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MepiAngn

H vwtiaia Basdion (NB) eivat n avamtuén akolot-
ag KLNTIKOTNTAG 0 OKUAOUG KAl YATEG, oL ottoloL
ETMElTa amd ofela KAKwon otnv BwpakooUiKN
(©0) xwpa mapéuelvay aparmAnytkol kat xwplig ev
Tw BabeL aioBnon tou aAyoug ota omtiabla akpa. H
NB elval KAWVIKA onPavTLki a@ol gUVOEL TLG EVAA-
AOKTLKEG ETUAOYEG EKTOG TNG guBavaociag ota {wa
autd.

YKoTtdG TOU Ttapovtog dpBpou gival n mapouaoi-
Q0N TWV XApPAKTNPLOTIKWY TOU {WOoU Kal TWV €U-
PNHATWY TNG KALVLKNG KAl VEUPOAOYLKNAG eEETaong
TIou €lval cupPBatd pe auvgnpéveg mBavotnteg ava-
mrtuéng NB, aAAd Kal Ta PETpa TIou PTopel va AdBeL
0 KTNVlaTpog KaL 0 KNSePOVAG Tou {Wou Pe OKOTIO
TNV enitevén Ing.

datvetal wg eAaplTtepa, veapotepa {wa, HE
auénuévo tovo omoBiwv akpwv elvat Lo Tibavo
va avartuéouv NB. Av kat n NB Ttpokuttel au-
Topata, N Loaywyn tou {wou o€ éva Tpdypappa
(PUOLKNG TIOKATACTAONG PTIOPEL VA TIPOETOLPACEL
€Va LOXUPO HUOOKEAETIKO cUOTNUA TIoU va PTtopel
va utootnpi&el tnv mbavr| emepxopevn avarmtuén
™G NB. Mapadoolakeg TeEXVLIKEG elval TO TTaBNTLKO
€VPOG Kivnong, n KwnoloBeparmela kat n paia&n
TWV HUWV KAl 0 GUVSUACHO Pe NAEKTPOSLEYEPDN
HTIOpOoUV Va WPENCGOUV OTO PEYLOTO TO {WoO.

Ttnv BLBALoypagia avapépovtal TTocooTA ETILTU-
xlag otnv emitevén NB 10-59% otoug oKUAOUG ME
TO SLapeco xpdvo va TIoKIAEL aTto 75 PEPEG PEXPL
28 pnveg. MeyaAUtepa toocootd emttuyiag kat pi-
Kpdtepol SLapeaol xpdvol apatnprinkav os {wa
ta otota utoPARBNKav o€ YuolkoBepareia. TLg

Abstract

Spinal walking (SW) is the acquisition of involun-
tary motor function, in dogs and cats, left paraple-
gic and without deep pain perception (DPP) in the
hind legs, following an acute spinal cord injury con-
cerning the thoracolumbar region. SW is clinically
important since it improves the odds of options be-
sides euthanasia in these animals.

This article aims to offer a general view of the
animal signalment and the clinical and neurolog-
ical examination findings that hint at increased
probabilities of developing SW, as well as what ac-
tions the owner and the veterinarian could take to
achieve it.

Studies show that younger and more lightweight
animals with increased muscle spasticity are more
likely to develop SW. Even though recovery of the
motor function occurs spontaneously, the intro-
duction of the animal in a physical rehabilitation
program can help to develop a strong musculo-
skeletal system that can support the acquisition of
SW. Multimodal approaches including traditional
techniques, such as passive range of motion, kine-
siotherapy and massage, as well as contemporary
ones, such as epidural stimulation, prove most use-
ful.

Success rates in developing SW in dogs are, ac-
cording to the present bibliography, 10-59% with
the median time needed for its acquisition vary-
ing between 75 days to 28 months. Higher success
rates and lower median time are observed in an-
imals that followed a physical rehabilitation pro-
gram. In cats, the success rate ranges from 0 to
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YATEG, TO TTOOOOTO AUTO Kupalvetal amo 0-45%, pe
o YNAOTEPO TTIOCOOTO VA AVTLOTOLXEL OTLG YATEG
oL oTtoleg UTIORANBNKav o€ YuolkoBepameia Kat o
HECOG OPOG TOU PECOSLACTHHATOC EPPAVLONG VW-
Tlalag BASLONG OTLG HEAETEG QUTEG Elval 47 PEPEG.
‘Eva {wo to omolo €xeL uttooTel 0&ela KAKWON TOU
vwTLalou JUgAoU, TTapamAnyila Kat amwAELd TG eV
Tw BdabeL aloBnong tou GAyoug Sev TIPETEL VA Ka-
tadikdletat. H NB pmopel umd mpoUmnobéoelg kat
HE TNV BonBeLa evog amopaclopevou KNdepova va
mapdoyel PLa arodektr) otdtnta {wrg oto {wo.

45%, and again higher percentages are observed
with the introduction of physical rehabilitation. The
median time observed in cats is 47 days.

Consequently, an animal suffering an acute
thoracolumbar lesion, which is paraplegic and
without DPP should not be condemned. SW could,
under certain conditions and with the help of a
determined owner, provide the animal with an ac-
ceptable quality of life.

NéEeLg eupetnplou: Kakwoelg Bwpakoouikng polpag vwtialou puehoy, apamAnyla, @uolkoBepareia,

YEVWNATOPAG KEVTPLKWYV TIPOTUTIWV TNG Kivnong

MeSH keywords: thoracolumbar spinal cord segments lesion, paraplegia, physiotherapy, central pattern

generators

Etcaywyn

OL ofeleq KAKWOEeLG NG Bwpakoo@uikig (60)
polpag tou vwtiaiou pughol (NM) eivat cuyveg
ota {Wa CUVTPOPLAG, KAl OL CUVETIELEG TOUG TIOA-
AéC popég pmopel va eival coBapég (Granger &
Carwardine 2014). Ev&éxetal va ipokAnBouv armd
TpoBoAr pecoomovSUALou Siokou (MMA), katay-
pa/umeEapbpnua omovSUAwyY, Tpavua amod &évo
owpa fj M\ attia ocuptieong kat OAdong tou NM
(Olby & Jeffery 2012). H emhoyr tng eubavaociag
w¢ Slaxelplon elval ouyxvr) o€ t€tola TepLoTATL-
K4, kabwg og amouctia tng ev Tw PabBeL aiobnong
Tou dAyoug (EBAA) n mipdyvwon Bewpeitatl Suope-
Vg (Olby et al. 2020). Opwg, cUPPWVA Pe PENETEG
(Gallucci et al. 2017, Lewis et al. 2020) pmopel va
avarttuyBel vwtiala Basion (NB), éva eidog avta-
VAKAQOTIKOU Badlopatog TIou amacyoAel tnv ma-
pouoa avaockomnaon.

H NB eilvat n avamtugén akololag KLvnTkOTNTaAg
TWV OTILOBIWV AKpWV 0 OKUAOUG KaL YATEC TTOU TIa-
pépewvay tapamnAnywkol kat xwplg EBAA emeLta anod
ofela kdkwon otnv ©0 poipa tou NM (Gallucci et
al. 2017). Mo ouykekpLuéva, elval éva €iSog avta-
VakAQoTikoU Badlopatog ou avamntioostat xapn
o€ TIEPLTTAOKEG SUVAHLKEG OAANAETILE pACELG PHETAEV
TOU YEWNTOPA KEVIPLKWY Ttpotunwy (MKM) tng Ki-
vNong twv otodiwv akpwv (pelvic limb locomotor
central pattern generator, CPG) kat tng tSLoSeKTL-
KNG avatpowodotnong amo ta Akpa, Otav €xel
aTWAECBEL 0 AVWTEPOG EAEYXOG TOU EYKEPAAOU ETTL
tou NM Adyw KAakwaong tou teheutaiou (Gallucci
et al. 2017). Avdktnon kamolou Babpuol KWNTLKNG
5paotnpLOTNTAG ETIELTA ATIO KAKWOT TOoU NM €KTOG

Introduction

Acute injuries to the thoracolumbar spinal cord
(SC) are common in companion animals, and their
consequences can often be severe (Granger & Car-
wardine 2014). They may be caused by interverte-
bral disc prolapse, vertebral fracture/dislocation,
foreign body trauma or other causes of spinal cord
compression and contusion (Olby & Jeffery 2012).
Euthanasia is common as a management choice in
such cases, as particularly in the absence of deep
pain perception (DPP), the prognosis is considered
unfavourable (Olby et al. 2020). However, studies
(Gallucci et al. 2017, Lewis et al. 2020) suggest that
spinal walking (SW) can develop, a type of reflex
gait which is the focus of this review.

Spinal walking (SW) is the acquisition of invol-
untary motor function, in dogs and cats, left par-
aplegic and without deep pain perception (DPP) in
the hind legs, following an acute spinal cord injury
concerning the thoracolumbar spine (Gallucci et
al. 2017). More specifically, it is a type of gait re-
flex that develops thanks to complex dynamic in-
teractions between the central pattern generator
(CPG) of hindlimb motion (pelvic limb locomotor
central pattern generator, CPG) and proprioceptive
feedback from the limbs, when higher brain con-
trol over the SC has been lost due to injury to the
latter (Gallucci et al. 2017). Motor activity recovery
of some degree, following a SC injury has been ob-
served in other animal species besides dogs and
cats, such as monkeys, rats, coneys, opossums, pi-
geons and frogs (Rossignol et al. 1996).

This article will focus on cases with an injury in
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» Bivteo 1. MNapamAnywkr ydta katd tn St-
ApKeLa QUOLKOBEpamelag o KUALOPEVO SLa-
Spopo Tou avémtuée vwtiata Basion.

»Video 1. Paraplegic cat during physio-
therapy on an escalator that developed spinal
walking.

_‘

» Bivteo 2. Ostikd to maboloyikd avtava-
KAQOTLKO TNG UTIEPEKTAONG TOU ETEPOTIAEUPOU
omtioBlou dkpou (cross extensor reflex) kata
TNV €KTEAEON TOU QVTAVAKAACTIKOU TNG KA-
¥ng.

» Video 2. Positive cross extensor reflex dur-
ing the testing of the hindlimb flexion reflex.

Spinal walking in dogs and cats

» Bivteo 3. MapamAnywn ydta pe autd-
patn kivnon Bnpatiopol xwplg umootrptén
Bapoug.

» Video 3. Paraplegic cat during spontane-
ous stepping without weight support.

a6 Tov oKUAO Kal TNV yata, €xeL tapatnpnBel kat
o€ AA\a 16N {wwv OTIWG Paipouseg, apoupaloug,
KOVikAoUg, omtdoouy, TEPLOTEPLA KAl BATpayoug
(Rossignol et al. 1996).

To mapdv apBpo, Ba emikevtpwbel ota mepLota-
TWKA PE KAKwon tng ©0 poipag tou NM Ttou €xouv
aTWAEoEL TNV EBAA. ZKOTIOG TNG TTapoUoag HEAETNG
elvaL n EpLypa®r] Tou pawvopévou tng NB, Ta KAL-
VIKA TNG XAPAKTNPLOTLIKA KAl N KALWLKA TN onpa-
ola.

