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Histopathology of dairy cows’ hooves with signs of naturally 
acquired laminitis1

Heloisa M.F. Mendes2, Fernando P. Casagrande2, Ingrid R. Lima2, Cairo H. Souza3, 
Lílian D’. Gontijo4, Geraldo E.S. Alves5, Anilton C. Vasconcelos6 and Rafael R. Faleiros7*

ABSTRACT.- Mendes H.M.F., Casagrande F.P., Lima I.R., Souza C.H., Gontijo L.D’., Alves 
G.E.S., Vasconcelos A.C. & Faleiros R.R. 2013. Histopathology of dairy cows’ hooves with 
signs of naturally acquired laminitis. Pesquisa Veterinária Brasileira 33(5):613-619. De-
partamento de Clínica e Cirurgia Veterinárias, Escola de Veterinária, Universidade Federal 
de Minas Gerais, Campus de Pampulha, Belo Horizonte, MG 31270-901, Brazil. E-mail: 
faleirosufmg@gmail.com

The purpose of this study was to investigate histological changes in dairy cows’ hooves 
with or without injuries from naturally acquired laminitis. Cull cows with no clinical signs 
of hoof abnormalities  (G1, n=9) and those with macroscopic lesions associated with lami-
nitis without (G2, n=23) or with lameness (G3, n=7) were used in the study. After slaughter, 
samples of dermo-epidermal junctions of sole, axial and dorsal regions of the hoof were 
obtained and histologically processed using HE and PAS staining. Congestion, hemorrhage 
and inflammatory infiltrate in the dermis of sole, axial and dorsal regions were blindly and 
semiquantitatively evaluated by the same researcher. Inflammatory infiltrate was evalua-
ted in the dermal laminae of axial and dorsal regions. The morphology of epidermal cells 
and the presence of irregularities in three regions of the basement membrane (BM) length 
were examined using PAS staining. Scores of lesions in different regions of the hoof in the 
same group and in different groups for each region of the hoof were compared using non-
-parametric analyses. Inflammatory infiltrate in the dermis of all regions of the hoof was 
detected in all groups with no significant statistical difference. Cows with no clinical signs 
of hoof abnormalities secondary to laminitis (G1) have inflammation scores and epidermal 
cell changes similar to those of groups with laminitis injuries, suggesting the existence of a 
prodromal phase for this disease in bovines. BM had irregularities with a variable intensity 
along its length, however, with no difference among groups. The pattern of BM irregulari-
ties found has not been reported so far and does not resemble the BM collapse described 
in horses and cattle with induced acute laminitis. Is it concluded that even in the absen-
ce of macroscopic hoof signs associated to laminitis, dairy cows have histological injuries 
compatible with inflammation of the dermo-epidermal junction as in affected animals. Ba-
sement membrane of cows with or without laminitis associated lesions had irregularities 
with an irregular distribution along its length which need to be further studied.
INDEX TERMS: Laminitis, lameness, hoove, dermo-epidermal junction, cattle.
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RESUMO.- [Histopatologia do casco de vacas de aptidão 
leiteira com e sem sinais de laminite naturalmente ad-
quirida.] O objetivo deste trabalho foi investigar as alte-
rações histológicas no casco de vacas leiteiras sem e com 
lesões de laminite, naturalmente, adquirida. Utilizaram-se 
animais de descarte sem lesões macroscópicas no casco 
(G1 n=9) e com lesões macroscópicas associadas à lami-
nite sem (G2 n=23), ou com claudicação (G3 n=7). Após 
o abate, amostras da junção derme-epiderme das regiões 
solear, axial e dorsal do casco foram obtidas e processadas, 
histologicamente, nas colorações de HE e PAS. Avaliou-se, 
semiquantitativamente, às cegas e por um mesmo pes-
quisador, congestão, hemorragia e infiltrado inflamatório 
na derme das regiões solear, axial e dorsal. Avaliou-se in-
filtrado inflamatório na lâmina dermal das regiões axial e 
dorsal. A morfologia das células epidermais e a presença de 
irregularidades em três regiões do comprimento da mem-
brana basal (MB) foram examinadas na coloração de PAS. 
Os escores das lesões nas diferentes regiões do casco no 
mesmo grupo e nos diferentes grupos para cada região do 
casco foram comparados através de análises não paramé-
tricas (P<0,05). Infiltrado inflamatório na derme de todas 
as regiões do casco foi detectado em todos os grupos sem 
diferença estatística (P>0,05). Vacas sem lesões macroscó-
picas secundárias à laminite (G1) apresentaram escores de 
inflamação e alteração de células epidermais semelhantes 
aos dos grupos com lesões de laminite, sugerindo a exis-
tência de fase prodrômica para a doença em bovinos. A MB 
apresentou irregularidades com intensidade variável ao 
longo de seu comprimento (P<0,05), porém, sem diferen-
ça entre grupos (P>0,05). O padrão de irregularidades na 
MB encontrado não foi relatado até o momento e não se 
assemelha ao colapso de MB descrito em equinos e bovinos 
com laminite induzida. Concluiu-se que, mesmo na ausên-
cia de lesões macroscópicas no casco causadas por lamini-
te, vacas leiteiras apresentam lesões histológicas compatí-
veis com inflamação da junção derme-epiderme como em 
animais afetados. A membrana basal de bovinos sem e com 
lesões de laminite apresenta irregularidades com distribui-
ção irregular ao longo de seu comprimento que precisam 
ser melhor estudadas.
TERMOS DE INDEXAÇÃO: Laminite, claudicação, casco, junção 
derme-epiderme, bovinos.

