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RESUMO.- [Morfometria das lâminas epidérmicas pri-
márias e secundárias do casco de equinos.] Foi estudado 
o comprimento das lâminas epidérmicas primárias e secun-
dárias da pinça e dos quartos lateral e medial, distribuídas 
nos terços proximal, médio e distal dos cascos de equinos. 
Utilizaram-se os membros de oitos cavalos adultos utiliza-
dos para tração de carroças, que não apresentavam afecções 
podais, sendo quatro fêmeas e quatro machos, sem raça de-
finida. Fragmentos foram retirados das diferentes regiões 
dos cascos e submetidos à técnica histológica convencional. 
As amostras foram coradas com H&E e analisadas em mi-
croscópio óptico. As lâminas epidérmicas primárias apre-
sentaram-se maiores nos cascos dos membros torácicos em 
relação aos membros pélvicos nos terços proximal e médio 

e nas regiões do quarto medial e na pinça. As lâminas se-
cundárias foram maiores também no membro torácico no 
terço médio e no quarto medial. Comparando-se o compri-
mento das lâminas epidérmicas entre as regiões do casco, 
observou-se que as lâminas primárias são menores no terço 
proximal e maiores na pinça, enquanto as menores lâminas 
secundárias estão no terço proximal e no quarto medial. Os 
resultados sugerem que a morfologia das lâminas nas diver-
sas regiões do casco sofra influência do trabalho realizado 
pelo animal, assim como, das diferentes distribuições de 
força existentes no mesmo.
TERMOS DE INDEXAÇÃO: Podologia equina, casco, comprimento, 
morfofisiologia, lâminas epidérmicas primárias, lâminas epidér-
micas secundárias.

INTRODUCTION
The equine hoof wall is formed by outer, middle and inner 
layers; the latter can also be called as laminar layer owing 
the presence of dermal and epidermal laminae, which pro-
trude from the inner layer surface of the hoof wall parallel 
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to each other (Pollitt 2004). Primary epidermal laminae 
are larger and keratinized, and give rise to secondary epi-
dermal laminae, which are smaller and non-keratinized 
(Pollitt 1992, Burg et al. 2007). These laminae interdigitate 
with dermal laminae, primary and secondary, and form the 
architecture of the laminar junction

The laminar junction has the attachment function be-
tween the distal phalanx and the hoof wall (Thomason et al. 
2005). Thus the transfer of force between the ground and 
the bony skeleton occurs via hoof wall and laminar junc-
tion (Thomason et al. 2005). This laminar interface helps 
to reduce the stress and ensures a better distribution of the 
impact of the hoof on the ground (Pollitt 2004). The spa-
ces between cell junctions in epidermal laminae allow the 
passage of nutrients, taking the role of capillaries in this 
avascular tissue (Pollitt 1992).

Primary epidermal laminae fill the entire inner surface 
of the hoof capsule, from the coronary band until the ground 
surface, along the circumference of the hoof (Lancaster et al. 
2007). Each primary epidermal laminae gives rise to 20-200 
secondary laminae (Pollitt 2004). Bidwell & Bowker (2006) 
consider that primary epidermal laminae in forelimbs are 
slightly more developed and longer than in hindlimbs.

There is evidence that the stress of laminar junction 
affects the modeling of primary epidermal laminae, deter-
mining a higher laminar density (Thomason et al., 2005). 
Changes in laminar morphology found in healthy horses 
cannot be considered normal or pathological, since it is not 
known whether these findings represent the normal range 
or manifestations of subclinical diseases (Lancaster et al. 
2007). In trotter or English Thoroughbred horses (Thoma-
son et al., 2008), is observed a primary epidermal laminae 
remodeling, induced by stress, but without a complete cha-
racterization of the relationship between stress or strain 
and remodeling process. Redden (2003) mentioned that the 
distortion of a component of the hoof capsule changes all 
other components and adjacent tissues. In this way, the lar-
ge surface area of the connections between the dermal and 
epidermal laminae creates good mechanical strength, but at 
cellular level, these connections are quite fragile and suscep-
tible to ischemia and enzymatic destruction (Redden 2003).

