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a b s t r a c t 

In humans, hospitalisation, disease type, and environmental factors evidently affect the quality of sleep, 

further influencing patient recovery. The objective of the present study was to report the resting and ly- 

ing behaviour of hospitalised horses, and whether lying behaviours differ depending on the physiological 

severity of joint damage. We hypothesised that the resting and lying behaviour can change during the 

hospitalisation and physiological severity of joint damage affect the time of rest in horses. A descrip- 

tive observational study was performed to evaluate the effect of hospitalisation on the recumbency time 

of 8 adult horses with different degrees of osteoarthritis of the metacarpophalangeal joint. The horses’ 

rest time was monitored using cameras during the first 5 days of hospitalisation. The total time of lat- 

eral recumbency and frequency of recumbency were greater after the 4 th day of hospitalisation ( P < ,05), 

while the total time of sternal recumbency was greater after the 3rd day ( P < 0,05). Furthermore, we 

compared the recumbency time among animals with different degrees of osteoarthritis on the 5 th day of 

hospitalisation. Increased recumbency time in mild osteoarthritis spared the animal’s limb and reduced 

the overload on the affected limb; however, severe osteoarthritis decreased the frequency and time of 

recumbency probably due to greater difficulty during joint flexion in the transition from standing to re- 

cumbency. The severity of disease appeared to affect recumbency time, as horses with mild osteoarthritis 

spent more time in recumbency whilst those with severe osteoarthritis may have been partially sleep- 

deprived because they lay down less. 

© 2021 Elsevier Inc. All rights reserved. 
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. Introduction 

The duration of sleep has been extensively studied in hu- 

ans, providing useful and applicable information for improving 

he well-being of people and physical performance of athletes [1] . 

dequate rest is considered one of the pillars for success in ther- 

peutic approaches and as part of training for athletes to achieve 

ictory. Sleep can be divided into two phases, namely the rapid 

ye movement (REM) or paradoxical phase, where rapid eye move- 

ents occur, along with atony and loss of muscle tone, and the 
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on-rapid eye movement (NREM) phase, where rapid eye move- 

ents do not occur, but muscle hypotonia is present and the heart 

nd respiratory rates are decreased [2] . Complete sleep is charac- 

erised by the cyclic alternation of these phases [3] . 

Being a typical prey species, horses have evolved a sleep pat- 

ern divided into smaller fragments. Horses rest during approxi- 

ately 30 NREM sleep periods lasting 3 –4 minutes each through- 

ut the day [4] . However, to achieve and maintain REM or para- 

oxical sleep, animals must be in recumbency [5] . In horses, this 

hase is also short and lasts approximately 3 –5 minutes. Over- 

ll, totalling the REM and NREM phases, horses sleep for nearly 3 

ours (7% to 15.5% of the 24-hour period), mainly during the night 

6–10] . 

The recumbency time in stable horses has been characterised 

oth during the 24-hour period and night [7–10] . While the re- 

umbency time accounts for 8.2% to 15.5% of the 24-hour period, 

his percentage is higher during the night, reaching 19.9% of the 

ime, and some animals lie down only at night [11] . Under ad- 

quate environmental conditions, most horses experience recum- 

https://doi.org/10.1016/j.jevs.2021.103832
http://www.ScienceDirect.com
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ency at least once a day [8] . However, prolonged recumbency po- 

ition can result in cardiac and respiratory complications or organ 

nd musculature compression [8] . 

Recumbency time has been used as an indicator of environmen- 

al adaptation, well-being, and pain [ 12 , 13 ], and the correlation be-

ween the animals’ sleep pattern and the posture they adopt in 

talls has been reported [14] . Data obtained from ethograms have 

hown a strong correlation of the recumbency time with the NREM 

nd REM sleep times, finding the same sleep times from the data 

btained from electroencephalograms, which indicated the kind of 

ave of each stage [5] . Different factors affect the recumbency 

ime of animals, such as bedding type [15] , bedding depth, pres- 

nce of light in the stall [16] , available lying area [17] and joint

nalgesia [12] . 

