Journal of Equine Veterinary Science 95 (2020) 103293

Journal of Equine Veterinary Science

Contents lists available at ScienceDirect

journal homepage: www.j-evs.com

Original Research

Do Metal Shoes Contract Heels?—A Retrospective Study on 114 Horses N

Magdalena Senderska-Plonowska **, Paulina Zieliriska b Agnieszka Zak ?,

Tadeusz Stefaniak ¢

Check for
updates

2 Department of Immunology, Pathophysiology and Veterinary Preventive Medicine, Wroclaw University of Environmental and Life Sciences, Wroctaw,

Poland

b Department of Surgery, Faculty of Veterinary Medicine, Wroclaw University of Environmental and Life Sciences, Wrociaw, Poland

ARTICLE INFO

Article history:

Received 25 May 2020

Received in revised form

24 September 2020

Accepted 2 October 2020
Available online 16 October 2020

Keywords:

Heel contraction
Farriery
Barefoot

Horses

Shoeing

ABSTRACT

Heel contraction is an undesired but common condition in domestic horses. Some authors indicate
shoeing as a risk factor. There is a correlation between shoeing and a restriction of heel expansion, but
the clinical significance is unknown. This study aimed to evaluate the influence of shoeing and other risk
factors, such as age, access to paddock, and breed, on heel contraction. This study included 114 horses, 55
of which were barefoot their whole life and 59 had been shod consistently for at least the previous year.
The width and length of the frog were measured. Linear mixed-effects models were performed for the
width:length ratio, where the fixed effects were age, sex, breed, pasture or paddock time, shoeing and its
duration, and limb. The random effects included the horse and the yard. Although heel contraction
occurs more often in shod horses compared with barefoot horses, the difference between the two
conditions was not statistically significant, when other factors were considered. The most important
factors that impacted contraction were individual horse features and breed (P < .001). The effect of age
and a yard was noticed (P < 0,5). The sex, paddock time, and the shoeing and its duration were found not
to have statistical significance. The study concluded that heel contraction is multifactorial problem,
mainly caused by breed and unknown features correlated with individual. It was not confirmed that
horseshoeing causes heel contraction. Because of significant difference in incidence of contraction be-
tween yards, there is a need to further investigation of environmental factors causing this hoof distortion.

© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

A contracted heel is a common issue in domestic horses
observed by farriers, veterinarians, and breeders [1—3]. Front feet
are more often affected by the condition unilaterally or bilaterally
[4]. Heel contraction is a condition characterized by narrowing of
the caudal part of the hoof, including the frog, buttress, and heel
bulbs [4]. There are several methods for assessing contraction. The
heels are found to be contracted if the width of the heel 2.5 inch
(6.35 cm) from the buttress is smaller than the width of the hoof 1
inch (2.54 cm) from the toe [4]. Another method is to compare the
width of the frog to its length, whereby a frog width less than 67% of
the frog length indicates contraction [5]. Several factors contribute
to heel contraction in horses, but most of them are the clinical
observations widely accepted in veterinary and farriery manuals [4]
but without scientific evidence. The few research articles which
indicate a probable reason of this distortion suggest toe angle [6],
ground firmness and amount of movement [7], or contraction of
the superficial or deep digital flexor tendon [8—10]. Some of these
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are congenital malformations, but many contracted heels are ac-
quired because of improper hoof care or environmental conditions,
among other reasons. Improper hoof care may involve leaving an
excess of the toe, excessively high heels, fitting the hoof with
inadequate horseshoes, or irregular periods between shoeing and
trimming [6]. The suspected causal factor of heel contraction in the
study of Hampson et al. [7] was insufficient heel stimulation. It
seems that compromised biomechanics, associated with the
persistent lameness or toe-first landing [4] should also be taken
under consideration.

An evaluation of the heel base is one of five factors critical in the
appraisal of the hoof quality [11]. The caudal part of the hoof is
essential for horse movement because of its impact on the
biomechanics and internal structures. The frog is found between
the buttresses and lies externally, in the caudal part of the hoof. This
structure has a significant impact on the biomechanics of the hoof;
the higher the pressure on the frog, the greater the expansion
under the loading [12—14]. Higher frog pressure is known to relieve
pressure from the hoof walls, an important consideration for hoof
rehabilitation during laminitis and founder [ 15]. However, there are
currently no scientific data concerning the difference in the
biomechanics of contracted and normal hooves. Although horses
with a contracted heel are not always lame, heel contraction is an
undesirable condition. Studies on sport horses show that con-
tracted heels occurred 3.3 times more in horses with hoof pain [16].
The pain seems to be both, a consequence of heel contraction and
its cause. A contracted heel accompanies a small frog, which is more
prone to bacterial and fungal infection. Yet to date, no correlation
has been found between being shod or barefoot and the presence of
thrush [17,18].