Given the above, it is necessary a better understanding 
of the morphophysiology of the laminar junction for de-
veloping methods for diagnosis and treatment of diseases 
(Lancaster et al. 2007), once equines are fairly dependent 
on an intact, functional and pain-free locomotor system 
(Pollitt 2004). Thus, with this motivation and seeking su-
pport to provide morphological and functional bases, this 
study aimed to depict morphometric aspects relative to 
primary and secondary epidermal laminae of equine hoof.

MATERIALS AND METHODS
We examined limbs of eight adult crossbred horses (four fema-
les and four males) used to pull carts, with 334kg average wei-
ght, and no locomotor disorders. Animals were collected in the 
Large Animal Veterinary Hospital of the University of Brasília af-
ter spontaneous death, and not related to the locomotor system. 
For each animal was used only one limb, forelimb or hindlimb, 
chosen at random. For collecting hooves, distal ends of the limbs 

were disjointed at metatarsophalangeal and metacarpophalange-
al joints to the fore- and hindlimbs, respectively. This study was 
approved by the Ethics Committee on Animal Use of the Biological 
Science Institute of the University of Brasília, under the protocol 
# 51203/2010.

Hooves which had hitherto been preserved by freezing, were 
thawed and sectioned with a band saw according to the protocol 
described by Pollitt (2006), being removed rectangular fragments 
of the hoof wall, with approximately 1cm³ each, containing the 
interface between dermal and epidermal laminae. Samples were 
removed from the toe of the hoof and from the lateral and medial 
quarters of each of them, according to Figure 1.

Fig.1. Diagram representative of equine hoof, dorsal view. Figures 
3A and 3B represented, respectively, PEL and SEL. Similar let-
ters indicate regions with statistical difference between fore- 
and hindlimbs. Figures 3C and 3D represent regions where 
PEL and SEL, respectively, presented longer (↑) or shorter (↓) 
length, considering both fore- and hindlimbs.

Fig.2. Laminar layer showing primary (asterisk) and secondary 
(arrow) epidermal laminae of the hoof of the left forelimb. HE, 
bar = 1000µm.

Fragments of laminar tissue were fixed in 10% formaldehy-
de aqueous solution. After fixation, the laminar interface was se-
parated from the hoof wall and distal phalanx and subjected to 
conventional histological technique: dehydration with increasing 
concentrations of ethyl alcohol, being cleared in xylene, embed-
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ded and impregnated in paraffin. Then blocks were sliced to a thi-
ckness of 4mm using a hand microtome (Leica RM 2125RT). To vi-
sualize and measure epidermal laminae, fragments were stained 
with hematoxylin-eosin (HE). Analysis of slides was performed 
under optical microscope (BX51 Olympus®). It was determined 
the length of primary and secondary epidermal laminae in seve-
ral regions of fore- and hindlimbs, through a digital camera and 
image analysis software (ProgResCapturePro 2.5®) coupled to the 
microscope. The software allows measuring, in µm, histological 
structures analyzed, as represented in Figure 2.

Data were analyzed using the softwares Stat 3.5 and GraphPad 
Prism®5, subjected to Kolmogorov-Smirnov homoscedasticity 
test, checking the normality, and according to the respective cha-
racteristic of data, it was applied Student’s t-test for parametric 
data or Mann-Whitney test for non-parametric data, comparing 
the two regions between fore- and hindlimbs. An analysis of va-
riance (ANOVA) was employed, followed by the Tukey’s test, 
when compared the three regions of the same limb. In statistical 
analyses, we considered p≤0.05 as significantly different.

RESULTS AND DISCUSSION
Histological slides of samples used in this study were pro-
cesses and images of primary and secondary epidermal la-
minae have become feasible for measuring lengths (Fig.2).

The mean and standard error of length of primary epi-
dermal laminae (PEL) considering all samples of fore- and 
hindlimbs was 2596±34.11µm, and the length of seconda-
ry epidermal laminae (SEL) was 151.5±1.694µm. These 
values are in line with the study of Sampaio (2007) who 
reported corresponding values for the control group of the 
respective experiment. Primary epidermal laminae presen-
ted statistical difference relative to proximal and middle 
thirds and between medial quarters and the toe of the hoof, 
considering that these laminae were larger for the forelimb 
than in hindlimb (Fig.3A and 3B).