The effects of hospitalisation on rest have been described in hu- 

ans [18] as well as in dogs and cats [ 19 , 20 ]; however, the ef-

ects of hospital environment on the physiological parameters of 

orses remain unknown. The type of injury is also important in the 

orse’s choice to lie down, and some diseases, such as laminitis, 

an increase the recumbency time [21] , while the others, such as 

nteroliths and back pain, can limit recumbency [22] . Osteoarthri- 

is (OA) may affect the recumbency time, both in the hospital and 

t home, as it can generate different degrees of lameness and be 

nduced as a consequence of training during the athletic career of 

orses [ 23 , 24 ]. Horses that are unable to lie down and are REM

leep-deprived may present progressive weight loss, falls, excessive 

leepiness, and sores on the dorsal aspect of the fetlock and carpus 

oint [ 22 , 25 , 26 ]. Changes in time and type of weight overload on

ffected limb can damage joint cartilage [27] , as a consequence of 

he lack of recumbency. 

During routine medical care, horses exhibit numerous be- 

avioural and physiological changes due to hospitalisation. How- 

ver, the effects of joint damage severity in hospitalised horses at 

est have never been studied, and whether the hospital environ- 

ent affects the sleep pattern of such horses remains unknown. 

To this end, the objective of the present study was to report the 

esting and lying behaviour of hospitalised horses, and whether ly- 

ng behaviours differ depending on the physiological severity of 

oint damage, which may interfere with treatment and increase 

tress in the hospital environment. We hypothesised that the rest- 

ng and lying behaviour can change during the hospitalisation and 

hysiological severity of joint damage affect the time of rest in 

orses. 

. Material and Methods 

.1. Animals 

Eight Lusitano mares between 5 and 8 years of age and weigh- 

ng between 350 and 520 kg, that were affected by osteoarthritis 

OA) of the metacarpophalangeal joint, were evaluated. 

The animals were untrained and housed in 3.6 × 4 m 

2 stalls 

hroughout the experimental period. Throughout the experimental 

eriod, the mares were fed coast-cross grass hay and water ad li- 

itum , supplemented with commercial horse feed at a proportion 

f 1% of body weight and mineral vitamin compound. They were 

ewormed with a commercial compost based on ivermectin and 

ere housed in stalls at the Equine Sports Medicine Laboratory 

LAMEQ) in a separate building but close to the veterinary hos- 

ital. The present study was approved by the Ethics Committee on 

he Use of Animals (CEUA no. 4047060720) of FMVZ-USP. 

The animals were subjected to lameness, radiographic, and ul- 

rasound examinations to confirm OA and determine disease sever- 

ty. Each examination was performed by a different examiner, and 

ach examiner was unaware of the results of the other examina- 
2 
ion. Each animal was scored based on the results of lameness, ra- 

iographic [28] , and ultrasound examination [29] . 

.2. Experimental Design 

A descriptive observational study was performed to assess the 

ecumbency time during the first 5 days of hospitalisation, imme- 

iately after arriving at the hospital. Furthermore, an observational 

nalytical cross-sectional study was performed to compare the re- 

umbency time among animals with different degrees of OA [30] . 

The animals were brought in pairs in a randomised manner to2 

onitored stables in the hospital environment, without visual or 

uditory contact with the animals in the stalls in which they were 

reviously housed, but with visual and auditory contact with other 

ospitalised horses in the hospital’s routine care. In the monitored 

tables at the veterinary hospital (3.6 × 4 m 

2 ), the animals were 

ubjected to the same food handling and stable cleaning practices 

erformed by the same staff and were provided the same type and 

mount of bedding (approximately 5 cm of sawdust). The light in- 

ide the stables was turned off at night and turned on in the morn- 

ng, if necessary. The animals were maintained in the monitored 

tables for six 6 days; the top half of a divided stable door was 

ept open throughout the day, allowing visual contact with other 

orses. 

.3. Video Image Capture and Analysis 

Video images were recorded for 24 hours during the first 5 days 

f hospitalisation in the animal stables. Cameras that could be ac- 

essed or controlled via the internet, model Intelbras bullet VHD 

120, were installed in the stables. These cameras enable high im- 

ge resolution and are infrared, allowing animal monitoring both 

uring the day and night. This system was coupled to a DVR with 

D 1Tb of four channels to record video images in HD and allow 

he storage of at least 15 days of recordings. The video images were 

acked up in person via a USB port. 

After obtaining the images, the following measurements were 

btained by plotting ethograms ( Fig. 1 ): 

• Wakefulness duration 

• Drowsiness duration 

• Right and left lateral recumbency duration 

• Right and left sternal recumbency duration 

• Frequency of lying down 

.4. Data Analysis 

All statistical analyses were performed by 1 of the authors 

PHET) in the RStudio integrated development environment (Ver- 

ion 4.0.2 [2020-06-22], RStudio, Inc.). The functions and packages 

re presented in the format “function {package}”, and α was con- 

idered 5% in all analyses. 