INTRODUCTION
Laminitis is pointed out as the cause of 62% of lameness 
cases in dairy cows (Nocek 1997), is highly prevalent in 
cows subjected to intensive (Ferreira 2003) or extensive 
breeding (Flor & Tadich 2008, Silveira et al. 2009) and cau-
ses significant losses in milk production, which may reach 
1.5kg of milk/day (Warnick et al. 2001).

In spite of its importance, the physiopathology of lami-
nitis remains unclear (Thoefner et al. 2005, Enemark et 
al. 2008). The main causal factor is believed to be ruminal 
acidosis caused by a high carbohydrate diet (Vermunt & 
Greenough 1994, Greenough 2007, Enemark et al. 2008). 
Studies have shown that there is a relationship between 
the amount of starch in the diet and the occurrence of la-

minitis (apud Enemark 2008). Thus, laminitis is currently 
considered a production disease, since it is related to the 
animals’ inability to deal with metabolic demands of a high 
production (Mulligan & Doherty 2008). It is worth mentio-
ning that in addition to the nutritional factor, environmen-
tal conditions play a fundamental role in triggering lamini-
tis (Mülling 2010).

During ruminal acidosis, the death of gram-negative 
bacteria takes place and consequently induces endotoxin 
(lipopolyssacharidae - LPS) release in rumen. These endo-
toxins are absorbed in the ruminal wall, reach the hepatic 
circulation and then the systemic bloodstream, where se-
veral inflammatory effects are triggered such as the activa-
tion of cytokines and acute-phase protein release, throm-
bocytopenia, leukopenia followed by leukocytosis, among 
others (Andersen 2003). These changes would lead to cir-
culatory changes in the digit causing a decrease in nutrient 
and oxygen intake for the epidermis of the hoof. Thus, 
proliferation and differentiation phases of epidermal cells 
would be affected resulting in the formation of a soft stra-
tum corneum with a low quality (Shearer 2006).

The liver plays a role in the detoxification of endotoxins 
before they get to the bloodstream, but it is believed that 
some damage in its function strongly impairs LPS blockade 
allowing them to get to the systemic circulation (Andersen 
2003).

In experimental conditions, acute ruminal acidosis in-
duced an acute inflammatory response in cattle (Gozho et 
al. 2005), but in natural conditions this response was not 
seen (Canizzo et al. 2012). On the other hand, the adminis-
tration of LPS to cattle has not induced laminitis (Andersen 
2003). Thus, the relationship among ruminal acidosis, in-
flammatory response and consequently its effect on lami-
nitis require further investigations.

In horses, several studies have shown the importance 
of inflammatory events in the physiopathology of laminitis 
(Belknap et al. 2009, Faleiros et al. 2009, 2011a, 2011b). 
Findings from these studies suggest that laminitis may oc-
cur as part of the systemic inflammatory response syndro-
me (SIRS), which probably starts by pathogen associated 
molecular patterns (PAMPs) absorbed from intestine sub-
jected to soluble carbohydrate overload (Belknap 2009).