H NB xapaktnpiletat KAiKa amd EMeln cuvto-
VLOPOU TwV oTiloBilwv AKpwV w¢ TIpog Ta ipdacbia,
SuokoAla Twv omobiwv dkpwv Katd tnv aAlayn
KateuBuvong Tou owpatog, SuokoAla otnv kivn-
On TPOG TA ToW, KABWE KAl armd CUXVEG TITWOELG,.
Ol TITWOELG AUTEG TTapaTnpouvVTal KUplwg Katd TLg
OTPOWEG KAl ouvrBwG TIPOG TNV pila TTAELPd, av Kat
Kamola {wa €xouv tnv tAon va mpoomabolv va
amoWUyouV TNV TTWon Aoyw Tng auénuévng oma-
OTLKOTNTAG TOU OUOTOLXOU (AKPOU. Y€ OPLOMEVEG
TIEPLTTTWOELG, Ta {wa PTopel va elvat avikava va
TIPAYHATOTIOL)COUV Kivnon amo poéva toug, OPWG
TO ETILTUYXAVOUV av TIPOoKANBel epeBLOpOG TG Tie-
PLVEIKAG XWwpag pe VUEN tng epLoxng (Lovely et al.
1986, Rossignol et al. 1999). MapoAa autd, apKeTa
{wa €xouv TNV LKavATNTaA Va TIEEPTIATOUV YL TOUAG-
xtotov 10 Brpata, xwplc Borbela kat xwplig mrtw-
o€lG. Kata tn Sudpkela tng Badiong, pmopel va ma-
patnpnBouv Sldyopa eLén kivnong Twv omobiwv
Akpwv. AnAadn, kamota {wa Adyw TNG OTIAOTLKOTN-

the thoracolumbar segment of the SC, that have
lost DPP. The purpose of this study is to describe
the phenomenon of SW, its clinical features and
clinical significance.

SW is clinically characterised by a lack of coordi-
nation of the hindlimbs in relation to the forelimbs,
difficulty of the hindlimbs during the altering of
the body direction, difficulty in moving backwards,
and frequent falls. These falls mainly occur during
turns and usually to one side, although some an-
imals tend to try to avoid falling due to increased
spasticity of the homolateral limb. In some cases,
animals may be unable to perform locomotion
on their own, but they do so if stimulation of the
perineal region is induced by pinching of the area
(Lovely et al. 1986, Rossignol et al. 1999). Neverthe-
less, several animals are able to walk for at least
10 steps unaided and without falling. During walk-
ing, several types of hindlimb movements can be
observed. Specifically, some animals exhibit hyper-
metria due to spasticity of the flexor muscles, while
in other animals, gait and support on the dorsal
surface of the fingers (knuckling) of the hindlimbs
is observed on the ground. Also, animals with SW
usually rest their weight mainly on the forelimbs
when attempting to come to an upright position.
In addition, reflex disturbances are often observed
a few days after the acute injury, taking for exam-
ple the pathological reflex of hyperextension of the
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TAG TWV KAPTITAPWY HUWV ehpavifouv utieppeTpla,
evw o€ AAa {wa tapatnpeitat Badlon kat otrApLEn
otn paytaia empdvela twv SaktUAwv (knuckling)
Twv omoBiwv akpwv oto €8ayog. Eniong, (wa pe
NB cuvrBwg Katd tnv poomadeld Toug va épBouv
oe 0pBLa Béon otnpifouv to BAPOG TOUG KUPLWG
oto Tpdobla akpa. ETUpoobeta, PEPLKEG PEPEC
META TNV o&ela kAkwaon ouyvd Tapatnpouvtat St-
ATAPAXEG TWV AVTAVAKAQOTIKWY, OTIWG yLa Tapd-
Selypa to aboAoyLlkd avTavakAQoTIKO TG UTIEPE-
KTAONG TOU ETEPOTIAEUPOU OTILOBLOU GKPOU KATdA
TNV €KTEAEON TOU AVTAVAKAACTLKOU TNG KApYNG
(cross extensor reflex) (Lewis et al. 2020) (» Bivteo
1) (» Bivteo 2) (» Bivteo 3).

KAwviKn elkova

ApXLKE, Katd Tnv TPOoKOPLON TwV {WWV aUTWV
otnNV KAWLKA (Kal Tpv @uotkd avarmrtuyBel n NB)
mapatnpeitat mapdAuon Twv oToBlwv AKpwv
Kat anwAeta tng EBAA ota SUo omicBla akpa
(Fitzmaurice 2010, Gallucci et al. 2017).

Katd tn Sldpkela NG VEUPOAOYLKNG e&Etaong
€vOG {wou Tou €xel avamtugel NB apyikd 6a ma-
patnpnBel n pn @uaoLoloyikr Badion pe atagia kat
Tapandpecn, OTWG avapePBNKe avwtépw. AKo-
AoUBw¢ Ttapatnpeltatl Statapayr] TG LSLOSEKTIKNG
atoBntikdtnTag n omola pmopel va ekSNAWOeL pe
SLaPopoug TPOTIOUG OTIWG KABUOTEPNUEVN avTa-
TokpLon otn SoKLpr petakivnong oto éva dkpo
Kat pn avtandkplon otn SOKLUr UTIEPEKTACNG Kal
omloBodpopLong oto omiobla dkpa. A§ileL va ava-
PepBel WG N SOKLPM TNG EMavagopdg Tou dkpou
pTopel va givat puotoAoytkn. ‘0co apopd ta vw-
Tlala avtavakAaoTkg, lval cuvnbwg avénpuéva,
OTIWG Kal au&npeévn elval ocuxva n oTACTIKOTNTA
TWV EKTELVOVTWVY KAl KAPTITAPpWY puwv. Emiong
TIapATNPOUVTAL TAUTOXPOVA AVTAVOKAAOTLKEG KL-
VINOELG TWV HUWV TIOU QVTLOTOLYOUV O€ VEUPOTOHLA
tou NM omobiwg g B€ong Kakwong tou (mass
reflex): akoUoLoL OTTAoHOl TWV KAUTITAPWY HUWV
Twv omobiwv dkpwv, avTavakAaoTikr avopbwon
NG oupdag, KEvwan Tng oupodoxou KUOTNG 1 TOU
KOAOU KaTA TNV aTttikn ) GAAN atodntikr Stéyepon
(Ttx. doknon Tieong yLa kévwaon tng oupoSoxouU KU-
otng) (Lewis et al. 2020).

Mpémel va onpelwBel Twg TIOAU cuxva Katd tnv
VEUPOAOYLKN €E€TaoN, TO BETIKO AVTAVAKAAOTLKO
™G kapyng AapBavetal Aavbacopéva wg EBAA, emo-
MEVWwG elval amapaltnto va Slaywplotouv autd ta
800 pawvopeva. H umapén Betikol avtavakAaott-
KoU TNG KAuPng, 8ev UTTOSELKVUEL OTL eva (WO EXEL
EBAA (Fitzmaurice 2010) (» Bivteo 4). H amAn kau-
PN Tou akpou elvat amodeLgn oTL oL KATw KvnTLkol
VEUPWVEG Elval ABLKTOL, YEyovd( TIOU ETILTPETIEL TNV

=}

» Bivteo 4. Ostkd avravakha-
OTIKO Kapng ormioBlou dkpou ot
TIAPATANYLKO OKUAO XWpLG eV Tw
BdbeL atoBnTikoTNTA.

» Video 4. Positive hindlimb flex-
ion reflex in a paraplegic dog with-
out deep pain perception.

» Bivteo 5. EAeyxog v tw BaBeL
atobnukétntag omioBlou dkpou
O€ TIOPATANYLKO OKUAO. AOKLUA
apvnTLKn.

»Video 5. Deep hindlimb pain
perception testing in a paraplegic
dog. Test negative.

unilateral hind limb during the implementation of
the withdrawal reflex (cross extensor reflex) (Lewis
et al. 2020) (» Video 1) (» Video 2) (» Video 3).

Clinical presentation

Initially, upon presentation of these animals to the
clinic (and of course, before SW develops), there is
paralysis of the hindlimbs and loss of DPP in both
hindlimbs (Fitzmaurice 2010, Gallucci et al. 2017).

During the neurological examination of an ani-
mal that has developed SW, abnormal gait with
ataxia and paraparesis will initially be observed, as
mentioned above. Subsequently, there is a distur-
bance of proprioceptive sensation which may man-
ifest in various ways such as delayed response to
the hopping test and non-response to the exten-
sor postural thrust test of the hindlimbs. It should
be noted that the paw replacement test may be
normal. Spinal reflexes are usually increased, and
spasticity of extensor and flexor muscles is often
also increased. Reflex movements of the muscles
corresponding to neuromeres of the SC that are
posterior to the area of injury (mass reflex) are also
observed at the same time: involuntary spasms of
the flexor muscles of the hindlimbs, reflex tail rais-
ing, bladder or colonic emptying during tactile or
other sensory stimulation (e.g., applying pressure
to empty the bladder) (Lewis et al. 2020).
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AeLtoupyla Tou avtavakAaoTtikou, xwplig va Sivetal
OpwC¢ TANpowopia yla tnv EBAA, n omola mtpoUTo-
BéteL emKovwvia PE TA AVWTEPA KEVTPA EAEYXOU
Kat dpa Sev eyyudtat amd TNV akepaldtnTa Povo
TWV KATW KWNTKWY veupwvwv (KKN) (Fitzmaurice
2010, De Lahunta et al. 2021). H EBAA eAéyxetal pe
TNV doknon enwduvou gpebiopatog 6Twg n vUEN
€VOG PECOSAKTUALOU Slaotrpatog i plag @daAay-
yag pe awgootatiky AaBida (Garosi 2004) (»Bi-
vTeo 5). H Sokiprn Bewpeital Betikr 6tav to {wo
EKPPALEL OUVELSNTN - CUUTIEPLYOPLKN avtidpa-
on, dnNAadr otpown KEPAANG TPOG To £peBLopQ,
TpooTdbela Saykwpatog f Kpavyn (Garosi 2004)
(» Bivteo 6). Elval onuavtikd va ghéyxovtal T000
Ta €0Ww 000 KAl Ta €§W SAXTUAA OAWVY TWV AKPWYV,
KaBw¢ avaAoywe Twv eupnudtwy propolyv va e&a-
XBouv TAnpowopieg yLa tnv evtormion tng BAABNG
(Afior 2004). ETiTIAéoV €AEyXETAL KAl N ALOBNTLKO-
TTNta otnv Baon tng oupdg, £ToL Wote va RBeRatwel
Kavelg Twg éva (wo Sev €xeL EBAA. H ouveldntn
avtiépaon tou {Wwou Og OTIOLOSATIOTE Ao Td TIa-
panavw epebiopata ocuvenmdyetal tnv mapoucia
EBAA (Olby et al. 2020). Emopévwg, n emiBeBaiwon
otTL éva {wo €xeL NB kat 6L ata&ia/ mdpeon AAANG
attioAoyliag, elvat n amouctia tng EBAA.

