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graphically assessed changes of
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Hoheres Alter (Uber 25 Jahre), nicht
jedoch eine Adrenocorticotropin-
Konzentration oberhalb des saisonalen
Referenzbereichs ist pradiktiv fur
rontgenologisch diagnostizierte chro-
nische Hufrehe bei alteren Pferden

Endokrinologische Verinderungen in Folge eines equi-
nen Cushing Syndroms (ECS, PPID) sind die hiufigste
Ursache fur Hufrehe bei dlteren Pferden. Ziel dieser
Studie war es, das Vorkommen rontgenologisch diag-
nostizierter, chronischer Hufrehe bei Pferden einer il-
teren Population zu ermitteln. Insgesamt wurden 51
Pferde untersucht. Innerhalb dieses Projektes sollte he-
rausgefunden werden, ob Pferde einer hoheren Alters-
gruppe, einer Gruppe mit Anzeichen von Adipositas
(anhand des «<body condition score», «cresty neck score»)
oder einer ACTH Konzentration oberhalb des saisona-
len Referenzwertes ein hoheres Risiko fiir chronische
Hufrehe haben (Resultate werden als Odds-Ratio (OR)
und Konfidenzintervall (KI) angegeben). Nach Eintei-
lung der Pferde in zwei Gruppen aufgrund des Alters
stellte sich ein signifikanter Zusammenhang heraus,
wobei die Tiere der dlteren Gruppe (26-32 Jahre) ein
erhohtes Risiko fur radiologische Anzeichen chroni-
scher Hufrehe hatten im Vergleich zur jiingeren Gruppe
(15-25 Jahre) (OR 3.33; KI 1.05-10.59). Die anderen
Parameter (Erndhrungszustand, ACTH-Konzentration)
hatten keinen Einfluss auf das Risiko fiir chronische
Hufrehe in dieser Population.

Schliasselworter: Equiden, geriatrisch, Equines Cushing
Syndrom, Hormone, Hufbeinrotation
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Abstract

Endocrinopathic laminitis occurs as a consequence of
hormonal derangements like pituitary pars intermedia
dysfunction (PPID). The objective of the present study
was to assess the occurrence of radiographic changes
associated with chronic laminitis in elderly, clinically
sound horses. Fifty-one horses were included in the stu-
dy. Horses were assigned to different age groups, in
groups according to their BCS and CNS as well as to
groups with different ACTH concentrations in order to
assess their risk of chronic laminitis (reported as odds
ratios (OR) and confidence intervals (CI)). Horses assi-
gned to an older age group (26-32 years) were signifi-
cantly more likely to have radiographically assessed
changes of chronic laminitis than horses in a younger
age group (15-25 years) (OR 3.33; CI 1.05-10.59). The
other variables (body condition score, cresty neck score,
ACTH concentration) were not associated with an in-
creased risk of having laminitic changes in these horses.
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Equine laminitis is one of the most common causes of
severe lameness in horses and an important reason for
euthanasia in older animals. Endocrinopathic laminitis
occurs as a consequence of hormonal derangements like
pituitary pars intermedia dysfunction (PPID) and
equine metabolic syndrome (EMS) 3:8 and early identi-
fication of individuals with increased risk of laminitis
is of great importance. Repeated episodes of subclinical
laminitis have been speculated to precede acute clinical
laminitis %:10:13:17 and Wylie et al. 18 showed that horses
with a history of laminitis are more prone to have fur-
ther laminitic episodes. Since by definition, subclinical
laminitis is not apparent to the observer, such episode
often remain unrecognized by the owners.!” Non-inva-
sive in-vivo diagnosis of subclinical or chronic laminitis
in the absence of clinical signs such as abnormal hoof
morphology, lameness, short stride, turning pain and
increased digital pulses is currently only possible with
the use of radiography. Based on the radiographically
assessed laminitic changes preference is given to the
term chronic over subclinical. Identification of specific
clinical signs or laboratory markers (such as age, body
condition score (BCS), cresty neck score (CNS) or
ACTH concentrations) indicating the likelihood of clin-
ically not apparent, chronic laminitis in aged horses
would therefore allow early recognition of at-risk indi-
viduals. The objective of the present study was therefore
to assess if horses belonging to an older vs. younger age
group, to a higher vs. lower body condition and cresty
neck score group or having ACTH concentrations above
the reference range vs. within the reference range were
more likely to be diagnosed with chronic laminitis based
on radiographic changes. Single odds ratio analysis was

Figure 1: A radiograph showing the measurements of the angles S and T that were used
to calculate angle H (Angle H = Angle T minus Angle S). The angle H in the presented case
was measured as 4°.
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performed to determine whether changes were signifi-
cantly more wiley to be present in these horses.