Cattle with laminitis induced by oligofructose develo-
ped histological changes similar to those of horses with 
laminitis, such as inflammation, changes in epidermal cells 
and in the basement membrane of the hoof, among others 
(Thoefner et al. 2005, Danscher et al. 2010). However, it is 
not known which changes occur in naturally affected ani-
mals under real breeding conditions. Animals with signs of 
naturally acquired laminitis are thought to have histologi-
cal changes similar to those of induced laminitis. The pur-
pose of this study was to detect and compare histological 
injuries in the dermo-epidermal junction of sole, axial and 
dorsal regions of the hoof of culling dairy cows with and 
without clinical signs of naturally acquired laminitis.

MATERIALS AND METHODS
Animals and experimental design. Thirty-nine Girolando 

dairy cows from the same herd were used. These animals were 
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confined in the same feedlot for 10 to 12 weeks and were selected 
for slaughter based on a culling annual rate of 10 percent. The 
main reasons for slaughter were mastitis, reproductive problems, 
hoof changes and age.

During their productive phase, the mean production varied 
from 12.3 to 14.6 liters/day/animal and cows were fed with hay 
and corn silage. Milking was mechanical and both the waiting- 
and milking-rooms had concrete floor. A formaldehyde foot bath 
was applied with a variable frequency depending on the time of 
the year and the onset of injuries to the hoof. A preventive trim-
ming was not routinely practiced on the farm. In the feedlot, each 
animal was fed with 13kg of corn silage, 10kg of sugar cane, 4kg of 
commercial feed with 20% of protein and 800g of cottonseed. The 
forage: concentrate ratio was 83:17.

Based on a clinical examination performed 15 to 40 days be-
fore slaughter, animals were divided in three groups. Group G1 
(animals without lameness and without injuries secondary to la-
minitis in the hoof, n=9), G2 (without lameness and with injuries 
associated with laminitis, n=23) and G3 (with lameness and with 
injuries associated with laminitis, n=7).

Clinical evaluation. The degree of lameness was classified by 
the same researcher in a scale of 1 to 5 degrees as suggested by 
Sprecher et al. (1997). To examine the hooves, injuries associated 
with laminitis were considered as those described in Table 1.

Table 1. Macroscopic injuries associated with laminitis 
(Nocek 1997, Mülling 2002, Ferreira 2003, Nicoletti 

2004,Greenough 2007)

	 01- Sole hemorrhage	 10- Sole abscesso
	 02- White line hemorrhage	 11- Heel abscess
	 03- Hemorrhage on the hoof wall	12- White line abscess
	 04- Heel hemorrhage	 13- Soft yellow sole
	 05- Sole ulcers	 14- Double sole
	 06- Toe ulcers	 15- Sand cracks
	 07- White line widening	 16- Cork screw claw
	 08- White line fissures	 17- Stress lines on the hoof (horizontal
	 09- White line disease		  lines)

dominance of epidermal cells with an oval nucleus perpendicular 
to the basement membrane, 1- presence of about 50% of epider-
mal cells with oval nuclei perpendicular to the basement mem-
brane and 50% with round nuclei, 2- predominance of epidermal 
cells with round nuclei, 3- predominance of epidermal cells with 
elongated and flat nuclei or the absence of nuclei).

Basement membrane (BM) was examined throughout its leng-
th in three regions. Scores were graded from 0 to 4 (0- absent, 
1- discrete, 2- light, 3- moderate, 4- marked) according to the in-
tensity of the irregularities. For BM evaluation purpose in the la-
minar regions (dorsal and axial), the length of the epidermal lami-
nae was divided three equal parts from the hoof capsule towards 
the distal phalanx (basal, medium and apical thirds).

Statistical analysis. For the comparison among groups, se-
mi-quantitative variables were considered for each region (sole, 
axial and dorsal) and were compared using the Kruskal-Wallis 
test. Regions of each group were compared using the Friedman 
test. Both analyses were followed by the Dunn test. For all tests, 
the significance level was considered as P<0.05.

Ethics Committee. This research has been approved by the 
Ethics Committee on Animal Research of Universidade Federal de 
Minas Gerais/Brazil (CETEA/UFMG), protocol number 033/2009.