It is widely reported that the traditional horseshoe restricts the
heel movement [12—14,19]. The clinical importance of heel re-
striction in shod horses has not been investigated, although some
veterinarians and farriers suggest that shoeing horses with metal
shoes leads to heel contraction [20,21].

Heel contracture has a strong potential to negatively impact the
health of the hoof and therefore the health of the limb in general.
Metal horseshoes are often blamed for causing heel contraction,
especially by natural hoof care practitioners, but no scientific
comparison has to date been made focusing on shod and barefoot
horses. The aim of this study was to investigate the influence of
metal horseshoes on heel contraction and to evaluate other risk
factors (housing, age, breed, and sex) for this condition.

2. Materials and Methods

Data were obtained from 114 horses in 22 voluntarily shared
private yards in different regions of Poland in 2017—2018 (Lower
Silesia: 82 horses, 18 yards; Lesser Poland: 12 horses, one yard;
Warmia-Masuria: 20 horses, three yards). Horses were included in
the study, considered to be sound by their owners or riders,
warmblood, and at least three years old. Younger horses, were not
included in the study, because it is uncommon to shoe horses below
the age of two years. The Thoroughbred was also excluded because
all available horses of this breed were shod. Examined horses were
used as school-riding horses, pleasure horses, and sport horses;
some of the horses were retired; however, the type of work was not
noted. The examined horses were divided into two groups based on
their shoeing; group 1 horses had been kept barefoot their entire
life, and group 2 had been shod with metal horseshoes consistently
for at least the previous 12 months with a clear history of hoof care.
Before the examination, the owner filled out a questionnaire, which
included the name of the horse and its yard, age, sex, breed, usual
pasture or paddock times (less than 4 hours/day; 4—8 h/day,
8—12 hours/day, and more than 12 hours/day), and the duration of
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wearing the horseshoes. The length and width of the frog of all four
hooves of all examined horses were measured by the author (M.S-
P.) using a caliper (VIS Ltd. Poland, accuracy; 0,1 mm, Fig. 1). The
width of the frog was measured between both ends of collateral
grooves, and the length was measured from the central point at the
base of the frog to its apex. In accordance with O’Grady et al [5], the
heels were determined to be contracted if their width was less than
67% of the length. The study involved informed client consent for
inclusion in the study for all prospective research.

2.1. Statistical Analysis

The data distribution was normal in accordance with Shapir-
0—Wilk’s test. The linear mixed-effect model was performed for
width: length ratio; the fixed effects were limb, age, sex, breed,
pasture or paddock time, and shoeing and its duration. Random
effects were horse and stable.

3. Results

One hundred and fourteen horses were assessed. Fifty-five
horses were placed in group 1, and 59 horses were allocated to
group 2, 45 of which shod only on the front feet and 14 horses on
both their front and hind feet. Sixty of the investigated horses were
geldings, 52 were mares, and two were stallions. The breed of all
the horses was recorded. Sixty Polish half-breed horses (excluding
Silesian and Arabian crosses), 21 Silesian horses or crosses, nine
Arabian and Arabian crosses, five Wielkopolska horses, four
Malopolska horses, three Hanoverian horses, and two Trakehner
horses participated in the study. Single KWPN, Quarter Horse, and
Mecklenburgers were also included. Although Polish half-breed
horses were the most numerous breed, they could not be group-
ed because of a lack of uniform breed standard. The Silesian horses
and Silesian crosses and the Arabian horses and Arabian crosses

Fig. 1. Frog measurements; the heels of this specimen are not contracted.
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were the only breeds with uniform characteristics that were suf-
ficient in number to form separate groups.

The results of the number and percentage of heel contractions in
the groups are shown in Table 1. Individual horse features have the
most significant impact on the width:length ratio of the frog when
taking into account other effects in the model (P < .001). The
occurrence of heel contraction differed significantly (P,0.05) in
horses originating from different yards. The width:length ratio
differed significantly (P < .001) in accordance with the position of
the limb (left/right; fore/hind). Although the number of contracted
heels was greater for the right front feet than that for the left front
feet, the mean value of width:length ratio was very similar. In this
study, the left front hoof was used as a reference; the left hind hoof
width:length ratio was on average 0.056 wider than that of the left
front hoof, whereas in the right hind hoof was 0.061, higher than
the left front hoof (P < .001). The second most important factor to
affect heel contraction was breed. The width:length ratio reported
for both Silesian and Arabian horses was significantly greater (P <
.001) than that for the other breeds (0.098 and 0.038, respectively).
Age was found to weakly affect the results (P < .05); the value of the
investigated ratio was on average 0.004 smaller for every one year
increase in age.