NaBowucloloyia

MapOAO TIOU WG YVWOTOV TO KEVIPLKO VEUPLKO oU-
OTNHA EXEL PLKPI QVAYEVVNTLKNA LKAVOTNTA, EPPAVL-
{eL eVTUTIWOLOKN TIAAOTIKOTNTA (Lewis et al. 2020).
MAaoTIKOTNTA AéyeTal N avadlopyavwon twv St-
QOWBEVTWY VEUPWVWVY CE AELTOUPYLKO KUKAWHA
Tou pTopel va ouveyioel va cupBatvel akopa Kat
€BS0OUASEG N Prveg petd TNV Kakwon (Jeffery &
Blakemore 1999). MeAéteg cuvnyopouv OTL N avd-
Ktnon tng Basdiong pmopel va mpokUPEL péow Si-
aSKaoLWV OTIWG: d. avayevwvnon twv veupa&ovwy
oTo onuelo Tpaupatiopoy, B. emavagopd Tng Ast-
TOUPYLOG QVETIAPWY VEUPAEOVWY AVW KLVNTLKWY
veupwvwv (AKN) Tou Staoyifouv to onpelo tpau-
HATLOWOU, Y. TILO QUTOVOHOG POAOG TOU YEVVHTOPA
KEVIPLKWVY TipotuUmwy (CPGs), &. petaBoAég otnv
SleyepolpoTNTA TWV SLAPECWY VEUPWVWVY Katl KKN
omoBlwg tou onuelou BAARNG, €. evepyottolnon
«OLWTINAWV» cuvadewy, ot. aAayng g «Baputn-
Tag» (A Suvaplkig) kamowwv cuvagewv, I. petao-
Aég otnv avtiAnyn atedntikwv epeblopdtwy ota
enineda tou NM omiebiwg tng BAARNG (Lewis et al.
2020, De Lahunta et al. 2021).

Mepaltepw enegrynon anatteltat 6cov agopd ta
CPGs. Katapydg, ta CPGs elval QUTOTEAN VEUPWVL-
KA KUKAWHATA TIou Ttapdyouv emavaiapBavopeva
HOT{Ba KWWNTLKAG CUPTIEPLYOPAG aveEapTTWG at-
o0ntkng Stéyepong i avatpopoddtnong (Bucher

Spinal walking in dogs and cats
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» Bivteo 6. Ostikd avtavakhaotkd kapudng omioBlou dkpou kat apvn-
TLKOG EAEYXOG €V TW BABEL atoBnTikdTNTag OTO (510 AKPO, OE TIAPATIANYLKO
OKUAO. OETIKOG EAEYXOG €V T PABEL ALOBNTIKOTNTAG OTO PUCLOAOYLKO TIPO-
66Lo dkpo.

» Video 6. Positive hindlimb flexion reflex and negative deep pain percep-
tion control in the same limb in a paraplegic dog. Positive deep pain percep-
tion test in the normal forelimb.

It should be noted that very often during neu-
rological examination, the positive flexion reflex
is mistakenly taken as DPP, so it is necessary to
separate these two entities. The presence of a pos-
itive flexion reflex does not indicate that an animal
has DPP (Fitzmaurice 2010) (»Video 4). Simple
flexion of the limb is evidence that the lower mo-
tor neurons are intact, which allows the reflex to
function without providing information about DPP,
which requires communication with higher control
centers and thus is not guaranteed by the integrity
of the lower motor neurons (LMNSs) alone (Fitzmau-
rice 2010, De Lahunta et al. 2021). DPP is examined
by applying a painful stimulus such as the pinch-
ing of an interdigital fold or a phalanx with hemo-
static forceps (Garosi 2004) (» Video 5). The test is
considered positive when the animal expresses a
conscious - behavioural response, i.e., head turn-
ing towards the stimulus, attempting to bite or
screaming (Garosi 2004) (» Video 6). It is impor-
tant to test both the inner and outer fingers of all
limbs, as depending on the findings, information
about the location of the lesion can be extracted
(Afior 2004). In addition, to ensure that an animal
does not have DPP, sensation at the base of the tail
should also be tested. The conscious response of
the animal to any of the above stimuli implies the
presence of DPP (Olby et al. 2020). Therefore, the
confirmation that an animal has SW and not ataxia/
paresis of other etiology is the absence of DPP.
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2009). Ta KUKAWHATA QUTA UTIAPXOUV €KTOG TwV
aMuwv kat otov NM kat cUpBAaNouv otnv Snut-
oupyla kivnong amé ta omicbia dkpa (Lewis et al.
2020). Ta CPGs BewpnTkA eKTElVOVTAL KATA PRKOG
O0AoU Tou NM, aA\a kuplwg €xouv peretnBel auta
Tou Bplokovtal otnv 0oQUIKNA Polpa TOU Kat ago-
polv ota omicBla dkpa (Lewis et al. 2020). ‘Exouv
TNV LkaVOTNTa va Snuloupyouv €va Bactkd potiBo
Bdadiong, kabwg kat va cuvtovifouv to Se&l pe To
apLotePO aKkpo (Lewis et al. 2020). H kivnon autn
pTopel va SnutoupynBel avegdptnta amd tnv ermt-
KOLVWVLA PE TOV EYKEPAAO KAL ETILTUYXAVETAL HECW
NG ouvepyaoiag SLAPECWY VEUPWVWY (VEUPWVEG
oL otolotL petadisouv epebiopata peTagy AAAwY
VELUPWVWV) Kat KKN oL oTto{oL VEUPWVOULV TOUG OKe-
AeTIkoUG pUeg (Lewis et al. 2020). Evw o€ puoLlolo-
yKd wa ta CPGs UTIOKELVTAL GTOV EAEYXO TOU EYKE-
@Aalou yla tnv €vapén g SpactnploTnTAg TOUg,
o€ (Wa Pe KakWwoeLg tng ©0 poipag exeL amodelyBet
TIWG ATIOKTOUV PEYOAUTEPN autovouia, cUpPBAaiAo-
vtag otn NB (Lewis et al. 2020). ZUPTIEPACPATLKG, N
evepyotoinon twv CPGs, alvetat va utoBonba-
Tal amod tnv Asttoupyla Twv SLAPECWY VEUPWVWVY
tou NM, amo tig petaBoAég otnv Sleyepolpdtnta
TWV KWNTIKWV VEUPWVWY Kal amo tnv petafo-
A otnv avtiAndn twv aodntikwy epebLlopdtwy
(Lewis et al. 2020).

H EBAA glval o TiLO ONPAVTLKOG €UPECOG TIPO-
YVWOTLKOG SelKTNG TNG QvAKINnong e€kouolag Tie-
PLITATNTIKOTNTAG O€ TEPLTTTWON KAKwaong tou NM
kKaBwg o€ amoucia Tng ot TIBavOTNTEG yLa TIARPN
avaktnon ekovolag kivnong elvat eEalpetika pet-
wpéveg (Olby et al. 2004). Ma va yivel katavontn
n €€rynon autol ToU YALVOHEVOU, TIPETIEL TIPWTA
va avapepBel Twg oL peydAou peyEBoug ePPUENES
VEUPLKEG (veg TIou oxnpatifouv ta Sgpdrtia Tou
OUMHETEXOLV OTn PBadilon, €lval mo evaiobnteg
OTNV KAKWON CUYKPLTIKA PE TLG PLKPOU peyEBoUG
apUENEG VeUPLKEG (veg (Sharp & Wheeler 2005).
Omdte 6tav n PAAPN aopd péxpL Kal TLG avOeKTL-
KEG QUUEAEG (VEG, yeEYOVOC TIOU YIVETAL QVTIANTITO
amo tnv éMNewPn EBAA, Bewpeital wg n veupo-
Aoyikn BAARN sivat oAl Baptd (Sharp & Wheeler
2005). EmumA€ov, oL veupAEOVEG TWV VEUPWVWVY TIOU
elvat uttevBuvol yla tnv EBAA mopelovtat otnv
EO0WTEPLKN EMLPAVELa TNG TTIAAyLaG S€0pNG TG Agu-
kNG ouolag tou NM, 8nhadn ota evédtepa onpeia
Tou, oxnuatifovtag to vwtiatoBalaptkd Sepdtio
(Schatzberg et al. 2012). Apa, og Tiepintwon Baptdg
BAGBNG aUTWV TwV VEUPAEOVWY, CNUALVEL TIWG OU-
VUTIApXEL Kal Bapld BAAPRN OTOUG VEUPWVEG TWV
TEPLPEPLKOTEPWY Sepatiwv (TTou elval eppvelot)
Kat elvat utteBuvol yla tnv Bdadion (Schatzberg et
al. 2012). Q¢ ek ToUToU, o€ Tétola {wa oL Tibavotn-
TEG yLa avaktnon tng EBAA kat tng Basdiong eival

Pathophysiology

Although the central nervous system is known to
have little regenerative capacity, it displays im-
pressive plasticity (Lewis et al. 2020). Plasticity is
the reorganization of surviving neurons into a
functional circuit that can continue to occur even
weeks or months after injury (Jeffery & Blakemore
1999). Studies suggest that recovery of gait can oc-
cur through processes such as: a. Regeneration of
neuro-axons at the site of injury, b. Restoration of
function of intact neuro-axons of upper motor neu-
rons (UMNSs) crossing the site of injury, c. more au-
tonomous role of central pattern generator (CPGs);
d. changes in excitability of interneurons and LMNs
posterior to the injury site; e. activation of «silent»
synapses; f. changes in the «gravity» (or dynamics)
of some synapses; g. changes in the perception of
sensory stimuli at the levels of the SC posterior to
the lesion (Lewis et al. 2020, De Lahunta et al. 2021).
Further explanation regarding CPGs is needed.
Firstly, CPGs are self-contained neural circuits that
produce repetitive patterns of motor behaviour in-
dependent of sensory stimulation or feedback (Bu-
cher 2009). These circuits are also present in the
SC and contribute to the generation of movement
from the hindlimbs (Lewis et al. 2020). CPGs theo-
retically extend along the entire SC, but those lo-
cated in the lumbar spine, involving the hindlimbs,
have been studied primarily (Lewis et al. 2020). They
have the ability to establish a basic walking pattern,
as well as coordinate the right and left limbs (Lewis
et al. 2020). This movement can be generated inde-
pendently of brain communication and is achieved
through the cooperation of interneurons (neurons
that transmit impulses between other neurons)
and LMNs that innervate skeletal muscles (Lewis et
al. 2020). While in normal animals CPGs are sub-
ject to brain control to initiate their activity, they
have been shown to gain greater autonomy, con-
tributing to SW (Lewis et al. 2020) in animals with
thoracolumbar injury. In conclusion, the activation
of CPGs, appears to be assisted by the function of
interstitial neurons in the SC, by changes in the ex-
citability of motor neurons and alterations in the
perception of sensory stimuli (Lewis et al. 2020).
DPP is the most important indirect predictor of
recovery of voluntary ambulation in case of SC in-
jury as in its absence the chances of full recovery of
voluntary movement are extremely reduced (Olby
et al. 2004). To understand the explanation of this
phenomenon, it must first be mentioned that the
large-sized myelinated nerve fibres that form the
bundles that are involved in gait are more sensitive
to injury compared to small-sized unmyelinated
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Aydtepeg (Schatzberg et al. 2012).