RESULTS
Lesions among groups - HE

There were no differences as for congestion and in-
flammatory infiltrate in the sole dermis and in the dorsal 
dermis among groups, however, hemorrhage in both cases 
was significantly greater in G3 (P<0.05) (Fig.1). In the axial 
dermis, no differences were seen as for congestion, hemor-
rhage and inflammatory infiltrate among groups (P>0.05). 

 Investigated lesions were found in all hoof regions, ex-
cept for hemorrhage which was not detected in the axial re-
gion. The inflammatory infiltrate was particularly found in 
the dermis of all regions from all groups evaluated. Group 

At the time of slaughter, transverse hoof sections of each ani-
mal were obtained from sole, axial and dorsal regions. Fragments 
were cut out until the dermo-epidermal junction was reached 
and in accordance with what was described by Mendes (2010). 
Briefly, hoof pliers were used to remove the excess of stratum 
corneum and then a high profile disposable microtome blade was 
introduced in the direction of the stratum corneum for the dermis 
until it reached the dermo-epidermal junction in each region of 
the hoof to be examined.

Histology. Samples were fixed in 4% buffered formaldehyde 
for 48 hours, dehydrated in rising concentrations of ethyl alco-
hol, immersed in xylol and included in paraffin. Sections of 5µm 
were obtained and stained with hematoxylin and eosin (HE) and 
periodic-acid Schiff (PAS). HE staining was used to evaluate cells 
and tissue structure and PAS allowed evaluation of the basement 
membrane of the epidermal laminae. The same researcher blin-
dly performed a histological analysis using an optical microscope, 
magnification 10x. In HE staining, scores were graded for findings 
related to congestion, hemorrhage and inflammatory infiltrate in 
the dermis of sole, axial and dorsal regions. In addition, inflam-
matory infiltrate was analyzed in the dermal laminae of axial and 
dorsal regions. Scores were graded from 0 to 4 (0-absent, 1-dis-
crete, 2-light, 3-moderate, 4- marked) for each region examined.

The morphology of epidermal cells and the integrity of base-
ment membrane in axial and dorsal regions of the hoof were eva-
luated using PAS staining. Epidermal cells were examined in the 
medium third of laminae. Scores were graded from 0 to 3 (0- pre-

Fig.1. Comparison among groups. Scores for histological injuries 
(congestion, hemorrhage and inflammatory infiltrate) to the 
dermis of sole, axial and dorsal regions of dairy cows’ hooves 
from groups G1, G2 and G3. Comparison of the same hoof re-
gion among groups. Means followed by similar letters do not 
differ statistically among each other (P>0.05). Means followed 
by different letters differ among each other (P<0.05). Mean ± 
standard deviation.
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Fig.2. Histology of the dermo-epidermal junction of dairy cows’ 
hooves. a and a1) dermal inflammatory infiltrate in the dor-
sal region in a cow from group G1; b and c) dermo-epidermal 
junction in axial and dorsal regions, respectively. DL- dermal 
laminae (arrow), EL- epidermal laminae.20x and 10x magnifi-
cation. Hematoxylin and Eosin (HE).

G1 has not differed as for the score of inflammatory infiltra-
te when compared to groups G2 and G3 in the hoof regions 
examined (Fig.1 and Fig.2).

Lesions among hoof regions - HE
When comparing within groups among different hoof 

regions, no difference was found in G1 as for congestion, 
hemorrhage and inflammatory infiltrate (P>0.05). In G2, 
congestion was greater in the sole dermis (P<0.05) and 
there was no difference as for hemorrhage and inflamma-
tory infiltrate. In G3, hemorrhage was greater in the sole 
dermis (P<0.05) and there was no difference as for conges-
tion and inflammatory infiltrate (Fig.3).

As for the presence of inflammatory infiltrate in the 
dermal laminae, although it is present in axial and dorsal 
regions, no difference was seen neither among groups nor 
among the regions studied (P>0.05) (graphs not shown).

Epidermal cells and basement membrane
There was no statistical difference (P>0.05) for mor-

phological changes in epidermal cells among groups in 
the same region, not even among regions within the same 
group. As for BM, no differences were found regarding irre-
gularities found among groups both in the axial and in the 
dorsal regions in any of the three regions studied (P>0.05) 
(graphs not shown).