We observed the trend (P < .1) between groups depending on
their usual pasture or paddock times, where more heel contraction
occurred in horses with less access to pasture or paddock.

Being shod did not affect the width:length ratio (P > 0,5).
Neither the time of being shod as well as sex were not found to
significantly affect the width:length ratio (P > 0,5).

4. Discussion

The obtained data show that the most important factors for hoof
contraction were attributes of the individual horse. This may mean
that hoof contraction may be affected by features, which were not
measured, for instance, genetics, weight, the environment in pre-
vious yard, or another characteristic of hoof morphology, such as
the toe length or palmar angle, the latter of which has been pre-
viously implicated, whereby a high palmar angle is correlated with
a narrow frog [6,22].

The statistical analysis showed a positive relationship between
shoeing and heel contraction, when determining only the effect of
this factor. This reflects previous anecdotal reports which stress
that shoeing is a large risk factor for hoof distortions. Surprisingly,
the hind hooves of horses, who were shod in front, demonstrated a
lower width:length ratio in comparison with those horses who
were barefoot all round. Shoeing the front hooves undoubtedly
affects the whole body, including the biomechanics of hind hooves.
Nevertheless, we cannot conclude that shoeing the front hooves
impacts heel contraction in hind hooves. It seems that the statistic
evaluation of additional factors considered in this study allows to
explain the causes of heel contraction.

In feral horses, contraction has been reported to affect around
8% of horses [7]. However, research on domestic horses has
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reported incidence of contracted heels as high as the 100% in the
forefeet [2]. In the horses within the study reporting these high
incidence levels of heel contraction, the quality of hoof care
seemed nonsatisfactory, and this fact should be considered as the
cause. The authors did not report a difference between shod and
barefoot hooves, but the lack of confirmed history of individual
horses probably may (at least in part) disturb their allocation to
shod and barefoot groups. In the present study, one limitation was
measuring only the width and length of the frog without
measuring other parameters of the hooves. Although the study by
Schade et al. [2] is the only one found in literature that compares
the heel contraction between barefoot and shod horses, it is
difficult to compare it with the results of the present study
because of the measurement differences. Most studies indicate
higher incidence of contraction than in the present study in
working horses: from 64% [23], 78% [24], 88% [1], and 95% [3].
However, there are few studies assessing heel contraction in shod
horses, which provide results with much lower prevalence of
contraction than previous and the present study. The study of
Labuschagne et. al [2017] suggested that the 15% incidence rate of
heel contracture in Thoroughbreds was likely influenced by the
breed type [25]. Research has also shown that only 11% of team
roping Quarter Horses with lameness and poor performance have
contracted heels [26]. The variances in results indicate the
complexity of the origin of heel contraction, especially the great
difference between contraction rate in shod horses. However, all
domestic horses seem to suffer from hoof contraction more often
than feral horses. To the best of the authors’ knowledge, only one
previously published study has investigated hoof contraction with
respect to the time of shoeing. The findings of the study indicated
that a seven-week shoeing period has a negative impact on
proximal hoof circumference and dorsal hoof wall angle, but that
does not affect the heel width [27]. However, Proske et al. (2016)
indicated that after 40 days of training in horseshoes, the volume
of digital cushion decreased compared with its volume after 40
days of training in barefoot [28]. Some authors believe that a
decreased volume of the digital cushion is connected with
contraction, but this has yet to be proven [29]. Some literature
data indicate that heel extension during movement is limited
because of shoeing [12—14,19]. Because of this, it would seem that
the metal horseshoe would be the greatest risk factor for heel
contraction, but the present study does not indicate this. The most
probable factor is that, in the research previously mentioned,
horses were moving on a hard surface or treadmill [12,13,19]. A
hard surface or a treadmill does not facilitate frog pressure
compared with sand or turf surfaces. There is lack of research
comparing heel movement in shod and barefoot horses in the
surfaces the horses are actually living and working such as grass
paddocks and sandy areas. The second explanation is the small
number of horses with each study as some individuals could react
differently on horseshoes than others.