To examine the OA classificatory exams with the greatest in- 

uence on the recumbency behaviour, multiple regression (“lm 

stats}”) analysis was applied using the scores of radiographic, 

ltrasonographic, and physical examinations as the independent 

ariables. 

To investigate changes in the recumbency behaviour over the 

 evaluation days regardless of the presence of OA and accord- 

ng to the groups based on OA severity, generalised mixed mod- 

ls (“glm {stats}”) were applied using the interaction of time and 

reatment as the fixed effect and horses as the random effect. Box 

harts (“ggplot {ggplot2}”) were created to present the data. 
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Fig. 1. Images of horses showing different stages of rest (A). Wakefulness: The animal is standing, with eyes open and head above the withers. It may be eating or resting 

a limb. (B). Drowsiness: The animal is standing, with eyes open or closed and head below the withers. It cannot be eating and some limb may be flexed. (C). Sternal 

recumbency: The animal has stayed in right or left sternal recumbency, with flexed limbs, eyes open or closed, and muzzle in contact or not with the floor. (D). Lateral 

recumbency: The animal has stayed in right or left lateral recumbency, with limbs extended; the head, chest, and abdomen in contact with the floor; and eyes closed. 

Table 1 

Animal scores evaluated based on radiographic, physical (Silva et al., 2019), and 

ultrasound examaminations and the total of all scores (Yamada et al., 2020). 

Animal 

Radiographic 

Examination 

Score 

Ultrasound 

Examination 

Score 

Phisycal 

Examamination 

Score 

Final 

Score 

1 6 15 8 29 

2 3 8 5 16 

3 4 18 5 27 

4 5 21 8 34 

5 4 13 13 30 

6 7 25 10 42 

7 9 20 14 43 

8 7 13 2 22 
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. Results 

In physical, radiographic, and ultrasound examinations to con- 

rm OA and determine disease severity, the animals presented dif- 

erent degrees of OA and were allocated to two groups: those with 

ild damage, or discrete OA (DOA), and those with moderate-to- 

evere damage, or severe OA (SOA) ( Table 1 ). 

A higher physical examination score significantly reduced the 

ight ( P = .010248) and total ( P = 0.00278) sternal recumbency 

ime, whereas a higher ultrasound examination score significantly 

educed the right lateral recumbency time ( P = 0.02396) ( Table 2 ).

n models with other behaviours, no significant effects were ob- 

erved. 

Regardless of OA severity, the total lateral recumbency time and 

ecumbency frequency were greater after the 4 th day of hospital- 

sation, while the total sternal recumbency time was greater after 

he 3 rd day. The left lateral recumbency time was greater on day 5 
3 
nd the right lateral recumbency time was greater on day 4. The 

eft sternal recumbency time was greater on days 3 and 5, and for 

he right sternal recumbency time was greater only on day 4. The 

otal recumbency time was significantly greater after the 3 rd day 

f hospitalisation. 

Based on the effect of the interaction between time and group, 

he left lateral recumbency (p = 0.03308) and total lateral recum- 

ency (p = 0.020552) time was longer in horses with DOA than for 

hose with SOA ( Figures 2 and 3 ). 

. Discussion 

Regarding the time of recumbency in 24 hours, animals with 

oth DOA (2.9%) and SOA (1.67%) rested in recumbency for a du- 

ation below the expected value for the species on the 1 st day 

f hospitalisation. The animals with DOA reached the recumbency 

ime close to the normal value on the 3 rd day (13.92%), whereas 

hose with SOA reached the maximum recumbency time of 9.02% 

n the 4 th day. In previous animal studies, the average recum- 

ency time of stable horses ranged from 11% to 15.5% [8–10] . In 

he present study, the reduction of recumbency time on the 1 st 

ay of hospitalisation may be explained by the inclusion of ani- 

als housed in the hospital environment, where horse handling 

y the medical team and the presence of sound and light near the 

tables can influence the resting pattern of animals, as previously 

eported [16] . 