For this prospective study, horses owned by a founda-
tion for retired equids were examined. The study was
approved by the Animal Experimentation Committee
of the Cantons of Jura and Berne, Switzerland (author-
ization number JU EXPE01/14+). The foundation
«Stiftung fur das Pferd» in les Breuleux, Switzerland,
owned all horses and gave informed consent for study
participation. Horses were kept in three different loca-
tions, but under similar management conditions. Ani-
mals over 15 years of age without clinical signs of acute
laminitis such as lameness, weight shifting, reluctance
to move, turning pain and/or increased digital arterial
pulses were included in the study. A clinical examina-
tion was performed in every horse and body condition
was assessed by a single experienced observer (GC) using
a 9-point body condition score (BCS)¢ and a 5-point
cresty neck score (CNS).1 Blood was collected into glass
EDTA tubes with aprotinin ((BD Vacutainer®, Fa. Bec-
ton Dickinson, New Jersey, USA), centrifuged and the
plasma was frozen immediately. ACTH analyses were
performed using a chemoluminescence immunoassay
(Immulite 2000 XP4i, Siemens AG, Erlangen, Germany)
previously validated for use in horses. Endocrine test-
ing was performed in the first week of July. Radiographs
were taken on both front feet during the first week of
August. Prior to radiography, the horses’ feet were
cleaned using a hoof pick. If present, shoes were not
removed. Horses were placed on a 10,5 cm high wooden
plank and a metal wire of 6 cm in length was attached
to the dorsal hoof wall from the hairline of the coronary
band pointing distally. Lateromedial radiographic views
were obtained. Radiographs were taken using a portable
X-ray machine (GIERTH HF 300, Gierth X-Ray Inter-
national GmbH, Riesa, Germany) with the following
settings: 50 mA, 56 kV and 0,06 s, the film focus dis-
tance was 80 cm. The beam was centered on the sole
and between the dorsal and palmar aspect of the hoof.
Measurements were made by a board certified radiolo-
gist (CP) using eFilm (Merge Healthcare Incorporated,
[llinois, USA). The distal phalanx rotation relative to
the dorsal hoof wall (angle H), coronary extensor dis-
tance (CED) and soft tissue thickness dorsal to the mid-
dle aspect of the distal phalanx (STTM) were measured
and graded as described.2:16 Figure 1 shows a radiograph
with the angles S and T from which angle H is calculat-
ed as described by Cribbs and Eustache.? In order to
classify STTM as normal or not, the following reference
values were used: Hanoverian horses (17,0-19,1 mm)
were used as reference for Warmbloods, Thoroughbreds
(13,9-19,7 mm) for Thoroughbred horses, Freiberger
horses and Haflingers. 2 The occurrence of gas lines,
dropped sole, distal phalanx remodeling and a sinking
coronet were evaluated subjectively according to Pollitt!s
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Tabelle 3: Risk of subclinical laminitis and effect estimates of categorical variables

Categorical variables P-value Odds Ratio 95% CI
AGE (1-2) 0,04 3,33 1,05-10,59
BCS (1-2) 1 1 0,31-3,21
CNS (1-2) 0,32 1,75 0,568-5,32

ACTH>43 - ACTH=<43 0,34 1,72 0,57-5,22

and categorized as present or absent. The angle of the
distal phalanx rotation relative to the dorsal hoof wall
(angle H) was recorded and laminitic changes were de-
fined as an angle H>or=2°2 None of the horses had
radiological signs of laminitis other than rotation of the
distal phalanx and only angle H>or=2° was used to
define chronic laminitic changes in this cohort of hors-
es. The foot with the higher grade was taken into statis-
tical account.