Maranhao et al. 2007 and Labuschagne et al. 2017 observed the
left forefeet as being more flattened [24,25]. The same tendency

Mean width: length ratio per limb (+standard deviation), number of horses (N), number of hooves (n), and the rate (in bracket) of contracted hooves.

Right Front

Left Hind

Right Hind

Table 1
Group/Limb Left Front
Group 1: Barefoot Mean: 0.666 + 0.14
N =55 n = 26 (47.2%)
Group 2: Shod on front Mean: 0.608 + 0.1

N =45 n =31 (68.8%)
Group 2: Shod on front Mean: 0.540 + 0.09 n = 14 (100%)
and hind N = 14
Total Mean: 0.628 + 0.13
n =71 (41%)

Mean: 0.667 + 0.13

Mean: 0.724 + 0.12

Mean: 0.732 + 0.12

n = 30 (54.5%) n =17 (30.9%) n = 18 (32.7%)
Mean: 0.607 + 0.1 Mean: 0.669 + 0.12 Mean: 0.661 + 0.13
n = 37 (82.2%) n =26 (57.7%) n = 20 (44.4%)
Mean: 0.545 + 0.14 Mean: 0.584 + 0.12 Mean: 0.580 + 0.16
n =13 (92.8%) n =11 (78.5%) n =11 (78.5%)
Mean: 0.629 + 0.13 Mean: 0.685 + 0.13 Mean: 0.685 + 0.14
n = 80 (46.2%) n = 54 (31.2%) n = 49 (28.3%)

3
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was observed in the present study. The right front foot was more
often contracted (95%) than the left (87.6%) foot in the study of
Sampaio et al. 2013 [3]. The left front foot was rarely contracted in
bare hoof horses and those shod only on the front feet, but the
width:length ratio was very similar between the left and the right
feet. The authors suspected that this difference may be connected
with limb dominance in horses. Previous research indicates limb
dominance in the equine population; however, the authors are not
able to explain this connection [30,31]. In the present study, the
preference of the lateralization of tested horses was not noticed.

Two breeds were consistent in their phenotypic characteristic
and sufficiently represented within the sample population, Silesian
horses and their crosses and Arabian horses and their crosses. Both
groups had a higher width:length ratio than the remaining horses
within the study population, especially the Silesian horses. There
are no previously reported data concerning hoof contraction in
these breeds; however, as seen in other studies, the Thoroughbred
seems to be predisposed to collapsed heels rather than to
contraction. In a study assessing only Thoroughbreds, the
contraction occurred in only 15% of horses [25]. It is therefore
evident that breed type is a significant factor for heel contraction.

Age was found to have a negative relationship with the
width:length ratio. The impact of negative factors, such as the
insufficient amount of movement, soft surfaces, or improper hoof
care accumulates during the horse life and may result in contrac-
tion of the heels.

Research on wild horses in Australia indicated that horses living
in sandy, soft terrains exhibit contracted heels more frequently
than horses living in a stony, hard environments [7]. In some yards,
heel contraction occurs more often than in others; however, the
environment in the stables and the time of being housed in certain
stables were not recorded for each horse; therefore, this warrants
further investigation.

Research conducted by Hampson et. al. indicated that the
amount the horse moves affected the width of the frog [7]. In the
present study, the time in the paddock was only close to be sta-
tistically significant. This is most likely due to the fact that only the
time in the paddock was measured, without measuring actual
movement within this time, or the amount of movement during
work.

5. Conclusion

The current findings conclude that heel contraction is a multi-
factorial problem, mainly caused by breed and unknown features
correlated with the individual. The results disputed the popular
myth of metal shoes being main cause of contraction, an important
factor for all hoof-care providers to be aware of. Further research
needs to be conducted on larger groups of well-defined phenotypes
of horses from yards with low and high incidence of heel contrac-
tion to evaluate how they differ in the major factors influencing the
hoof biomechanics.

Acknowledgments

Preliminary results were presented in poster form at Advances
in Equine Internal Medicine, 8—9th June 2018, Wroclaw, Poland and
as a lecture at XIXth International Congress of ISAH, 8—12
September 2019, Wroclaw, Poland. The authors want to thank
Adrianna Prochownik for her help in carrying out the research
project.

Financial disclosure: This research did not receive any specific
grant from funding agencies in the public, commercial, or not-for-
profit sectors.