A&ileL va avaypepbel 6tL o okUAoug pe MMA TU-
mou I katd Hansen kat emakdAoudn amwAgla g
EBAA, émelta amod emépPacn amoouptieong, ava-
ktBnke n EBAA kat n wkavédtnta Basdiong oe to-
00016 58% (Olby et al. 2003). AvtiBeta, okUAOL pe
MMA tumou I katd Hansen, xwplg anwAela EBAA,
EMeLTa amo enepBaon elyav mooootd emttuyiag 72-
100% (Kerwin et al. 2012).

MpodLabEtTovteg TTaPAYOVTEG
avantuéng vwrtiaiag Basiong

MpéEmeL va avaepBel WG N TIAELOVOTNTA TWV KAL-
VLKWV TIANPOYOPLWV YLa TOUG OKUAOUG TIPOEPKETAL
amo mepLotatikd NMMA tumou I katd Hansen, kabwg
glvat n o ouyvr adnon tou NM og auto To &l-
50¢ (Granger & Carwardine 2014). Avtifetaq, n o
ouxvn atttoAoyla pUgAoTIABEeLaG OTLG YATEG lval N
tpaupatikn (Granger & Carwardine 2014). Emtiong,
OTLG ydteg uttapxel EMewpn BBAtoypapiag 6oov
apopd OToUG PUOLKA TIPOKAAOUPEVOUG TpaUPaTL-
opoUG, apou, ektdg and tnv €épeuva Twv Gallucci et
al (2021), oL tepLoodTepEG EpeuVeG elval TELpapatL-
ke (Gallucci et al. 2021).

1. XapaktneLotikd {wwv

Ye pla €peuva, TO CWPATIKO BAPOG TWV OKUAWV
Qalvetat va elvat onpaviko, Kabwg PLkpdTeEPOU
HEYEBOUC OKUAOL KOl OUYKEKPLUEVA KATW Twv 7,8
KI\WV, eppavifouv TepLOoOTEPEG TILBAVOTNTEG
avanrtuéng NB (Gallucci et al. 2017). Ewkaletal ot
lowg €lval TILo EUKOAO yLa TOUG PLKPOOWHOUG OKU-
Aoug va petagépouv mapandavw Bdapog ota Tpod-
06La dkpa, «amooptifovtag» £ToL Ta oTiiodLa, TiLo
aSVvapa akpa (Lewis et al. 2020). AvtiBetq, {owg
elvat Tio SUCKOAO yla toug PnAdTEPOUG OKUAOUG,
pe TLo uPNAS KEVTPO BAPOUG Va €XOUV KAAN LOOpP-
pottla, EPTIoSI{ovTAg TOUG va avakToouV LKavo-
ta Basdiong (Lewis et al. 2020). AkoAoVBwWG, HE
Bdon tnv £€peuva twv Gallucci et al (2017), paive-
Tal WG vedTEPOL OKUAOL, KATW Twv 60 pnvwy, €i-
val To mlavo va avamtugéouv NB, av Kat AAAEG
€peuveg €6eL&av Twg N nAkia elvat dveu onpactag
(Jeffery et al. 2016) fj Twg N veodtePn NAKia oxeti-
ZetaL poVo pe TNV Lo ypryopn avartuén NB (Olby
et al. 2003). Mpémetl va onuelwBel dPWC, WG otV
¢peuva twv Gallucci et al (2017), oL okUAoL autol
glyav umoPBAnBel oe puolkoBeparmeia, yeyovog to
oTtolo emnpedadel TNV €KPacn. IXETIKA HPE TLG YATEG,
pla Telpapatikn épeuva €8eLEE WG TTAPATIANYLKA
yatakla 2 BSopadwy glxav peyaAutepn mbavo-
tnta avantuéng NB amd mapamAnyikég ydateg 12
€BSopdadwv (Smith et al. 1982). TuykekpLpuéva, otnv

Spinal walking in dogs and cats

nerve fibres (Sharp & Wheeler 2005). So, when the
damage involves up to the resistant unmyelinated
fibers, which is perceived by the lack of DPP, it is
considered that the neurological damage is very
severe (Sharp & Wheeler 2005). Furthermore, the
neuro-axons of the neurons responsible for DPP
travel on the inner surface of the lateral white mat-
ter bundle of the SC, i.e., the innermost parts, form-
ing the spinothalamic bundle (Schatzberg et al.
2012). Therefore, in case of heavy damage to these
neuro-axons, it means that there is also heavy
damage to the neurons of the more peripheral
bundles (which are myelinated) and are responsi-
ble for walking (Schatzberg et al. 2012). Therefore,
in such animals the chances for DPP recovery and
gait are less likely (Schatzberg et al. 2012).

It is worth mentioning that in dogs with Hansen’s
type I intervertebral disc prolapse (IVDP) and sub-
sequent loss of DPP, DPP and walking ability was
recovered in 58% of dogs (Olby et al. 2003) after
decompression surgery. In contrast, dogs with
Hansen’s type I IVDP, without loss of DPP, success
rates were 72-100% port surgery (Kerwin et al.
2012).

Predisposing factors for spinal
walking development

It should be noted that the majority of clinical in-
formation on dogs comes from cases of Hansen’s
type I IVDP, as it is the most common pathological
condition of the SC in this species (Granger & Car-
wardine 2014). In contrast, the most common aeti-
ology of myelopathy in cats is traumatic (Granger
& Carwardine 2014). Also, in cats there is a lack of
literature regarding naturally induced injuries, as,
apart from the study by Gallucci et al (2021), most
studies are experimental (Gallucci et al. 2021).

1. Animals’ characteristics

In one study, the body weight of dogs appears to
be important, as smaller dogs, specifically under
7.8 kg, are more likely to develop SW (Gallucci et
al. 2017). It is speculated that it may be easier for
smaller dogs to transfer extra weight to the fore-
limbs, thus ‘offloading’ the hind, weaker limbs
(Lewis et al. 2020). Contrariwise, it may be more
difficult for taller dogs with a higher centre of grav-
ity to have good balance, preventing them from
regaining gait ability (Lewis et al. 2020). Subse-
quently, based on research by Gallucci et al. (2017),
it appears that younger dogs, under 60 months
old, are more likely to develop SW, although other
research has shown that age is irrelevant (Jeffery
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€V AOYW HEAETN OAa Ta yatdkia 2 eBSOPAswyY ave-
mtuéav NB, ave€aptritwg tou av utoBARBnKav 1
OxL og puokoBepareia (Smith et al. 1982). Avtt-
Betwg, poévo ol 3 amd TG 5 ydarteg 12 gBSopadwy
Tou UTTORANBNKav o€ YuoLkoBeparela avemtuéav
NB, evw 60g¢ Sev uTIORANBNKav Sev avemtuéav NB
(Smith et al. 1982).

2. KAwviIKn elkéva

H UTtapén Twv akdAoUBWY KALVLIKWY onpeiwy Katda
TNV TIPOOKOPLON EVEEXOUEVWG VA PTIOPEL va SwoeL
otolyela yLa tn mbavotnta avamtuéng NB. ApxLka,
olPPWVA PE TNV €peuva Twv Lewis & Olby (2017)
Slaitepn onpaocta @aivetal va €xel n avénpévn
SLAPKELA OTIACHOU TWV KAPTITAPWY HUWV TWV OTIL-
oBlwv Akpwy, KaBWE UTIApXEL BETIKN CUCYETLON
peTagV autng Kal Tng avamtuéng Kamolou eidoug
Bdadiong. Ot omaopol autol TpokARBnKav €melta
armo VUEN pe Kapltoa oto KATW PEPOG TOU TToSLoU
(Lewis & Olby 2017). MapoAa autd, To v AOyw TIEl-
papa Tpaypatomnolidnke oe {wa ta omola elyav
uttootel o&ela kakwon tou NM touAdyLotov 3 pn-
VEG TIPLV Kal PE 0TABEPT KALVLKN ELKOVA, CUVETIWG
elval Bavo n avfnuévn Sldpkela tou omacpoul
TWV KAUTITAPWY HUWV TWV 0TILoBlWwV AKpwv va pnv
pTopel va xpnotpotolnBel wg poyvwoTtikog Sel-
KTNng o€ o mpdopata mepLotatikd (Lewis & Olby
2017).

‘Ocov agopd oTLg YATeg, oUPPWVA PE TNV €PEL-
va twv Gallucci et al. (2021), n Uap&n tou mabo-
AOylkoU avTavakAQoTIKOU TNG UTIEPEKTACNG TOU
ETEPOTIAEUPOU OTILOBlOU GKPOU KATA TNV EKTEAEDN
TOU QVTAVaKAQoTkoU TG KAapyng (cross extensor
reflex) Katé tnv mpookopLon, Ppébnke va éxeL Oe-
TLK ouoxétion pe tnv avamtuén NB (Gallucci et al.
2021).

A&ileL va onuelwBel WG N avAaKTnon KWNTKAG
5pactnpLoTNTaG OToV OKUAO Tapatnpeltat Tio
OTIAVLA O€ TIEPLOTATIKA KAKWONG TNG OTIOVSUALKNAG
OTAANG TpaALPATLKAG attlodoyiag (Olby et al. 2003).
AUTO pTiopel va o@elletal oTo OTL OE TETOLEG TIEPL-
TITWOELG OLVABWC TIPOKAAOUVTAL TILO EKTETAPEVEG
Il TIOAMATIAEG KAKWOELG, KaBwG kat Statopr) tou NM
Il OTO OTL O€ TETOLEG TIEPUTTWOELG ETUAEYETAL TILO
ouxva n eubavaocia (Olby et al. 2003, Lewis et al.
2020). A&Lo avagopdg lval emiong to yeyovdg ot
KAKWOELG oTiLoBlwg TNG ©0 poipag tou NM Sev ka-
TaAryouv o€ NB, apou tote emépyetatl BAARnN oto
610 to CPG (De Lahunta et al. 2021).

‘Ocov aopd oTLG yateg, Sev éxel Bpebel ouoyeE-
TLoN PETAEL Tou emumedSou tng Baputntag Twv ou-
PTITWHATWY Kal Ttng avamtuéng r oxL NB (Gallucci
etal. 2021).

et al. 2016) or that younger age is only associated
with more rapid SW development (Olby et al. 2003).
It should be noted, however, that in Gallucci et al’s
(2017) study, these dogs had undergone physio-
therapy, which influenced the outcome. In relation
to cats, an experimental study showed that 2-week-
old paraplegic kittens were more likely to develop
SW than 12-week-old paraplegic cats (Smith et al.
1982). Specifically, in this study all 2-week-old kit-
tens developed SW, regardless of whether or not
they underwent physiotherapy (Smith et al. 1982).
In contrast, only 3 of the 5 12-week-old cats that
underwent physiotherapy developed SW, while
those that did not, had not developed SW (Smith
et al. 1982).