When comparing different regions of BM (basal, me-
dium and apical thirds) within groups, irregularities on 
the basal third were found to be more pronounced in the 
axial region in G1 than on the medium third (P<0.05). In 
the dorsal region, even with no statistical difference, irre-

gularities were more pronounced on the basal third than 
on the medium and apical thirds. In G2, irregularities were 
more pronounced on the basal third both in the axial and 
in dorsal regions (P<0.05). In G3, irregularities were more 
pronounced on the basal third (P<0.05) both in the axial 
and in the dorsal regions. Thus, irregularities were more 
pronounced on the basal third of both regions (axial and 
dorsal) in all groups studied (Fig.4 and Fig.5).

Fig.3. Comparing regions. Scores for histological injuries (con-
gestion, hemorrhage and inflammatory infiltrate) in sole, 
axial and dorsal dermis of dairy cows of groups G1, G2 and 
G3. Comparing hoof regions among hoof regions of the same 
group. Means followed by similar letters do not differ statisti-
cally among each other (P>0.05). Means followed by different 
letters differ among each other (P<0.05). Mean ± standard de-
viation.

Fig.4. Histology of the dermo-epidermal junction of the dorsal re-
gion. DL- dermal lamina, EL- epidermal lamina, SC- stratum 
corneum, Arrow- basement membrane with variable intensity 
in the irregularities: a and b (apical third), c (medium third), 
d (basal third) 20x magnification. Periodic acid Schiff (PAS).
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DISCUSSION
In the present study, infiltrating leukocytes were found in 
the dermis of all cows (G1, G2 and G3), and 89% of them 
had a score which was equal or higher to two (from 0 to 
4). These findings are in contrast with those in the literatu-
re, when leukocyte infiltration was found in a much lower 
intensity. In a study, 44% of normal individuals have leu-
kocytes within vessels and only two per cent of cells infil-
trate the tissue. But, in 48% of animals with induced lami-
nitis, leukocytes were within vessels and in 10%, they were 
infiltrated in the dorsal region of the hoof (Thoefner et al. 
2005). In another study, animals with induced laminitis did 
not have a significant leukocyte infiltration; however, they 
experienced pain and a positive response to the hoof tes-
ter, indicating that inflammatory mediators may play a role 
even with no evidence of leukocyte infiltration (Danscher 
et al. 2010).

Interestingly, even animals with no hoof injuries (G1) 
have inflammatory infiltrate and congestion in the same 
intensity observed in animals with injuries (G2 and G3). 
Other studies have found histological lesions in absence of 
clinical sings. During the peripartum period, cows kept in 
intensive breeding conditions underwent a modification 
in the collagen expression and deviation of the keratinized 
axis of epidermal laminae in the absence of an injury to the 
hoof. These histological changes are thought to be the cause 
and not the consequence of diseases of the corneum tissue 
of the hoof (Tarlton et al. 2002). Thus, ours and others’ re-
sults suggest the presence of a prodromal phase for lamini-

tis in cattle similar to that of horses, when animals develop 
the disease with no evidence of clinical signs (Pollitt 2007). 

In this work, an experimental design (groups G1, G2 
and G3) has been proposed in order to approach the reality 
found in dairy herds, considering cows with and without 
signs of laminitis. Animals from group G1 made up the con-
trol of the herd studied, once they did not show lameness 
and tissue samples were collected from hoofs which did 
not have any lesion. However, these animals could not be 
considered as a healthy control group, since discrete chan-
ges (sole hemorrhage, white line hemorrhage, hemorrhage 
on the hoof wall, sand cracks and stress lines on the hoof) 
could be found in hooves others than the one from which 
samples were collected. Thus, it is important to know that 
even animals with no injuries (in hoof that samples were 
collected) which are characteristic of laminitis have hoof 
histological changes indicative of this disease.

In horses, macrophages and lymphocytes have been de-
tected in laminar tissues of animals without laminitis, ho-
wever, an increase of monocytes occurred in animals with 
induced laminitis. These findings have shown a potential 
role of the macrophages in complex tissue changes of equi-
ne laminitis (Faleiros et al. 2011a). In cattle, similarly as 
the findings in horses, lymphocyte infiltration was found 
in the sole dermis of animals with no clinical injuries to the 
hoof, however, in a low score in a scale of 1 to 3 (Nilsson 
1963). Thus, we may conclude that animals without cli-
nical injuries in this study (G1) and kept under real bree-
ding conditions, have leukocyte infiltration in the dermo-
-epidermal junction compatible with a more pronounced 
inflammatory condition than normal animals examined in 
other studies (Nilsson 1963, Thoefner et al. 2005, Mills et 
al. 2008, Danscher et al. 2010). Therefore, cellular immuni-
ty is found to play a role in the physiopathology of injuries 
associated with naturally acquired laminitis.