Of note, the type and amount of bedding used were the same 

s those in the previous management, minimising the influence of 

his variable. This is important because thin [16] sawdust bedding 

15] is known to shorten recumbency time. As the horses were 

nly transferred to the hospital environment as the intervention, 

ithout changing the nutritional, housing management or han- 
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Fig. 2. Box chart showing the duration (minutes) of sternal and lateral recumbency on both sides (right and left) over 5 days (time-points) in horses with severe osteoarthritis 

(SOA) and discrete osteoarthritis (DOA). Different letters indicate changes over time regardless of the treatment (a > b). ∗Significant difference between groups taking into 

account the interaction of time and treatment. ● indicates outliers; ♦ indicates average. 

Fig. 3. Box chart showing drowsiness score, frequency of recumbency, total duration (minutes) of sternal and lateral recumbency over 5 days (time-points) in horses with 

severe osteoarthritis (SOA) and discrete osteoarthritis (DOA). Different letters indicate changes over time regardless of the treatment (a > b). ∗Significant difference between 

groups taking into account the interaction of time and treatment. ● indicates outliers; ♦ indicates average. 

4 
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Table 2 

Results of multiple regression analysis of the time of right sternal recumbency, right lateral recumbency, and total sternal 

recumbency. 

Right Sternal Recumbency 

Parameters Estimate Standart Error t -Value P -Value Significance 

Intercept 137.918 36.730 3.755 .000612 ∗∗∗

Radiographic examimation 6.699 6.248 1.072 .290747 

Ultrasound examimation -2.671 2.360 -1.131 .265360 

Physical examimation -7.526 2.777 -2.710 .010248 ∗

Right Lateral Recumbency 

Intercept 159.594 54.637 2.921 .00599 ∗∗

Radiographic examimation 12.169 0.9293 1.309 .19867 

Ultrasound examimation -0.8277 0.3511 -2.357 .02396 ∗

Physical examimation -0.3684 0.4132 -0.892 .37845 

Total Sternal Recumbency 

Intercept 242.226 49.906 4.854 2.35 −5 ∗∗∗

Radiographic examimation 2.989 8.489 0.352 .72681 

Ultrasound examimation -2.344 3.207 -0.731 .46962 

Physical examimation -12.121 3.774 -3.212 .00278 ∗∗

∗ P < .05 
∗∗ P < .01 
∗∗∗ P < .001 
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ling staff and available lying area [17] , the observed partial sleep 

eprivation can be attributed to the changing environment and not 

usbandry factors within it. Further studies including hospitalised 

nimals at other locations and with different types of management 

re warranted, as the impact of these factors on the sleep patterns 

f horses may be even greater. 

Sleep is affected by several factors, including familiarity with 

he environment [5] and available lying area [17] . Stressing agents 

n the hospital environment, such as noise and light, can alter 

hysiology and suppress immune response, cardiac function, and 

nflammatory response, which can cause changes in sleep patterns 

n humans [ 18 , 19 ]. Assuming that the clinical status of the horses

emained stable during the 5 days of evaluation, the animals likely 

dapted to the hospital environment and evidently exhibited the 

xpected normal rest behaviours after the 3 rd day of evaluation. 

owever, considering the difference in lateral recumbency between 

he DOA and SOA groups, the possible effects of the pain of horses 

uring the first 5 days of hospitalisation should be considered. 

verall, rest behaviours during the first 3 days of hospitalisation 

ere strongly affected by the hospital environment. 

The total recumbency time during 24 hours was longer in the 

orses with DOA (19.25%) and shorter in those with SOA (7.5%) 

han the previously reported values after the hospital adaptation 

eriod, indicating that the animals with SOA preferred to remain in 

he standing position rather than lying down, as opposed to those 

ith DOA. This can be partially explained by the potential effort 

equired for the horse to stand up after lying down. In horses, at 

he time of assuming recumbency, the first action is the flexion of 

he metacarpophalangeal and carpal joints of the forelimbs [9] . The 

nimals evaluated here presented with OA of the metacarpopha- 

angeal joint, however OA of the other joints may produce differ- 

nt effects on the recumbency time of horses. In the present study, 

e did not evaluate the transition from standing to recumbency, 

r behaviours that may have indicated pain in these animals, how- 

ver significant differences in recumbent behaviours suggest that 

OA influences the occurrences of recumbency. 