2. Clinical presentation

The presence of the following clinical signs at pres-
entation may provide information to the possi-
bility of developing SW. Initially, according to the
research of Lewis & Olby (2017) of particular im-
portance appears to be the increased duration of
flexor muscle spasm in the hindlimbs, as there is a
positive correlation between this and the develop-
ment of some form of gait. These spasms were elic-
ited following pinpointing of the bottom of the foot
(Lewis & Olby 2017). However, this experiment was
performed in animals that had suffered an acute
SC injury at least 3 months previously and having
a stable clinical presentation, so it is possible that
the increased duration of spasm of hind limb flexor
muscles may not be used as a predictive marker in
more recent cases (Lewis & Olby 2017).

Regarding cats, according to the study by Gal-
lucci et al. (2021), the presence of the cross exten-
sor reflex at the time of presentation was found to
have a positive correlation with the development of
SW (Gallucci et al. 2021).

It is worth noting that recovery of motor activi-
ty in dogs is seen less frequently in cases of spinal
cord injury of traumatic origin (Olby et al. 2003).
This may be since in such cases more extensive
or multiple lesions are usually induced, as well as
transection of the SC, or that in such cases eutha-
nasia is more often chosen (Olby et al. 2003, Lewis
et al. 2020). It is also worth mentioning that injuries
posterior to the thoracolumbar SC do not result in
SW, since damage to the CPG itself then occurs (De
Lahunta et al. 2021).

In cats, no correlation has been found between
the level of symptom severity and the development
or not of SW (Gallucci et al. 2021).
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3. EpyactnpLlakeg eEeTACELG

‘Exouv ylvel poomdbeleg va ipoadloplotouy Ta-
PAPETPOL TOU alPaTog KAl TOU eyKeWaAovwTLlaiou
uypou ol omoleg Ba pmopovoav va xpnolyoroLn-
Bolv wg TpoyvwoTtikol SelkTeg TG €KBaong twv
TIEPLOTATIKWY (WwV Xwpig EBAA, xwplg dpwg aro-
téAeopa (Olby et al. 2020).

Zuxvotnta Kal Xpovog
gEppaviong vwtiaiag pasiong

Ta Too00Td TwWV OKUAWVY TIOU KATAYEPAV Va ava-
mtugouv NB emelta amod (QUOLKA TIPOKAAOUMEVN
BAGRBN tg ©0 poipag tou NM Kkat anwAela tng
EBAA mtapouctdlouv peydho €UpOG KAl CUYKEKPL-
péva Kupalvovtal amod 10% €wg 59%. Auto (owg
ope(\eTal oTLG SLAPOPEG ToU evromidovial oTov
TIANBUGHO, OTO €L50¢ TWV KAKWOEWVY Kat otnv Tiba-
votepn emAoyn NG euBavaciag oTLg TPAUPATLKAG
attiohoyiag kakwaoelg (Olby et al. 2003, Gallucci et
al. 2017, Hu et al. 2018, Lewis et al. 2019, Lewis et al.
2020). AEiZeL va avagepBel o€ autd To onpelo WG
1o YPnAdTEPO TOCOOTO avamtuéng NB (59%), apa-
TNPNRBNKe o€ £peuva 6TIoU oL GKUAOL UTTOBANONKaV
0€ EVTATLKN uolkoBepareia (Gallucci et al. 2017).
‘Ocov apopa tnv NMMA tumou I katd Hansen, to To-
000TO TWV OKUAWV TIOU KATAPepav va avamtugouy
NB rjtav 18% - 31% (Olby et al. 2003, Aikawa et al.
2012).

O SLdpeocog xpodvog gpgpaviong NB otov okUAo
Ttapouctadel peydAn Stakupavon. O Stdpecog xpo-
VOG EPPAvVLIONG o€ pia £pguva ntav 9 prveg (evpog:
amo 4 £wg 18 prveg) evw o pia Ssltepn épeuva
otnv otmola ol acBevelg uTTORANBNKAV OE PUOLKO-
Beparmela, SLAPECOG XPOVOG EPPAVLONG NTAV HOALG
75 pépeg (eUpog: amd 16 €wg 350 pépec) (Olby et al.
2003, Gallucci et al. 2017). Ze meplotatikd MMA to-
mou [ katd Hansen, o §tapecog xpovog epAaviong
NB rjtav emniong 9 prveg, Ye eLPOG aro 2 £wg 28 pn-
veg (Olby et al. 2003, Aikawa T et al. 2012).

STLG YATEG, OTNV HOVASLKI KALVLKI HEAETN SLabé-
olun otn BLBAloypapia Tou Kataypapovtal TepL-
OTATIKA PE pUOLKOUG Tpaupatiopols, kapia amd
TLG 7 yateg Sev katagepe va avartuéet NB (Gallucci
et al. 2021). AVTIOETWG, O€ 2 TIELPAUATIKEG £PEVVEC,
Bpebnke Twg to 83%-87,5% yatwv avemtuéav NB
(Lovely et al. 1986, De Leon et al. 1998).

MugAopaAdkuvon

TkUAoL pe amwAela EBAA kwvduvelUouv va eppavi-
OOUV PUEAOPOAAKUVON, yla TNV omola Sev umdp-
X€EL Beparela kal odnyet ouvrBwg oto Bavato tou
{wou (Castel et al. 2019). ExetL Bpebel mwg ta To-

Spinal walking in dogs and cats

3. Laboratory tests

Attempts have been made to identify blood and
cerebrospinal fluid parameters that could be used
as predictors of outcome in animals without DPP,
but without success (Olby et al. 2020).

Frequency and timing of
spinal walking

The percentages of dogs that were able to develop
SW after naturally induced damage to the thora-
columbar SC and loss of DPP show a wide range,
namely from 10% to 59%. This may be due to dif-
ferences in population, type of injury and the more
likely choice of euthanasia in trauma-induced inju-
ries (Olby et al. 2003, Gallucci et al. 2017, Hu et al.
2018, Lewis et al. 2019, Lewis et al. 2020). It is worth
mentioning at this point that the highest rate of SW
development (59%) was observed in a study where
dogs underwent intensive physiotherapy (Gallucci
et al. 2017). Regarding Hansen type I IVDP, the per-
centage of dogs that managed to develop SW was
18% - 31% (Olby et al. 2003, Aikawa et al. 2012).

The median time of SW presentation in dogs
shows great variation. The median presentation
time in one study was 9 months (range: 4 to 18
months), while in a second study in which patients
underwent physiotherapy, the median time was
only 75 days (range: 16 to 350 days) (Olby et al.
2003, Gallucci et al. 2017). In Hansen's type 1 IVDP
cases, the median time of SW presentation was
also 9 months, with a range of 2 to 28 months (Olby
et al. 2003, Aikawa T et al. 2012).

In cats, in the available in the literature clinical
study that is recording cases of physical injuries,
none of the 7 cats managed to develop SW (Galluc-
cietal.2021). In contrast, in 2 experimental studies,
83%-87.5% of cats were found to develop SW (Love-
ly et al. 1986, De Leon et al. 1998).

Myelomalacia

Dogs with DPP loss are at risk of developing myelo-
malacia, for which there is no cure, and which usu-
ally leads the animal to death (Castel et al. 2019).
It has been found that rates of myelomalacia due
to Hansen'’s type I IVDP in dogs without DPP range
from 9 to 33% (Olby et al. 2020). Clinical signs of
myelomalacia may be present at presentation or
develop up to 5 days later (Castel et al. 2017). In
caudal extension there is loss of spinal reflexes of
the hindlimbs, reduced abdominal wall tone, re-
duced or absent perineal reflex and reduced or ab-
sent anal tone (Castel et al. 2017). As myelomalacia
extends to the thoracic and cervical SC, there is res-
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000Td pughopalakuvong Adyw MMA tumou I katd
Hansen o€ okUAoug xwpig EBAA kupaivovtat amo
9 £w¢ 33% (Olby et al. 2020). Ta KAWLKA onpela Tng
HUgAOPaAGKUVONG PTtopel va uTtapyouv Aén katd
TN TPOOCKOMLON 1 va avamtuxBolv €wg 5 PEPES
petd (Castel et al. 2017). Ztnv eméktacn oupaiwg
Tapatnpeital anwAELa TWV vwTlalwy avtavakia-
OTIKWV TWV OTtoBLWV AKPWV, HELWHEVOG TOVOG TWV
KOWALOKWV TOLXWHATWY, HELWHEVO I AWV TIEPLVE-
kO aVTaVakAQOTIKO KAl PELWHEVOC I ATIOV TOVOG
Tou TIpwKTOU (Castel et al. 2017). KaBwg n pueAo-
HOaAAKUVON ETIEKTELVETAL TIPOG TN BWPAKLKN KAl au-
XEVLKN poipa tou NM, tapatnpeital avamveuoTikn
Suoxépela AOyw TIAPAAUONG TWV HECOTIAEUPLWVY
HUWvV, xdvovtal Ta vwtlala avtavakAaoTikd Twy
TPooBiwv AKpWY, TIAPOUCLAZETAL AMPOTEPOTIAEL-
po clVSpopo Horner kat téhog Bdvatog (Castel et
al. 2019).

YTIOGTNPLKTLKA HETPA TOU
TapamnAnytkou {wou pe
ATIWAELA TNG EV TW BaABeL
aLoOnNTLKOTNTAG TOU AAYOUG

Onwg nén avapépbnke, to KNI yapaktnpiletat
aTO TAQOTLKOTNTA, KAl WG €K TOUTOU €XEL TN Su-
VatoTNTa PEOW SLaWOpwV PNXAVIOHWY va appAv-
VEL TLG ETILTITWOELG a0 BAAPEG TIOU TIPOKUTITOUV.
Méow tng mMAaotkdTNTag, Kat pe tn BonbeLa ena-
vaAapBavopevng eEwTepLkng Sléyepong, oL eva-
TIOPEIVAVTEG VEUPWVEG ATTOKTOUV OUCLACTLKA VEEG
AELTOUPYLEC, PE aMOTEAECHA VA UTTIAPXEL N TiLBavo-
TNTA AMOKATACTACNG AKOPA KAl O GOPBAPEG KAKW-
0€LG TOU vwtLaiou PughoU (Sherman & Olby 2004).
‘Onwg glvat yvwoto, N pn Xpron Twv akpwv oén-
yel og amwAela puikng padag, POVLUEG CUOTIAOELG
MUKWV opadwy Kat aAAolwon Twv apBpwoewv Kat
TWV OXETLKWY Sopwv (ayKuAwoeLg). H puotkoBe-
parneia Bewpeital kplown otnv avayaltion autwy
TWV PALWVOPEVWVY Kal oTnV €mitevén TG PEYLOTNG
Suvartrg arnokataotaong (Sherman & Olby 2004).

MEXpL TWPA, UTIAPYXOUV TIEPLOPLOPEVEG KALVLKEG
HEAETEC TIOU VA avamtUoCOUV Kal va attoSeLKVUoUV
TNV ATOTEAECPATIKOTNTA OCUYKEKPLUEVWY Bepa-
TIEUTIKWV TtapepBacewy otnv avamntuén NB dcov
agopd okUAoug xwplg EBAA (Lewis et al. 2020).
Qot600, TANPOYOpPLEG aTIO TELPAPATIKA HOVTEAQ
KAl TPAUMPATIOPOUG OTIOVSUALKNG OTAANG avBpw-
TV PTIopEl va avoUv XprioLUEG yLa EQApUoyT Kal
OTOUG OKUAOUG.