Similar to other studies (Nilsson 1963, Thoefner et al. 
2005, Danscher et al. 2010), basic histological staining te-
chniques were used to evaluate the tissue. Further studies 
using immunohistochemistry cell markers would be be-
neficial in order to classify cells in inflammatory infiltrate. 
In the present study, dermal hemorrhage was a constant 
finding in all groups, but more pronounced in G3. Changes 
on the dermo-epidermal junction, such as hyperemia, he-
morrhage, inflammatory cells of the dermis, morphologi-
cal changes in basal cells, changes in the basal membrane 
among others were diagnosed in cattle with induced (Tho-
efner et al. 2005) or naturally acquired laminitis (Nilsson 
1963). Also, such as hemorrhage, congestion, thrombosis, 
atherosclerosis and leukocyte infiltration have not been 
found in dorsal, coronary, sole and bulbar regions of nor-
mal cow hooves (Mills et al.2009a), but occurred in animals 
with sole ulcer (Mills et al. 2009b). Sole ulcer is typical in-
jury secondary to laminitis and occurs when the production 
of the corneum tissue is damaged (Lischer & Ossent2002). 
Cows with sole ulcers were seen to have histological chan-
ges which are characteristic of the healing inflammatory 
phase. In addition, these changes occur simultaneously 
with the increased expression of interleukins, decreased 
KGF expression (keratinocyte growth factor) and increased 

Fig.5. Graphic results of the survey on irregularities of the base-
ment membrane (BM) in its basal, medium and apical thirds 
of axial and dorsal regions of dairy cows’ hooves classified as 
in groups 1 (G1), 2 (G2) and 3 (G3). Graphs to the left allow 
us to compare BM regions within the same group in the axial 
region of the hoof. Graphs to the right allow us to compare BM 
regions within the same group in the dorsal region of the hoof.



Pesq. Vet. Bras. 33(5):613-619, maio 2013

618 Heloisa M.F. Mendes et al.

KGFR expression (KGF receptor) (Mills et al. 2009b). Thus, 
the importance of inflammatory processes to injuries as-
sociated with laminitis is shown even due to its possible 
influence on the process of hoof keratinization.

Emphasizing the importance of the dermis, biomecha-
nical tests in the hooves of animals with induced laminitis 
have shown that when subjected to strain, the most com-
mon location of separation was the dermis (Danscher et al. 
2010). The dermis is responsible for providing the nutrients 
which are required for the epidermal keratinization process. 
In the absence of an appropriate blood supply, a low quality 
corneum tissue is formed increasing the susceptibility of the 
animal to chemical, physical or biological damages to the 
environment (Tomlinson et al. 2004). In addition, dermal 
fibroblasts play a modulating role in the keratinocyte gro-
wth. An in vitro study has shown that keratinocyte growth 
in hooves depends on fibroblasts, i.e., in its absence the ke-
ratinocyte does not grow (Mills et al. 2009a). Thus, dermal 
injuries observed in natural conditions in this study, such 
as congestion, hemorrhage and inflammatory infiltrate may 
have affected the interaction between fibroblasts and kerati-
nocytes and changed the homeostasis of the hoof epidermis 
resulting in macroscopic injuries associated with laminitis.

The group of injuries involving the corneum tissue of 
the hoof has been known as claw horn disruption (CHD) 
(Hoblet & Weiss 2001) with sole and white line hemorrha-
ges being considered as changes which precede the forma-
tion of CHD (Clarkson et al. 1996). Animals from groups G2 
and G3 have sole (39 and 14%) and white line (30% and 
14%) hemorrhages. Increased congestion and hemorrha-
ge, which are seen histologically, are said to precede clinical 
changes as proposed by Clarkson et al. (1996).