Journal of Equine Veterinary Science 95 (2020) 103293

Authors’ contribution: M.S-P. contributed to conceptualization,
methodology, validation, investigation, project administration,
writing—review & editing. P.Z. contributed to methodology, vali-
dation, writing—review & editing. A.Z. contributed to validation,
writing—review & editing. T.S. contributed to supervision, wri-
ting—review & editing.

References

[1] do Canto LS, de La Corte FD, Brass KE, Ribeiro MD. Frequéncia de problemas de
equilibrio nos cascos de cavalos crioulos em treinamento. Braz J Vet Res Anim
Sci 2006;43:489.

Schade J, Baldissera R, Paolini E, Fonteque JH. Biometric of podal balance in

draft horses to the Extension Program “Amigo do Carroceiro” do Centro de

Ciéncias Agroveterindrias da Universidade do Estado de Santa Catarina in

Lages/SC, Brazil. Cienc Rural 2013;43:456—61.

Sampaio BFB, Ziccari CESN, Shiroma MYM, Bertozzo BR, Leonel ECR,

Surjus RD, et al. Biometric hoof evaluation of athletic horses of show jumping,

barrel, long rope and polo modalities. Rev Bras Satde Prod Anim 2013;14:

448-59.

Baxter GM, Stashak T, Hill C. Conformation and movement. In: Baxter GM,

editor. Adams & Stashak’s lameness in horses. West Sussex: Wiley-Blackwell;

2011. p. 73—108.

Turner TA, Stork C. Hoof abnormalities and their relation to lameness. Proc Am

Ass Equine Practnrs 1988;34:293—7.

Glade M]J, Salzman RA. Effects of toe angle on hoof growth and contraction in

the horse. ] Equine Vet Sci 1985;5:45—50.

Hampson BA, de Laat MA, Mills PC, Pollitt CC. The feral horse foot. Part A:

observational study of the effect of environment on the morphometrics of the

feet of 100 Australian feral horses. Aust Vet ] 2013;91:14—-22.

Greet TRC, Curtis S]. Foot management in the foal and weanling. Vet Clin

North Am Equine Pract 2003;19:501—17.

Auer JA. Diagnosis and treatment of flexural deformities in foals. Clin Tech

Equine Pract 2006;5:282—95.

[10] Baxter GM. Flexural deformities. In: Baxter GM, editor. Adams & Stashak’s
lameness in horses. West Sussex: Wiley-Blackwell; 2011. p. 1145—54.

[11] O’grady SE. Basic foot care. In: Baxter GM, editor. Adams & Stashak’s lameness
in horses. West Sussex: Wiley-Blackwell; 2011. p. 1179—83.

[12] Brunsting ], Dumoulin M, Oosterlinck M, Haspeslagh M, Lefere L, Pille F. Can
the hoof be shod without limiting the heel movement? A comparative study
between barefoot, shoeing with conventional shoes and a split-toe shoe. Vet ]
2019.

[13] Roepstorff L, Johnston C, Drevemo S. In vivo and in vitro heel expansion in
relation to shoeing and frog pressure. Equine Vet ] 2001;33:54—7.

[14] Colles CM. The relationship of frog pressure to heel expansion. Equine Vet ]
1989;21:13—-6.

[15] Olivier A, Wannenburg ], Gottschalk RD, Van der Linde MJ, Groeneveld HT. The
effect of frog pressure and downward vertical load on hoof wall weight-
bearing and third phalanx displacement in the horse - an in vitro study :
research communication. ] S Afr Vet Assoc 2001;72:217—-27.

[16] Turner TA, Stork C. Hoof abnormalities and their relation to lameness. San
Diego: Proceedings 34th Annu Conv Am Assoc Equine Pr; 1988. p. 293—7.

[17] Booth L, White D. Pathologic conditions of the external hoof capsule. In:
Mansmann RA, Floyd AE, editors. Equine pod. St. Louis: Elsevier Health Sci-
ences; 2007. p. 224-52.

[18] Holzhauer M, Bremer R, Santman-Berends I, Smink O, Janssens I, Back W.
Cross-sectional study of the prevalence of and risk factors for hoof disorders in
horses in The Netherlands. Prev Vet Med 2017;140:53—9.

[19] Yoshihara E, Takahashi T, Otsuka N, Isayama T, Tomiyama T, Hiraga A, et al.
Heel movement in horses: comparison between glued and nailed horse shoes
at different speeds. Equine Vet J 2010;42:431—5.

[20] Strasser H. Shoeing: a necessary evil? Facts every horse owner should know
about shoeing. Qualicum Beach, BC: Sabine Kells; 2000.