The lateral recumbency time was longer in animals with DOA 

han in those with SOA. In general, the animals with DOA tended 

o exhibit longer time and frequency of recumbency. In a previous 

tudy, animals with LPS-induced synovitis exhibited a longer re- 

umbency time than controls at 5 hour after induction [12] ; how- 

ver, the phenotype of acute illness differs from that of chronic 
5 
oint inflammation, and this difference is also important to recum- 

ency time. 

Mild OA increased recumbency time, such that the animal’s 

imb was spared and the overload on the affected limb reduced; 

owever, severe OA decreased the frequency and time of recum- 

ency probably due to greater difficulty during joint flexion in the 

ransition from standing to recumbency. The tendency of increased 

rowsiness in severe cases indicates sleep deprivation, since the 

nimals recumbent less presented greater drowsiness during the 

est of the day. In a previous study, no significant effect of bedding 

r light was identified on the drowsiness time of horses, despite a 

onger drowsiness time during the animals’ acclimatisation to the 

edding substrate [16] . 

Joint overload during exercise may increase the concentration of 

nflammatory cytokines in cases with OA [24] ; however, the extent 

o which recumbency restriction can aggravate OA remains un- 

nown. Our data indicate that animals with SOA spend more time 

tanding, with more time supporting the weight on the affected 

imb; therefore, in these animals, OA may worsen due to the pro- 

onged time of overload on the joint and decreased rest. In addi- 

ion, our findings suggest that lateral recumbency time may serve 

s an additional behavioural indicator for monitoring OA severity 

n horses. Moreover, recumbency behaviour can be predicted based 

n physical and ultrasound examination scores, which may be use- 

ul for determining the severity of OA in hospital environments or 

nimal stud farms. Such indicators may be effective to quantify the 

fficiency of analgesic therapy and improve prognosis. 

Ethograms, as used in the present study, are easy to interpret 

nd can effectively represent the resting patterns of horses. We 

oticed that with ethograms available in the literature, an animals 

as likely to be classified as being in REM sleep (sternal recum- 

ency with the muzzle on the floor) although it was still respon- 

ive to the environment and had its eyes open; thus, we did not 

se those ethograms. We believe that the effects of the hospital 

nvironment can render the characterisation of sleep pattern diffi- 

ult based solely on the position adopted in the stall. In this light, 

e suggest the use of our ethogram to determine the resting pat- 

erns of animals. 

A limitation of the present study is the limited number of 

orses ( n = 8) plus five time points (days 1 –5) and 2 groups (DOA

nd SOA), which created models with less power. Nonetheless, we 

bserved marked differences over time and between groups, taking 
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[

[

[

[

[

[

[  

[  

[

[

[

[

nto account the interaction between treatment and time. Further- 

ore, we did not have access to data on the sleep patterns of the 

ncluded animals before they developed OA (control group); how- 

ver, we could still compare our data with the recumbency times 

escribed in the literature. 

The present study evaluated sleep patterns on only 5 consecu- 

ive days after the animal’s introduction to the hospital environ- 

ent; in other words, a longer adaptation period may allow a 

onger frequency and duration of resting time in horses. Of note, 

owever, all parameters evaluated had stabilised by the 5 th day 

f hospitalisation. Our objective was focused on short-term assess- 

ent, aiming to mimic the most frequent average length of stay 

n our hospital routine. The present findings may further our un- 

erstanding of the resting patterns of OA affected horses in the 

ospital environment, representing relevant information to ensure 

nimal safety, reduce the time of hospitalisation, and promote the 

ell-being of the animal. 

. Conclusions 

Recumbency time of horses was lower at the start of a period 

f hospitalisation than subsequent days. Moreover, the type and 

everity of injury affected the recumbency time, as horses with 

OA spent more time in recumbency, whereas those with SOA 

pent more time in standing because they lie down less and for 

ess time. 

cknowledgments 

We would like to thank the School of Veterinary Medicine and 

nimal Science of the University of São Paulo and Anhanguera Uni- 

ersity of São Paulo for supporting this research trial. 

inancial Disclosure 

This work was supported by FUNADESP [2019-0026-R183]. 

eferences 

[1] Antunes HKM , Andersen ML , Tufik S , Tulio De MM , Paulo S . Privação de sono

e exercício físico. Rev Bras de Med do Esporte 2008;14:51–6 . 
[2] Neves GSML , Giorelli AS , Florido P , Gomes MM . Transtornos do sono : visão

geral Sleep disorders : overview. Rev Bras Neurol 2013;49:57–71 . 
[3] Ruiz FS, Andersen ML, Martins RC, Zager A, Lopes JD, Tufik S. Immune 

alterations after selective rapid eye movement or total sleep depriva- 
tion in healthy male volunteers. Innate Immun 2012;18:44–54. doi: 10.1177/ 

1753425910385962 . 