In this study, the axial region was also shown to play 
a role in histological injuries. Not only the sole, but coro-
nary, sole and bulbar regions are affected in animals with 
sole ulcers (Mills et al. 2009b), but there are no reports on 
histopathology of the axial region. Changes in the axial re-
gion were discrete, except for the inflammatory infiltrate, 
possibly indicating that this region is less required and less 
exposed than the others. This is in accordance with fin-
dings from Hinterhofer et al. (2007) that showed that the 
hoof elasticity in this region is more preserved in animals 
with chronic laminitis when compared to the dorsal region 
of the hoof. This characteristic should be associated with 
strength distribution, since axial and dorsal regions are 
histologically similar (Fig.2).

As for the inflammatory infiltrate in dermal laminae, 
no difference was seen between axial and dorsal regions. 
It is worth considering the difficulty to differ inflammatory 
and endothelial cells in this location of the tissue. In hor-
ses  with the use of more specific techniques (immunohis-
tochemistry), recent studies have shown the infiltration of 
neutrophils and macrophages in the primary dermal lami-
nae of animals with induced laminitis (Faleiros et al. 2009, 
2011a) suggesting the importance of these cells in laminar 
changes. The use of more specific techniques may contribu-
te to elucidate this characteristic in bovines.

As for the morphology of epidermal cells, there was 
no difference among groups regarding the same hoof re-

gion, not even among hoof regions within the same group 
(P>0.05) (graphs not shown). Rounding of epidermal cells 
takes place in animals with induced laminitis (Thoefner et 
al. 2005, Danscher et al. 2010), suggesting changes in the 
physiology of keratinocytes. In horses, apoptosis of kerati-
nocytes has been considered an important event in physio-
pathology of induced laminitis (Faleiros et al. 2004). In this 
study, a score medium 1 was given to the morphology of 
epidermal cells in axial and dorsal regions, showing the be-
ginning of the change in the morphology of keratinocytes. 
Thus, it is important to study biochemical and molecular 
characteristics of these cells as well as their behavior to-
wards attacks.

As for the presence of BM irregularities, there were no 
differences among groups in any region evaluated (P>0.05). 
An important histological change in laminitis is basement 
membrane stretching (Thoefner et al. 2005, Danscher et 
al. 2010). No differences were observed in this study re-
garding this change, however, while comparing BM regions 
in the same hoof region and in the same group, irregulari-
ties were shown to be more pronounced in the basal third 
than medium and apical thirds in all hoof regions and in all 
groups, with or without statistical difference (Fig.5).

During the histological evaluation, the presence of ir-
regularities was seen along the BM length which does not 
correspond to descriptions in the literature of BM collapse 
in cattle with induced laminitis (Thoefner 2005, Danscher 
et al. 2010) and in horses (Pollitt 2007). Irregularities ob-
served in this work are invaginations followed by BM eva-
ginations mainly in the basal third and not as a stretching 
or collapse as they have already been described. They seem 
to follow the differentiation and keratinization processes of 
epidermal cells. On the epidermis of bovine soles, BM was 
discontinued and its thinning occurred in animals with sole 
ulcers (Hendry et al. 2003), suggesting that BM changes in 
injuries caused by laminitis. However, this discontinuity is 
not similar to the irregularities observed in this study. For 
these reasons, the scores established for BM study were 
defined arbitrarily based only in the irregularities distribu-
tion detected in this study. Similarly, the scores for conges-
tion, hemorrhage, inflammatory infiltrate and morphology 
of epidermal cells were established arbitrarily because it 
wasn’t possible found a similar study.

It was not possible to correlate these irregularities in 
the BM with the other histological changes found, thus, it 
was not possible to recognize the importance of this fin-
ding in the physiopathology of the changes in the hoof. This 
indicates the need for further studies on changes in the 
bovine basement membrane naturally affected by injuries 
associated with laminitis.

CONCLUSION
Dairy cows may have dermal inflammation and changes in 
epidermal cells from the sole, axial and dorsal regions of 
the hoof even in the absence of any macroscopic signs of 
laminitis. The basement membrane of cows with and wi-
thout macroscopic lesions of the hoof associated with la-
minitis had irregularities along its length characterized by 
invaginations followed by evaginations which does not cor-
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respond to the changes in the basement membrane which 
have been described as laminitis so far. Further studies are 
necessary to elucidate the role that inflammatory events 
and morphological changes in the basement membrane 
play on bovine laminitis.
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