[21] Teskey TG. The unfettered foot: a paradigm change for equine podiatry.
J Equine Vet Sci 2005;25:77—83.

[22] Bellenzani R, Célia M, Greve D, Maria ], Pereira C, Augusto M. In vitro
assessment of the equine hoof wall strains in flat weight bearing and after
heel elevation. ] Equine Vet Sci 2007;27:475—80.

[23] De Melo UP, Santiago RMFW, Barréto RA, Ferreira C, Bezerra MB, Palhares MS.
Biometry and hoof balance alterations in horses used to vaquejada. Acta Vet
Bras 2011;5:368—75.

[24] Maranhao RDPA, Palhares MS, Melo, Ubiratan Pereira Rezende HHC,
Ferreira C. Avaliagao biométrica do equilibrio podal de eqiiideos de tracao no
municipio de Belo Horizonte. Cienc Anim Bras 2007;8:297—305.

[25] Labuschagne W, Rogers CW, Gee EK, Bolwell CF. A cross-sectional survey of
forelimb hoof conformation and the prevalence of flat feet in a cohort of
thoroughbred racehorses in New Zealand. ] Equine Vet Sci 2017;51:1—7.

[26] Dabareiner RM, Cohen ND, Carter GK, Nunn S, Moyer W. Lameness and poor
performance in horses used for team roping: 118 cases (2000-2003). ] Am Vet
Med Assoc 2005;226:1694-9.

[27] Malone SR, Davies HMS. Changes in hoof shape during a seven-week period
when horses were shod versus barefoot. Animals 2019;9.

2

3

[4

[5

[6

(7

[8

[9


http://refhub.elsevier.com/S0737-0806(20)30384-1/sref1
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref1
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref1
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref1
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref2
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref2
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref2
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref2
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref2
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref2
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref2
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref3
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref3
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref3
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref3
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref3
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref4
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref4
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref4
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref4
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref4
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref5
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref5
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref5
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref6
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref6
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref6
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref7
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref7
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref7
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref7
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref8
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref8
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref8
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref9
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref9
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref9
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref10
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref10
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref10
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref10
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref11
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref11
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref11
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref11
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref12
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref12
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref12
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref12
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref12
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref13
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref13
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref13
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref14
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref14
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref14
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref15
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref15
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref15
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref15
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref15
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref16
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref16
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref16
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref17
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref17
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref17
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref17
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref18
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref18
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref18
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref18
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref19
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref19
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref19
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref19
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref20
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref20
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref21
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref21
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref21
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref22
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref22
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref22
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref22
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref22
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref23
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref23
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref23
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref23
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref23
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref24
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref24
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref24
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref24
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref24
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref24
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref24
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref24
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref25
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref25
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref25
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref25
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref26
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref26
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref26
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref26
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref27
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref27

M. Senderska-Plonowska, P. Zielifiska, A. Zak et al.

[28] Proske DK, Stutts K], Leatherwood JL, Hammer CJ, Coverdale ], Anderson M]J.
Effects of shoeing on the joints of the lower forelimb and hoof morphology of
mature horses. ] Anim Sci 2016;94:16.

[29] Turner TA. Caudal hoof lameness. In: Mansmann RA, Floyd AE, editors. Equine
podiatry. Philadelphia: Elsevier; 2007. p. 294—312.

Journal of Equine Veterinary Science 95 (2020) 103293

[30] Van Heel MCV, Kroekenstoel AM, Van Dierendonck MC, Van Weeren PR,
Back W. Uneven feet in a foal may develop as a consequence of lateral grazing
behaviour induced by conformational traits. Equine Vet ] 2006;38:646—51.

[31] Murphy J, Sutherland A, Arkins S. Idiosyncratic motor laterality in the horse.
Appl Anim Behav Sci 2005;91:297—-310.


http://refhub.elsevier.com/S0737-0806(20)30384-1/sref28
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref28
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref28
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref29
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref29
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref29
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref30
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref30
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref30
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref30
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref31
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref31
http://refhub.elsevier.com/S0737-0806(20)30384-1/sref31

	Do Metal Shoes Contract Heels?—A Retrospective Study on 114 Horses
	1. Introduction
	2. Materials and Methods
	2.1. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgments
	References