[4] Morris D . Guia essencial do comportamento do cavalo. Europa-America: Lis- 
boa: Publicações; 1988 . 

[5] Williams DC, Aleman M, Holliday TA, Fletcher DJ, Tharp B, Kass PH, et al. 
Qualitative and quantitative characteristics of the electroencephalogram in 

normal horses during spontaneous drowsiness and sleep. J Vet Intern Med 
2008;22:630–8. doi: 10.1111/j.1939-1676.2008.0096.x . 

[6] Houpt K . The characteristics of equine sleep. Equine Pract 1980;2:8–17 . 

[7] Ruckebusch Y , Barbey P , Guillemot P . [Stages of sleep in the horse (Equus ca-
ballus)]. C R Des Seances de La Soc de Biol et de Ses Fil 1970;164:658–65 . 
6 
[8] Waring GH . Resting and sleep. In: Horse Behavior. Norwich; 2003. p. 442 . 
[9] Dallaire A. Rest behavior. Vet Clin North Am: Equine Pract 1986;2:591–607. 

doi: 10.1016/S0749-0739(17)30708-3 . 
[10] Oliveira T , Jeronimo B , Bogossian P , Medina A , Sasso F , Zanotto G , et al. Sleep-

ing pattern in horses subjected to different husbandry. Preparation 2021. In 
press . 

[11] Chung ELT, Khairuddin NH, Azizan TRPT, Adamu L. Sleeping patterns of horses 
in selected local horse stables in Malaysia. J Vet Behav 2018;26:1–4. doi: 10. 

1016/j.jveb.2018.03.014 . 

12] van Loon JPAM, de Grauw JC, van Dierendonck M, L’ami JJ, Back W, van 
Weeren PR. Intra-articular opioid analgesia is effective in reducing pain 

and inflammation in an equine LPS induced synovitis model. Equine Vet J 
2010;42:412–19. doi: 10.1111/j.2042-3306.2010.0 0 077.x . 

[13] Price J, Catriona S, Welsh EM, Waran NK. Preliminary evaluation of a 
behaviour-based system for assessment of post-operative pain in horses fol- 

lowing arthroscopic surgery. Vet Anaesth Analg 2003;30:124–37. doi: 10.1046/ 

j.1467-2995.20 03.0 0139.x . 
[14] Hartman N, Greening LM. A preliminary study investigating the influence of 

auditory stimulation on the occurrence of nocturnal equine sleep-related be- 
havior in stabled horses. J Equine Vet Sci 2019;82:102782. doi: 10.1016/j.jevs. 

2019.07.003 . 
[15] Pedersen GR, Søndergaard E, Ladewig J. The influence of bedding on the time 

horses spend recumbent. J Equine Vet Sci 2004;24:153–8. doi: 10.1016/j.jevs. 

2004.03.013 . 
[16] Greening L, Downing J, Amiouny D, Lekang L, McBride S. The effect of altering 

routine husbandry factors on sleep duration and memory consolidation in the 
horse. Appl Anim Behav Sci 2021;236. doi: 10.1016/j.applanim.2021.105229 . 

[17] Kjellberg L, Yngvesson J, Sassner H, Morgan K. Horses’ use of lying halls and 
time budget in relation to available lying area. Animals 2021;11:3214. doi: 10. 

3390/ani11113214 . 

[18] Venkateshiah SB, Collop NA. Sleep and sleep disorders in the hospital. Chest 
2012;141:1337–45. doi: 10.1378/chest.11-2591 . 

[19] Lefman SH, Prittie JE. Psychogenic stress in hospitalized veterinary patients: 
causation, implications, and therapies. J Vet Emerg Crit Care 2019;29:107–20. 

doi: 10.1111/vec.12821 . 
20] Hekman JP, Karas AZ, Sharp CR. Psychogenic stress in hospitalized dogs: cross 

species comparisons, implications for health care, and the challenges of evalu- 

ation. Animals 2014;4:331–47. doi: 10.3390/ani4020331 . 
21] Eades S, Fugler LA, Mitchell C. The management of equine acute laminitis. Vet 

Med: Research and Reports 2014:39. doi: 10.2147/VMRR.S39967 . 
22] Bertone JJ. Excessive drowsiness secondary to recumbent sleep deprivation in 

two horses. Vet Clin North Am - Equine Pract 2006;22:157–62. doi: 10.1016/j. 
cveq.2005.12.020 . 