Secondary epidermal laminae showed statistical diffe-
rence in the proximal third and in the medial quarter, relati-

ve to other regions (Fig.3C and 3D). Likewise PEL, SEL were 
also larger in forelimb than in hindlimb (Fig.3A-D).

Among the measurements for primary epidermal la-
minae for fore- and hindlimbs, it was evidenced that the 
toe of the hoof presented longer PEL in relation to lateral 
and medial quarters, and the proximal third presented the 
shortest PEL in relation to other thirds (Fig.4A and 4B). In 
the same way, a difference was found between thirds and 
quarters in relation to the length of secondary epidermal 
laminae, so that the proximal third and the medial quarter 
were the smallest SEL (Fig.4C and 4D).

In the present study, primary epidermal lamine were on 
average 14.8% longer in the forelimb, as also observed by 

Fig.3. Mean and standard error of lengths of PEL and SEL in 
fore- and hindlimbs. Columns with similar letters indicate re-
gions with statistical difference between hooves of fore- and 
hindlimbs. (A) Length of PEL in proximal, middle, and distal 
thirds of the hoof. (B) Length of PEL in the toe of the hoof and 
in lateral and medial quarters. (C) Length of SEL in proximal, 
middle, and distal thirds of the hoof. (D) Length of SEL in the 
toe of the hoof and in lateral and medial quarters.

Fig.4. Mean and standard error of lengths of PEL and SEL in differ-
ent regions of the hoof. Columns with similar letters indicate re-
gions with statistical difference. (A) h of PEL in proximal, mid-
dle, and distal thirds of the hoof. (B) Length of PEL in the toe of 
the hoof and in lateral and medial quarters. (C) Length of SEL 
in proximal, middle, and distal thirds of the hoof. (D) Length of 
SEL in the toe of the hoof and in lateral and medial quarters.

Sampaio (2007), where this value was 16.5% and associa-
ted to the higher load weight to which forelimbs are subjec-
ted to. Similarly, the length of SEL was longer in forelimbs. 
These results are comparable to those registered by Bi-
dwell & Bowker (2006). Since that increases of bifurcation 
and of length of primary and secondary epidermal laminae 
contribute with variations in laminar joint, it is possible to 
support the idea that the normal laminar apparatus is able 
to respond to mechanical load (Sarratt & Hood, 2005).

Thomason et al. (2008) have associated changes in the 
hoof capsule with changes in the laminar joint, suggesting 
a remodeling of primary epidermal laminae induced by 
stress. Thus, the change of one of the components of the 
hoof capsule alters adjacent structures, once the hoof acts 
as an integrated unit (Redden 2003). This information 
agrees with observations of Sampaio (2007) who mentio-
ned that the length of primary epidermal laminae had been 
related to the load weight borne by the hoof.

Otherwise, problems such as unevenness of the heel or 
elongation of the toe of the hoof, for example, would lead to an 
uneven distribution of the animal weight on the hoof during 
the impact with the surface (Melo et al. 2006). In addition to 
possibly influence the length of primary and secondary epi-
dermal laminae in different regions of the hoof, it is known 
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that asymmetries in weight distribution on the hoof can cau-
se rotation and sliding of distal phalanges (Denoix 1999).

Given these considerations regarding unbalance forces 
acting on the hoof, metric data found herein are in accor-
dance with the expected, once animals employed were 
collected at random and none had been subjected to cor-
rective hoof trimming, explaining the fact that both PEL 
and SEL of the proximal third were shorter in relation to 
other thirds, and PEL of the toe of the hoof were larger, and 
SEL of the medial quarter were shorter. Both primary and 
secondary epidermal laminae presented shorter length in 
the proximal region of the hoof (Fig.4A and 4C), probably 
because laminae are formed from the coronary band and 
continuously increase the hoof wall (Pollit 2004).

CONCLUSION
Metric data found in this study represent an initial proposal 
that suggests an understanding of the architecture of equi-
ne hoof and allow the establishment of parameters that can 
be used as an aid in the diagnosis and prognosis of diseases 
that affect this structure.
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