Data was analysed using NCSS (NCSS Analytical Soft-
ware version 12, East Kaysville, Utah, USA). P-values
<0,05 were considered significant. Horses were assigned
to different age groups (using the 50th percentile; AGE
1: 15-25 years of age; AGE 2: 26-32 years of age) and
in groups according to their BCS and CNS (BCS 1 (nor-
mal and thin horses): poor to moderate [1-5]; BCS 2
(obese horses): moderately fleshy to fat [6-9]; CNS 1
(normal horses): no visual appearance of a crest to no-
ticeable appearance of a crest [0-2]; CNS 2 (obese hors-
es): crest enlarged and thickened to crest droops to one
side [3-5]). Horses were furthermore assigned to group
ACTH?>43 if their plasma ACTH concentrations ex-
ceeded 43 pg/ml* whereas the group ACTH=<43 con-
sisted of horses with ACTH concentrations = or <43
pg/ml. Logistic regression models were used calculate
occurrence of chronic laminitis (yes/no - based on an-
gle H>or=2°) in the different groups (AGE 1 vs. AGE
2; BCS 1 vs. BCS 2, CNS 1 vs. CNS 2, ACTH>43 vs.
ACTH=<43), reported as odds ratios (OD) and confi-
dence intervals (CI). Results are displayed as means +
standard deviation (SD) for parametric results and as
medians and ranges for non-parametric data.

A total of 51 horses were included in the study. Horses
were aged between 15 and 32 years (25 £ 4 [mean £ SD])
and there were 26 mares and 25 geldings. The following
breeds were represented: Warmblood horses (n=31),
Freiberger (n=8), Arabian (n=4), Haflinger (n=2),
Quarter horse (n=2), Belgian Draft horse (n=1), Cri-
ollo (n=1), Camargue horse (n=1) and Standardbred
(n=1). The BCS ranged from 3 to 8 (6 £ 1 [mean £ SD])
and the CNS from 1 to 4 (3 £ 1 [mean % SD]). None
of the horses had hypertrichosis or abnormal hair coat
shedding. ACTH values ranged from 7,4-235 pg/ml
(41,3 [median]). Angle H ranged from -3 to 13° (1 [me-
dian]). It was increased in 24/51 horses (2-13°; 3 [medi-
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an]) whereas 27/51 had no evidence of radiographic
changes (-3-1°; 0 [median]).

Horses in group AGE 2 (n=22) were significantly more
likely to have radiographically assessed laminitic chang-
es than horses in group AGE 1 (n=29). There was no
difference in occurrence of chronic laminitis between
the groups BCS 1 (n=17) and BCS 2 (n=34) or CNS 1
(n=25) and CNS 2 (n=26). Horses assigned to group
ACTH>43 (n=26) did not have an increased risk of
having laminitic changes compared to horses with plas-
maACTH concentrations below 42 pg/ml (ACTH=<43;
n=25). All effect sizes of categorical variables on the
risk of having chronic laminitis changes are displayed
in Table 1.

Horse owners experience an increased pleasure at keep-
ing their horses in retirement, often well beyond the age
of 25 years. Knowledge of age-related problems and the
early recognition of diseases enable the implementation
of better management and veterinary care to maintain
the animal in a pain-free status. In this study, belonging
to a higher age group was associated with an increased
risk of chronic laminitis. Horses in the older age group
between 26 and 32 years of age were more likely to have
an abnormal rotation angle than horses in the lower age
group between 15 and 25 years of age. Owners and vet-
erinarians should therefore be aware of the increased
probability of radiographically apparent laminitis in
those animals, even in the absence of clinical signs of
laminitis or PPID. A laboratory biomarker identifying
horses at risk in the subclinical stages of laminitis would
furthermore be of great value, but rotation angles did
not differ between normal horses and horses with in-
creased plasma ACTH concentrations. According to our
results, ACTH therefore cannot be used as such a bio-
marker. Other biomarkers have previously been assessed
in order to identify horses at risk for laminitis or in the
early stages of the disease and include cartilage oli-
gomerix matrix protein’ and plasma citrulline levels.”
However, these new potential biomarkers are currently
not offered by commercial laboratories. Plasma adi-
ponectin, serum basal insulin and post-dexamethasone
insulin levels were identified as risk factors for the de-
velopment of acute episodes of laminitis in ponies with-
out PPID over a three year period!2 and laminitis occur-
rence was predicted with an oral glucose test in ponies
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fed a diet high in nonstructural carbohydrates.!! Insulin
and adiponectin therefore seem to be of greater value
for the prediction of laminitis but if this also applies to
clinically not apparent laminitis remains unknown. The
main limitation of our study is the lack of insulin meas-
urement as a predictor of laminitis. This would have
complemented a recent publication where hyperinsu-
linemia has been documented to correlate with lamini-
tis severity (assessed radiographically), in horses with
moderate and severe PPID,7 but not in animals with
pre-clinical PPID. Further limitations of our study are
the limited number of horses leading to low statistical
power and the lack of a positive control group with
clinical signs of laminitis.