Ma va emiexBel To o kKatd\AnAo Tipdypappa
armokatdotaong yLa to Kabe {wo, TIPETEL va An-
©BoUV UTTOYLV N LKAVOTNTA TIEPUTATNTLKOTNTAG KAl
n mapoucia AA\wv TpoBANPATWY uyelag. & KABE

piratory distress due to paralysis of the intercostal
muscles, loss of spinal reflexes of the forelimbs, bi-
lateral Horner’s syndrome and finally death (Castel
etal. 2019).

Supportive measures of the par-
aplegic animal with loss of deep
pain perception

As already mentioned, the CNS is characterised by
plasticity, and therefore can mitigate the effects of
resulting damage through various mechanisms.
Through plasticity, and with the help of repeated
external stimulation, the remaining neurons essen-
tially acquire new functions, resulting in the possi-
bility of recovery even in severe spinal cord injuries
(Sherman & Olby 2004).

As is well known, disuse of the limbs leads to loss
of muscle mass, permanent muscle group contrac-
tions and deterioration of joints and associated
structures (ankylosis). Physiotherapy is considered
critical in arresting these issues and achieving max-
imum rehabilitation (Sherman & Olby 2004).

To date, there are limited clinical studies develop-
ing and demonstrating the efficacy of specific ther-
apeutic interventions in the development of SW in
dogs without DPP (Lewis et al. 2020). However, in-
formation from experimental models and human
spinal cord injuries may be useful for application
to dogs.

In order to choose the most appropriate reha-
bilitation programme for each animal, the follow-
ing clinical signs should be taken into account: the
ability to walk and the presence of other health
problems. In any case, the plan must respect the
following rules:

1. Existence of supportive care to prevent sec-
ondary problems and provide the right environ-
mentt for rehabilitation.

2. Attempt to halt the progression of damage
within the nervous system.

3. Maintain muscle mass and range of motion,
maximise plasticity within the nervous system and
stimulate proprioceptive neural pathways to re-
learn normal gait (Sherman & Olby 2004).

Urination

Injury to the thoracolumbar spine resulting in SW,
will lead to subsequent bladder dysfunction due
to damage to the sphincter UMNSs, their continued
increased tone and subsequent incontinence from
retention (Granger et al. 2020). Because of this, the
animal is exposed to the risk of lower urinary tract
infections, urinary ulcers, bladder wall damage due
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Teplmtwon, To TMAAVo TIPETEL va TNPEl ToUg €ENG
KavOVeC:

1.'YTtapgn UTTIOOTNPLKTLKAG PPOVTLSAG yLa TIPOAN-
PN SeutepeudvTwy TPOBANPATWY KAl TIAPOXT| TOU
KataAAnAou TepLBAANOVTOG yLa amoKataotaon.

2. MpoomdBela avayaitiong tng €§EAENG TG
BAGBNG EVTOG TOU VEUPLKOU CUCTAHATOG.

3. Awatipnon tng PUIKAG padag Kal Tou eUpoug
™G klvnong, peylotomoilnon tng TAACTLKOTNTAG
€VTOG TOU VEUPLKOU CUOTHHATOC KAl SLEYEPTN TWV
LSLOSEKTLKWV VEUPLKWY 08WV TIPOG EMAVEKUABNON
Tou PualoAoylkoU Badiopatog (Sherman & Olby
2004).

Ovpnon

Kdkwon otn ©0 polpa tng omovSUALKAG OTAANG,
Tou Ba kataAn&el og NB, Ba €xeL kal emakoAoudn
SucAeLtoupyla tng oupoSoxou KUOTNG Adyw PAG-
BNg twv AKN Twv CPLYKTAPWY, CUVEXOUG AUENME-
VOU TOVOU QUTWV KAl CUVETTAKOAOUBNG akpAteLag
amnod katakpatnon (Granger et al. 2020). E€attiag
autng, to {wo ektibetal og kivSuvo oupololpwEe-
WV TOU KATWTEPOU OUPOTIOLNTLKOU, OUPO-EAKWVY,
BAGBNG TOU TOYWHATOG TNG 0UPOSOXOU KUOTNG
AOYW UTIEPEKTAONG, oUpOTIEPLTOVAlOU KaL, OF TILO
oOBapEg TEPLTTWOELG, BAGPNG KAl TOU AVWTIEPOU
ouportotntikoV (Sherman & Olby 2004). Eival ep-
@aveG AoLttov OTL N SUCAELToUpYLa TNG oUPOSOXOU
KUOTNG pTtopel va uttoPadpiceL tnv otdtnTa {Wng
Tou {Wou, OTIOTE ATIOTEAEL pPLa eTLTIAEOV TIPOKANON
yld TOV KNSEPOVA TOU KaL TIPETIEL VA AVTLHETWTIL-
otel.

Ta {wa, Aoutdv, pe NB Tpémel va uglotavtat
MNXAVLKN KEvwon Tng oupodoxou KUoTNG 3 - 4 @o-
pEG TNV nuépa (Sherman & Olby 2004). H kbotn pe
KATOKPATNON TIOU TIPOKUTITEL, €lval okAnpr| otnv
YNAGYnon Kat n KEVWor| TnG avapévetal va sivat
8UokoAn (Cook et al. 2019). EvaA\aktTika prtopel
va epappootel SlaAsinwy donmrtog kabetnpla-
OpOG TNG oupnBpag, aYoUu POVLHOG KABETNPLACHOG
HTIopEl va TIPOKOAEDEL SEUTEPEVOUOEG ETILTTAOKEG
OTIWG OUPOAOLPWEELG KAl TPAUPATLOPO TOU TOLXW-
HATOG TOU oupoTtoLlNTIKoU (Sherman & Olby 2004).
KdtL tétolo pmopel va amoteAeoel oUTWG 1 AAAWG
Tapodik AUon Kuplwg og apoevikd (wa, agou o
KaBetnpLaopog BnAukwy amaltel TPoXwWPNHEVES
8€€LOTNTEG aTtd ToV KAWVLKO (Cook et al. 2019).

DapPAKEUTLKI aywyn yla va SLEUKOAUVEL TN pn-
XQAVLKN] KEVWON TNG OTIAoTLIKAG 0UupoSOX0oU KUOTNG
ouvnBwg amatteltat otnv o&ela wdon tng kakwaong
Tou NM. EVSelKTiKG Ttapatifevtal ta Tapakatw
@Aappaka:

A) Awagemapn 0,25 - 0,5 mg kg amd to otdépa
20 AETITA TIPO KEVWONG TIPOKAAEL XAAaon tou €5w

Spinal walking in dogs and cats

to overstretching, uroperitoneum and, in more
severe cases, damage to the upper urinary tract
(Sherman & Olby 2004). It is therefore evident that
bladder dysfunction can compromise the quality of
life of the animal, so it is an additional challenge for
the caretaker and must be addressed.

Animals with SW should therefore undergo me-
chanical bladder emptying 3 - 4 times a day (Sher-
man & Olby 2004). The resulting retained bladder
is hard in palpation and emptying is expected to
be difficult (Cook et al. 2019). Alternatively, inter-
mittent aseptic urethral catheterisation can be per-
formed, as permanent catheterisation can cause
secondary complications such as urinary tract in-
fections and urinary wall injury (Sherman & Olby
2004). This may be a temporary solution anyway,
especially in male animals, since catheterisation of
females requires advanced skills from the clinician
(Cook et al. 2019).

To facilitate mechanical emptying of the spastic
bladder, meditation is usually required in the acute
phase of the SC injury. The following drugs are list-
ed as examples:

A) Diazepam 0.25 - 0.5 mg kg™ orally 20 minutes
before voiding causes relaxation of the external
urethral sphincter (Sherman & Olby 2004) (Grang-
er et al. 2020)

B) Phenoxybenzamine 0.5 mg kg' orally every
8-12 hours causes relaxation of the internal ure-
thral sphincter (Sherman & Olby 2004) (Granger et
al. 2020)

C) Other alpha-adrenergic blockers can also be
used (e.g., prazosin, alfuzosin) (Olby et al. 2022)
(Granger et al. 2020)

There are no studies to support the combina-
tion of these drugs. It also appears that their use
to facilitate mechanical bladder emptying is not
required after a few weeks (Granger et al. 2020).
Possible UTI should be treated with appropriate
antibiotics following a culture and sensitivity test-
ing (Sherman & Olby 2004). The veterinarian is
required to differentiate UTI from subclinical bac-
teriuria, in which antibiotherapy is rarely required
(Weese et al. 2019).

Defecation

As with urination, the normal function of defecation
is also impaired in SC injury (Granger et al. 2020).
In thoracolumbar spine lesions, the resulting
problem is the constant tone of the external anal
sphincter and the accumulation of feces in the
bowel until the increased pressure and distension
of the bowel causes reflex involuntary emptying
(Granger et al. 2020). The most practical and ef-
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opLyktipa tng ouprOpag (Sherman & Olby 2004)
(Granger et al. 2020)

B) ®awotuBevlapivn 0,5 mg kg™ amd to otdpa
KABe 8 - 12 wpeg TPoKaAel xdhaon Tou €0w oPL-
yKTpa G oupnBpag (Sherman & Olby 2004)
(Granger et al. 2020)

I AMoL a aSpevepylkol avaoctoAelg umopolv
emiong va xpnotporownBouv (ry mpadootvn, aA-
pouloaivn) (Olby et al. 2022) (Granger et al. 2020)

Aev umtdpyouv peAEteg Tou va utootnpifouv
TOoV ouVSUaoPO TwV Yappdkwy autwv. datvetal
emiong OTL N Xprion Toug yLa SLEUKOAUVON TNG pn-
XQVLKAG KEVWONG TNG KUOTNG S€vV amatteltal Petd
amd karoteg eSopadeg (Granger et al. 2020). M-
Bavry oupololpwEN TIPETEL VA QVTLUETWTILOTEL PE
TA KATAAMNAQ avTlPBLOTIKE, PETA amd KaAALEpYELa
Kat Sokur evatednoiag (Sherman & Olby 2004). O
KTnvilatpog utoxpeoUTal va SLaWopoTIoL)oEL TNV
oupololpwén amd tnv uttokAVIKN Baktnplouplia,
otnv otmola n avtiBLobeparmeia omdvia amatteltat
(Weese et al. 2019).

Awpodeuon

‘OTWG Kal PE TNV oUPNON, N PUCLOAOYLKH AELTOUP-
yla tng apodeuong emiong StatapacosTal o€ Tpau-
patiopd tou NM (Granger et al. 2020).