23] Kawcak CE, McIlwraith CW, Norrdin RW, Park RD, Steyn PS. Clinical effects 

of exercise on subchondral bone of carpal and metacarpophalangeal joints in 
horses. Am J Vet Res 20 0 0;61:1252–8. doi: 10.2460/ajvr.20 0 0.61.1252 . 

24] Rasera L, Massoco CO, Landgraf RG, Baccarin RYA. Influência do exercício na in- 
dução da apoptose e necrose das células do líquido sinovial de eqüinos atletas. 

Pesqu Vet Bras 2008;28:231–6. doi: 10.1590/S0100-736X2008000500001 . 
25] Aleman M , Colette WD , Holliday T . Sleep and sleep disorders in horses. AAEP

Proceedings 2008;54:180–5 . 
26] Fuchs C , Kiefner LC , Reese S , Erhard M , Wöhr AC . Equine recumbent sleep de-

privation: effects on mental and physical health. In: Proceedings of the 14th 

International Conference. Equitation Science150 years after Caprilli: theory and 
practice, the full circle. September 21-24, 2018, Rome; 2018. p. 44 . 

27] Norrdin RW , Kawcak CE , Capwell BA . Mcilwraith. Subchondral bone fail- 
ure in an equine model of overload arthrosis. Bone 1998;22:133–9 

1016/s8756-3282(97)00253-6 . 
28] Silva MM, Hagen SCF, Vendruscolo CDP, Baccarin RYA, Spagnolo JD, Ya- 

mada ALM, et al. The correlation between score-based protocol for equine joint 

assessment and subsequent arthroscopic intervention outcomes. Braz J Vet Res 
AnimSci 2019;56:1–13. doi: 10.11606/issn.1678-4456.bjvras.2019.158072 . 

29] Yamada ALM, Pinheiro M, Marsiglia MF, Hagen SCF, Baccarin RYA, da 
Silva LCLC. Ultrasound and clinical findings in the metacarpophalangeal joint 

assessment of show jumping horses in training. J Vety Sci 2020;21:e21. doi: 10. 
4142/jvs.2020.21.e21 . 

30] Grimes DA, Schulz KF. An overview of clinical research: the lay of the land. 

Lancet 2002;359:57–61. doi: 10.1016/S0140- 6736(02)07283- 5 . 

http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0002
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0002
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0002
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0002
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0002
https://doi.org/10.1177/1753425910385962
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0004
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0004
https://doi.org/10.1111/j.1939-1676.2008.0096.x
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0006
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0006
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0008
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0008
https://doi.org/10.1016/S0749-0739(17)30708-3
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0010
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0010
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0010
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0010
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0010
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0010
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0010
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0010
https://doi.org/10.1016/j.jveb.2018.03.014
https://doi.org/10.1111/j.2042-3306.2010.00077.x
https://doi.org/10.1046/j.1467-2995.2003.00139.x
https://doi.org/10.1016/j.jevs.2019.07.003
https://doi.org/10.1016/j.jevs.2004.03.013
https://doi.org/10.1016/j.applanim.2021.105229
https://doi.org/10.3390/ani11113214
https://doi.org/10.1378/chest.11-2591
https://doi.org/10.1111/vec.12821
https://doi.org/10.3390/ani4020331
https://doi.org/10.2147/VMRR.S39967
https://doi.org/10.1016/j.cveq.2005.12.020
https://doi.org/10.2460/ajvr.2000.61.1252
https://doi.org/10.1590/S0100-736X2008000500001
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0025
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0025
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0025
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0025
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00461-5/sbref0027
https://doi.org/10.11606/issn.1678-4456.bjvras.2019.158072
https://doi.org/10.4142/jvs.2020.21.e21
https://doi.org/10.1016/S0140-6736(02)07283-5

	Hospitalisation and Disease Severity Alter the Resting Pattern of Horses
	1 Introduction
	2 Material and Methods
	2.1 Animals
	2.2 Experimental Design
	2.3 Video Image Capture and Analysis
	2.4 Data Analysis

	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgments
	Financial Disclosure
	References