Chronic laminitic changes can be present in the absence
of clinical disease, especially if the horses’ age exceeds
25 years. We think that radiographic changes are related
to early or pre-clinical PPID in this cohort of horses

because this remains the best explanation for the high-
er incidence of laminitis in the old age group but only
ACTH concentrations above the reference range were
not predictive of chronic lamintis. This highlights the
need for other diagnostic markers to predict the risk of
laminitis in aged hoses. Radiographic assessment of aged
horses with suspicion of pre-clinical PPID remains im-
portant as no other diagnostic option for laminitis is
currently available in the absence of clinical signs.
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L'age superieur a 25 ans est prédictif
des modifications de fourbure chro-
nique constatées radiographiquement
chez les chevaux agés, mais pas la
concentration plasmatique d’hormone
adrénocorticotrope ajustée aux
variations saisonnieres

La fourbure endocrinopathique survient a la suite de
troubles hormonaux tels que le dysfonctionnement de
la pars intermedia de I’hypophyse (DPIH). Lobjectif de
la présente étude était d’évaluer les changements radio-
graphiques associés a la fourbure subclinique chez les
chevaux 4gés cliniquement sains. Cinquante et un che-
vaux ont été inclus dans ’étude. Les chevaux ont été
assignés a différents groupes d’4ge, en groupes en fonc-
tion de leur Body Condition Score (BCS) et de leur
Cresty Neck Score (CNS) ainsi que des groupes avec
différentes concentrations d’ACTH afin d’évaluer leur
risque de fourbure chronique (rapportés sous forme de
rapports de cotes (Odds-Ratio, OR) et d’intervalles de
confiance (IC)). Les chevaux faisant partie d’un groupe
d’4ge plus avancé (26 4 32 ans) étaient significativement
plus susceptibles de présenter des signes radiographiques
de fourbure chronique que les chevaux d’un groupe
d’4ge plus jeune (15 a2 25 ans) (OR 3,33; IC 1,05-10,59).
Les autres variables (BCS, CNS, concentration d’ACTH)
n’étaient pas associées a un risque accru de modifica-
tions de type fourbure chez ces chevaux.

Mots clés: équin, gériatrie, dysfonction de la pars intermedia
de I'hypophyse, fourbure subclinique, rotation de la phalange
distale

L'eta superiore ai 25 anni, ma non la
concentrazione dell'ormone adreno-
corticotropo plasmatico superiore
all'intervallo di riferimento stagiona-
le, € indicativa nei cavalli anziani di
una laminite cronica diagnosticata
per radiografia.

La laminite endocrinopatica insorge in quanto conse-
guenza di squilibri ormonali come la disfunzione della
pars intermedia ipofisaria (PPID). Lobiettivo dello stu-
dio qui di seguito era di valutare I’incidenza dei cambi-
amenti radiografici associati alla laminite cronica nei
cavalli anziani, clinicamente sani. Per lo studio sono
stati esaminati 51 cavalli. I cavalli sono stati assegnati a
differenti gruppi di eta, al loro body condition score
(BCS), al loro cresty neck score (CNS) e a gruppi con
concentrazioni di ACTH differenti, in modo da valuta-
re il rischio di sviluppo di una laminite cronica (i risul-
tati sono riportati come odds ratio (OR) e intervallo di
confidenza (CI)). I cavalli appartenenti a un gruppo di
etd piu anziano (26-32 anni) sviluppavano una maggi-
ore probabilita di mostrare dei cambiamenti radiografi-
ci associati alla laminite cronica che il gruppo di caval-
li piti giovani (12-25 anni) (OR 3,33; CI 1.05-10,59). Le
altre variabili (body condition score, cresty neck score
e concentrazione di ACTH) non sono state correlata a
un aumento del rischio di laminite cronica in questa
popolazione.

Parole chiave: equini, geriatrico, disfunzione della pars inter-
media ipofisaria, ormone, rotazione della falange distale
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