YTLG KOKWOELG TNG ©0 polpag, to mpdRAnua mou
TIPOKUTITEL ElVAL O CUVEXNG TOVOG TOU £EW OPLYKTH-
pA TOU TIPWKTOU KAl N CUCCWPEUGT KOTIPAVWY OTO
EVTEPO, HEXPLG OTOU N auénuévn Tiieon kat Stataon
ToU anevBuopEVOU amd autd va TIPOKAAETEL avta-
VakKAQoTLKN akouola kévwon (Granger et al. 2020).
H TILO TIPOKTLKI KAL OTTOTEAECHATIKY QVTLHETWTIL-
on TNG akpateLlag Kompdavwy elvat Slatta vPnAng
Bpentikng aglag kat xapnAou utoAeippatog (.
gastrointestinal diets, uTtoaM\epyLkéG SlalTeg), N
oTola PELWVEL TOCO TOV OYKO 00O Kal TNV uypa-
ola Twv KoTpavwy, omote to TPORANua yivetat
o Siaxelpiowpo (Granger et al. 2020). Yrapyel,
WaoTO00, oulATNoN yla TNV 0pBATEPN TIEPLEKTLKO-
TNTA TOU OLTNPECLOU O (PUTLKEG (veG. ETLIALov,
n kaBiEpwon €vog Kabnuepvou TIPOypAPHaATOg
pTopel emiong va pavel xprowun otnv dtaxeiplon.
Madl pe tnVv kévwon tng oupodoxXou KUOTNG CUVH-
Bwg emépxETAL KAl APOSEVDN, YEYOVOG TIOU TTOPEL
va uttoBondnBel amod pLa NriLa SLEyepon Tou TepL-
véou (Granger et al. 2020). M'a KAmoloug oKUAOUG
amatteltat yepa f; doknon yLa va PiopEcouy va
apodeloouv (Granger et al. 2020). M'evikotEPN Ka-
BaplétnTa Kat meputoinon tou §€pUatog Tou TiE-
plvéou elval amapattntn yia mpoAndn poAUvoewy
Kat AoLTiwv SUoPEVWY Kataotacswy (Granger et al.
2020). MPETEL VA TOVLOTEL, OUVETIWG, OTL TIPAKTIKA
Sev EMEPYETAL AKPATELA KOTIPAVWY KAl OTL OL avTa-

fective treatment for fecal incontinence is high nu-
trient and low residue diets (e.g., gastrointestinal
diets, hypoallergenic diets), which reduces both
the volume and moisture content of feces, so the
problem becomes more manageable (Granger et
al. 2020). There is, however, debate about the cor-
rect fiber content of the ration. In addition, estab-
lishing a daily schedule may also be helpful in man-
agement. Along with bladder emptying, defecation
usually occurs, which can be assisted by gentle
stimulation of the perineum (Granger et al. 2020).
For some dogs, a meal or exercise is required to
enable them to defecate (Granger et al. 2020). Gen-
eral cleaning and grooming of the perineal skin are
essential to prevent infections and other adverse
conditions (Granger et al. 2020). It should there-
fore be emphasised that practically no fecal incon-
tinence occurs and that reflex movements of the
anal sphincter aid defecation.

From the above, animals with SW are bound to
have urination and defecation problems, but these
can be managed, at least to some extent.

Physical rehabilitation

Various techniques have been proposed aiming to
help an animal develop SW, butitis not the purpose
of this article to discuss physiotherapy in detail.

Although not proven, there is evidence that an in-
tensive rehabilitation program may benefit an ani-
mal with DPP loss more than a basic program that
includes only passive range of motion and assisted
walking (Olby et al. 2022, Lewis et al. 2020).

The programme should start within 1 or 2 weeks
after the lesion and last at least 8 weeks (Gallucci et
al. 2020). Early initiation of rehabilitation in animals
without DPP appears to improve development of
SW rates (Olby et al. 2022).

In the literature there are reports of physiother-
apy duration ranging from a few days to months
(Olby et al. 2022, Gallucci et al. 2020, Gallucci et al.
2017, Lovely et al. 1985, Martins et al. 2021). How-
ever, greater intensity (i.e. more days of the week,
more physiotherapy sessions and more hydrother-
apy sessions on a treadmill under water) is associ-
ated with more marked improvement in neurolog-
ical outcome and shorter time to achieving weight
bearing walking (Olby et al. 2022).

Specifically in animals paralysed after Hansen’s
type I IVDP in the thoracolumbar spine, the report-
ed frequencies of physiotherapy are 1 to 3 times
per day for hospitalised patients, 1 to 3 times per
week for patients who are going to visit the clinic
specifically for the session, and 1 to 5 times per day
for patients who do their physiotherapy at home

latpikh Zdwv Zuvipopldg = Tépog 12/ Teuxog 2 / 2023



VOKAOOTLKEG KLVNOELG TOU TIPWKTLKOU OQLYKTNpa
BonBouv otnv kévwon.

Ex Twv poavagepbévtwy, {wa pe NB elval Sedo-
HEvo OTL Ba €xouv TpoPArjuata ovpnong Kat agod-
Sguong, ta omola OPWC, PTTOPOUV VA AVTLPETWTIL-
0ToUV, TOUAAXLOTOV WG eva Babpd.

ducLKN amtoKatactacn

ALAYOPEC TEXVLKEC £XOUV TIPOTABEL TTOU VA OTOXEV-
ouv otnv umofonBnon evog (wou va avamtuget
NB, aA\d Sev elval okoTtog Tou apbpou n avaiutt-
K ava@opd otnv puolkoBepareia.

Mapott Sev elval amodeSeLlypévo, UTIAPXOUV EV-
Selelg OTL €va evtatiko Tpodypappa arokatdota-
ong (owg suvonoet éva {wo pe anmwAela tng EBAA
TepLooOTEPO, TIAPA €va BaAcLKO TIPOYpaApHA TIOU
TepA\apBavel povo mabntikd €VPOG Klvnong Kat
uttoBonBolpevn Badion (Lewis et al. 2020, Olby et
al. 2022).

To TpoOypappa TPETEL va EeKvroeL evtog 1 n 2
eBSopadwv amd tn BAARN Kat va SLapKECEL TOUAG-
xtotov 8 eBSopddec (Gallucci et al. 2020). H ané vw-
plg évap&n tng anokataotaong o {wa xwpig EBAA
palvetal va BeAtlwvel ta ocootd avarmtuéng NB
(Olby et al. 2022).

Ytnv BBAoypagia umtdpxouv avapopeg yla St-
APKELO (PUOLKOBEPATELG TIOU KUMAlveTaAl amo Ka-
TIOLEG PEPEG PEXPL MAvVeEG (Lovely et al. 1985, Gallucci
et al. 2017, Gallucci et al. 2020, Martins et al. 2021,
Olby et al. 2022). MAvtwg, YeyaAUTEPN EVTATIKOTN-
ta (8nA\adr mepLocdtepeg pEPeG TG RSopdAdag,
TIEPLOOOTEPEG ouVESPleC PuaOlkoBepamelag Kat
TieplooOTEpPEG ouveSpileg uSpobepamneiag oe Sa-
S5popo KATW armod To VePO) ouvséetal pe Tio alo-
onpelwtn BeAtiwon TNg VEUPOAOYLKNG ELKOVAG Kal
HLKPOTEPO XPOVO TIpOG TNV emiteuén Badlopatog
TIou va EpeL To Bdapog tou {wou (weight bearing
stepping) (Olby et al. 2022).

‘Ocov apopd el8kOTEpa o€ {Wwa TIOU TIAPEAU-
oav peta amo NMMA tomou I katd Hansen otnv ©0
polpa, oL avapepdpeVEG CUXVOTNTEG YUOLKOBEPa-
nelag elvat 1 pe 3 Qopég TNV NUEPa yLa acBevel
TIou voonAgvovtal, 1 pe 3 wopég tnv ERSopasda yla
0a0BeVE(C TIOU TIPOKELTAL VA ETILOKETITOVTAL TNV KAL-
VLK €L8LKA yLa TNV cuvedpla kal 1 Pe 5 popeg TNV
NUEPA yla acBevelg TTou KAVouV TNV YuaolkoBepa-
mela toug oto omitt (Olby et al. 2022).

Elvat onpavtikd va onpelwBel Tl Ta TpwTdKoA-
\a TpETeL va elval oxedlaopéva yla to Kabe Tept-
otatikd Eexwplota (Olby et al. 2022). Emiong mpé-
TeL va lvat Suvapikd Kal va TpoTomololvtal He
TNV TIapod0o Tou Xpodvou Kat TNV Stamiotwon BeAti-
wong i un avtamnokplong (Olby et al. 2022).

MapakATw avaEPOVTAL TEXVLKEG TIOU UTIOPOUV

Spinal walking in dogs and cats

(Olby et al. 2022).

It is important to note that protocols should be
designed for each individual case (Olby et al. 2022).
They should also be dynamic and modified over
time and as improvement or non-response is noted
(Olby et al. 2022).

The techniques that can be used are listed below,
in descending order of practicality and conveni-
ence.

Assisted standing

The effect of adding weight on gait recovery is well
known (Lovely et al. 1985, Tillakaratne et al. 2001,
Edgerton et al. 2007, See & de Leon 2012). Thus, a
key part of the rehabilitation programme should be
to enabling the animal to support its own weight
(Campbell & Huntingford 2016, Olby et al. 2022).

Exercise (Step training)

Research evaluating walking ability in cats that
exercised on a treadmill and in cats not exercised
after SC transection (De Leon et al. 1998), showed
that the former walked at a higher rate and better
than the latter.

Retraining the animal to walk can be done on an
electric treadmill and/or through hydrotherapy.

Sensory stimuli applied to the paw play an im-
portant role in the physiology of gait (Lovely et al.
1986, Tillakaratne et al. 2002).

Hydrotherapy, which is advisable to precede the
use of a land-based treadmill (Spinella et al. 2022),
can be done in two forms: walking on a treadmill or
swimming (Sherman & Olby 2004).

Range of motion (ROM)

This is the technique in which the joint is subject-
ed to passive or active flexion and extension. This
avoids the adverse effects that would result from
immobilisation, which include osteoporosis, mor-
phological and biochemical changes in articular
cartilage, loss of muscle elasticity, etc. (Sherman &
Olby 2004).

Medication

Research is ongoing to see if various drugs can be
used to facilitate spinal cord stimulation and re-
sponse to sensory stimuli. These act through ser-
otonergic, noradrenergic or glutaminergic action
or, constrastingly, through mobilisation of the in-
hibitory glycine and GABA neurotransmitters (Edg-
erton et al. 2008). However, they have not yet been
used in daily clinical practice, so we will not expand
further (Martins et al. 2022).
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va xpnotpototnBouly, Tagvounpéveg os @bivouoa
OELPA TIPAKTIKOTNTAG KAl EVKOALAG.

YrtoBonBouuevn opBootaocia

H emiSpaon mou €xeL n mpoobrikn Bdpoug otnv
EMAVAKTNON TG Basdiong elval eupéwg yvwotn
(Lovely et al. 1985, Tillakaratne et al. 2001, Edgerton
et al. 2007, See & de Leon, 2012). ‘EtoL, Bactko pé-
pOC TOU TIPOYPAHHATOC OTIOKATACTACNG TIPETIEL VA
amoteAel n tpoomdbela Tto {wo va PTopeL va otn-
pi&eL to Bapog tou (Campbell & Huntingford 2016,
Olby et al. 2022).

