g3 5 311 5l A il alial) <l il gal

il 8 Eall (oal yal ) glai pudy 38 Laa ¢yl yS))

706

il gial) A piliall 4 e A 43 8a 4l )2
L 935 4o il alal) <l g3 Cpa ) gad) <l 63

haad) jedad) ae (g ey

(sl (I daals cghanll Qlall IS daiiY) g ) g g
3l
dLadall

DAl mildal doe g5 Al )y oL sa Al Hall oda (e gl )
(e lball ) daa gl 8 ) sall UL G &DEA I3 (4
4l Al all oyl A g 3l g Agn 3wl bl culd il gall
3l s (ga (e 5 Lgoal aal gl aua) 3 jpeadl g Jsaaldl
FA PN ERRA(F AP ER PROV PN BN BENR TN g
el @l Jlaally JEY) G lld o il ey 5l
Yiail miliall o2 JS58 Al milia o V) (g 5iad Y a3