Acoknan (Step training)

‘Epeuva mou afloAdoynoe tnv kavotnta Rasiong,
HETA amo Siatopn tou NM, o€ yAteg TIoU €kavav
Aoknon o€ SLASPOHO KAL OE YATEG TIOU SV AOKOU-
vtav (De Leon et al. 1998), ¢8elée OTL oL TIPWTEG
TIEPTIATNOAV OE PEYAAUTEPO TTOCOOTO KAl KAAUTEPA
amod TIC TeEAEUTalEG.

H emavekpadnon tou (wou va Badilel ymopel va
ylvel og nhektplkd SLdSpopo f/kal péow uSpobe-
parneiag.

Ta atoBntikd epebilopata mou ackouvtat oTo TIEA-
pa matlouv onuavtikd polo otn @uaololoyia tng
Basiong (Lovely et al. 1986, Tillakaratne et al. 2002).
H uSpobepaneia, n omola kaAod elvat va Tponyei-
Tat g xprong xepoaiou Stadpdpou (Spinella et
al. 2022) pmopel va yivel og §Uo popweg: Basdilo-
vtag oe U§PoSLASpopo 1 KoAupTiwvtag (Sherman
& Olby 2004).

Eupog kivnang (Range of motion, ROM)

MpOKeLTAL yla TNV TEXVLKN Katd tnVv omola n dp-
Bpwon uTtoKELTAL OE TIABNTLKN 1 EVEPYNTLKI KAPYN
Kat éktaon. ‘EtoL amnogeUyovtal ol SUCPEVELG eTtL-
TITWOELG TIou Ba TipogkuTITAV amd TNV aKLvnToTol-
nor tng, ot omoleg petafu dAwv cupmephapPd-
VOUV 00TE0TIOpWON, HOPPYOAOYLKEG KAl BLOXNHLKEG
HETABOAEG OTOV apBpPLKO XOVEPO, ATIWAELA TNG EAO-
OTLKOTNTAG TWV PUWV K.a (Sherman & Olby 2004).

dappakeuTikl aywyn

TuVEXWE EPELVATAL QV SLAYOPEG (PUPHAKEUTLKEG
ouaoleg pmopouv va xpnotpotolnBoly yla va St-
€UKOAUVOULV TN SLEYEPON TOU vwTLlaiou Pughou Kat
TNV amoKpLoT) Tou o€ aloOntikd epebiopata. AUTEG
S5pOUV PECW OEPOTOVIVEPYLKNAG, VOPASPEVEPYLKAG
N YAOUTOQULVEPYLKAG Spdong 1, avilBeTwe, HEoW
KLVNTOTIOLNONG TWV avaoTaATkwy veuposdlaBLpBa-
otwv yAukivng kat GABA (Edgerton et al. 2008).
Akdpa Opwg Sev €xeL ylvel xprion toug otnv Kabn-
HEPLVN KAWVLKN TIPAEN, oTtote Sev Ba emektabolpe
mepattépw (Martins et al. 2022).

Practice of proprioceptive sensation

These are exercises designed to increase the pro-
prioception and use of the limbs by the animal. A
prerequisite for them to be performed is that the
animal can carry enough of its own weight and can
walk with some assistance (Sherman & Olby 2004).

Dorsal stimulation

Electrode placement and tonic stimulation of the
dorsal surface of the lumbosacral spine can induce
movements in animals with a complete SC dissec-
tion (Edgerton et al. 2008). Studies in rats have
shown that combining this method with drugs has
a synergistic effect in achieving movement (Edger-
ton et al. 2008). Other forms of electrical stimula-
tion incorporated into the rehabilitation program
also appear to aid in the recovery of gait, such as
Interferential Electrical Stimulation (IES), Function-
al Electrical Stimulation (FES), and Transcutaneous
Electrical Spinal Cord Stimulation (TESCS) (Martins
etal. 2021).

Effectiveness of rehabilitation
techniques

Indications of improvement and recovery of SW in
the course of rehabilitation are the lack of need for
stimulation of the perineal reflex in order for the
animal to stand/move, the lack of need for external
assistance for the initial flexion of the hindlimbs,
achieving more weight-bearing steps, improved
gait quality and duration, the ability to walk at high-
er treadmill speeds, no need for external weight
support and more correct foot positioning (Love-
ly et al. 1985, de Leon et al. 1998, See & de Leon,
2012). As already mentioned, the time required to
achieve SW varies (Lovely et al. 1985, Gallucci et al.
2017, Gallucci et al. 2020, Martins et al. 2021, Olby
etal. 2022), so the perception of some of the clinical
signs above should alert the clinician to a possible
positive outcome and encourage them to continue
the rehabilitation effort.

In a study by Gallucci et al. (2017) including 81
dogs without DPP who underwent a rehabilitation
programme, 59% of them developed SW over an
average of 75 days. In a later study by Gallucci et al.
in 2021, 45% of cats were found to have developed
SW with an average duration of rehabilitation of 46
days (and range 15-302 days). It therefore appears
that about half of the animals that underwent
physiotherapy developed SW.
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E§doknaon tng t6L0dekTLkn§ atoOntikotnrag
MpAKeLTAL yLO AOKIOELG TIOU ATTOCKOTIOUV OTNnV auv-
€non ™G LSLOSEKTLKOTNTAG KAl XProNG TwV AKPpWY
a6 to {wo. NpoimdBeon yLa va eKTeEAeoTOVY, lvat
va propel to wo va PEPeL apkeTod amo to BAapog
TOU Kat va ptopel va mepTatd pe kamola Borbeta
(Sherman & Olby 2004).

Payiaia 6itéyspan

H tomoB£tnon NAEKTPOoSiwy Kat N TOVLKNA SLEyepon
™G paxlalag mMuUpaAveLag TG ooPuUolepAg poipag
TNG OTIOVSUALKNG OTAANG PTIOPEL VA TIPOKAAEDEL KL-
VA oeLg og {wa pe TIARpn Statopr] tou NM (Edgerton
et al. 2008). MeAéteg o apoupaioug £5el€av OTL 0
ouVSLAoPOG TN PeBOSoU autng padl pe pappaka
€XEL OUVEPYLKO ATIOTEAECHA OTNV ETiTEVEN Kivnong
(Edgerton et al. 2008). AMNEG HOPWEG NAEKTPOSLE-
YEPONG EVOWHATWHEVEG 0TO TIPAYpAPPa ATIOKATA-
otaong walvetat eniong va Bonbouv otnv enava-
Ktnon tng Basdiong, o6mwg n Interferential Electical
Stimulation (IES), Functional Electrical Stimulation
(FES), kau Transcutaneous Electrical Spinal Cord
Stimulation (TESCS) (Martins et al. 2021).

ATIOTEAEGHATLKOTNTA TEXVLKWV
amokatactaong

Evéei&elg BeAtiwong kat avdktnong NB otnv mo-
pela tng amokatdotaong ival n yn avaykn Sié-
YEPONG TOU TEPLVEIKOU AVTAVAKAAOTLKOU yla va
otaBei/kvnBel to Cwo, N PN avaykn eEWTePLKAG
uttoBonBnong tng apxkng KApyng Twv omobiwv
AKPWV, N ETITEVEN TIEPLOOOTEPWY PBnUATWY TIOU
@Epouv To Bdpog tou, N BeAtiwon Tng moldTnTag
Kat SLapkeLag tou Badiopatog, n wkavotnta Pasdt-
ONG 0€ PEYAAUTEPEG TaXUTNTEG TOU SLaSpopou, N
pn avaykn €EwTtePLKNG utootpléng tou Bdapoug
Kat n opBotepn tomoBétnon tou méApatog (Lovely
etal. 1985, de Leon et al. 1998, See & de Leon, 2012).
‘Ontwg Adn avawépbnke, o xpoOvog Tou amatteltat
yla tnv emniteuén NB mowkiMeL (Lovely et al. 1985,
Gallucci et al. 2017, Gallucci et al. 2020, Martins et
al. 2021, Olby et al. 2022), omtote N Mapatripnon Ka-
TIOLWV aTtd TA TIPOAVAPEPBEVTA KALVIKWVY ONUELWV
BeAtiwong Ba pemeL va TipolSeAleL ToV KALVLKO yLa
TOavn BeTikn €KBaon Kal va Tov TIPOTPETIEL OTN
OUVEXLON TNG TIPOOTIABELAG ATIOKATACTAONG.

Te épeuva Twv Gallucci et al. (2017) mou cupte-
pLtéAaBe 81 okUAoug xwpig EBAA, oL otolol uTto-
BANBNKav o€ TPOYPAUHA ATIOKATACTACNG, TO 59%
autwv aventuée NB o€ Staotnua katd péco 6po 75
NUEPWV. Z€ PeTAyEVEDTEPN £peuva Twv Gallucci et
al. 10 2021, Bpebnke OTL TO 45% TWV YATWV AVETITU-
&e NB pe p€oo 0po SLApKeLag TG amokataotaong
TLG 46 NEPEC (kaL eVPoG 15-302 nuépeg). Paivetal

Spinal walking in dogs and cats

Conclusions

In conclusion, dogs and cats that suffer an acute
injury to the thoracolumbar SC that causes loss of
DPP are likely to develop SW. While this is attrib-
uted to the plasticity of the nervous system, it can
also be assisted by a physical rehabilitation pro-
gramme designed according to the needs of each
animal, which both prepares the animal’s musculo-
skeletal system and assists the development of the
physiological changes responsible for SW. SW of-
fers potential in terms of walkability of the animal,
but restoration of normal urination should not be
expected. However, urinary and fecal incontinence
could be managed by a dedicated caretaker, de-
termined to find the right programme to suit their
animal.
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NwTttaia Badion oto 6KUAo Kat Tn ydra

Aourtdv OTL epimou Ta pLod {wa mou uttoBARBnKav
o€ puolkoBepamneia aventu&av NB.

Zupmepdopata

Ev katakAelSL, okUAOL Kal ydteg Tou uglotavtat
ofela kakwon otn ©0 poipa tou NM n otola Tpo-
KaAel anwAela tng EBAA, g€xouv miBavotnta va
avamtu&ouv NB. Autd evw amodidetatl otnv TAa-
OTLKOTNTA TOU VEUPLKOU OUCTAMATOG, PTopel va
uttoBonBnBel kat amd €va TPOYypaAPHA PUOLKNAG
aTIOKATACTACNG OXESLAOHEVO CUHPWVA HE TLG aVa-
YKEG TOU KABe {Wou, TIOU APEVOG VA TIPOETOLUATEL
TO MUOCKEAETIKO cUOTNUA TOU {WOU KAl APETEPOU
va CUVSPAPEL OTNV QVATITUEN TWV (PUCLOAOYLKWY
aMaywv Tou euBuvovtat yia tn NB. H NB mtpoosi-
SEL TIPOOTITLKEG OO0V APOPA OTNV TIEPLTTATNTIKOTN-
TA TOU {WOoU, WOoTOOO SV TIPETIEL VA AVAPEVETAL KAl
aTIoKATACTACH (PUOLOAOYLKNG 0Upnong. Evtoutolg,
N akpdtela oUpWV Kal KOTipAvwv Ba pmopouoe va
avTlgeTwTILoTel amo éva a@ooLWPEVO KN&epdva,
amoWaoLopévo va Bpel To owotd TPoOypappa TIou
TalpLadet oto Jwo tou.
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