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IEVADS

Aktualitate

Attistoties vizualas diagnostikas nozarei veterinarmedicina Eiropa un
Latvija, arvien aktualaki klGst petijumi par dazadu dzivnieku sugu
ortopediskajam slimibam. Viena no biezak sastopamajam ortopediskajam
slimibam jauniem suniem ir elkona locitavas displazija (ED).

P&c Starptautiskas elkonu darba grupas (IEWG) (anglu International
elbow working group) definicijas, ED ietver tadas elkona locitavas parmainas,
ka fragmentgts medialais koronoida izaugums (processus coronoideus medialis),
nesavienojies elkona kaula kasveida izaugums (processus anconeus), locitavas
inkongruence, locttavas skrimsla bojajumi, ka ar1 osteohondroze. Viena no
biezak sastopamajam ED patologijam ir mediala koronoida izauguma jeb
processus coronoideus medialis slimiba.

Elkona locitavas displazija bija sastopama jau senatné. Par to liecina
arheologiskais p&tijums, kura analiz&ti aptuveni 14500 gadus veci kauli. Elkona
kaula proksimalaja dala aprakstitas osteoartrozei raksturigds parmainas 7.5
meénesus vecam un 15.7 kg smagam sunim (Janssens et al., 2016).

Maisdienas $1 slimiba plasi aprakstita pasaule un arT Latvija arvien pieaug
to klinisko gadijumu skaits, kad jauniem, liela un gigantiska auguma, atri
augoSiem suniem diagnosticé ED, t.sk. mediala koronoida izauguma slimibu
(MCD). Diagnosticét sunu elkonu locitavas slimibas svarigi ir tapéc, lai ne tikai
arst€tu konkrétu individu, bet arT lai izvairitos no $adu sunu izmantoSanas
reprodukcija. Uzskata, ka elkona locitavas displazija ir iedzimta slimiba un to
var parmantot nakamajas sunu paaudzgs.

Péc IEWG izveidotas sunu elkonu locitavas novertéSanas sist€émas ka
pamatmetodi slimibas diagnostika izmanto rentgenografisko izmeklé$anu, tomer
§1 metode nesniedz vajadzigo prieksSstatu par locitavu veidojosajam struktiiram,
tapec nepiecieSams veikt papildu izmekl&jumus un biezak pielietota metode ir
datortomografija.

Daudzas Eiropas valstis veikti p&tfjumi, lai noskaidrotu MCD c&lonus,
bet, neskatoties uz IidzSingjiem atklajumiem, tom&r pastav neskaidribas un
uzskata, ka visi iesp&jamie slimibas c€loni vél nav atklati. Tas ir iemesls, kapéc
MCD uzskata par multifaktoralu. Viens no pienémumiem, kas minéts
zinatniskajas  publikacijas, ir, ka pleca divgalvainais muskulis
(musculus biceps brachii) un pleca muskulis (musculus brachialis), kas
pievienojas pie processus coronoideus medialis, var izraisit $§1 izauguma
bojajumus (Michelsen, 2013).

Promocijas darbs izstradats LLU Veterinarmedicinas fakultates
Klmiskaja institita un LLU Veterinaraja klinika laika posma no 2014. Iidz
2018. gadam sadarbiba ar Justus Liebig universitati Giseng, Vacija.
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Pétfjuma meérkis un hipoteze

Promocijas darba hipotézi: musculus biceps brachii un musculus brachialis
morfologija ir atSkiriga suniem ar mediala koronoida izauguma slimibu un
kliniski veseliem individiem.

Promocijas darba merkis ir p&tit musculus biceps brachii un musculus
brachialis morfometriskos parametrus datortomografijas att€la un to savstarpgjo
saistibu suniem ar mediala koronoida izauguma slimibu.

Promocijas darba uzdevumi

1. Noteikt un aprakstit elkona kaula processus coronoideus medialis
morfologiskas parmainas datortomografijas attéla suniem ar mediala
koronoida izauguma slimibu.

2. lzstradat metodi processus coronoideus medialis blivuma noteikS$anai
datortomografijas attéla Haunsfilda vienibas un noteikt atSkiribas $aja
merjjuma starp mediala koronoida izauguma slimibu skartajiem un
veseliem suniem.

3. Izstradat metodi musculus biceps brachii cipslas distalas
piestiprinasanas vietas noteikSanai datortomografijas att€la un noteikt
atSkiribas $aja mérjjuma starp mediala koronoida izauguma slimibu
skartajiem un veseliem suniem.

4. Noteikt musculus biceps brachii un musculus brachialis tilpumu un
maksimalo anatomisko skérsgriezuma laukumu individiem ar mediala
koronoida izauguma slimibu un veseliem suniem.

5. Noteikt musculus biceps brachii un musculus brachialis iespg&jamo
ietekmi uz mediala koronoida izauguma slimibas attistibu suniem.

Promocijas darba zinatniska novitate

e Pirmo reizi Latvija petita mediala koronoida izauguma slimiba
suniem, pielietojot datortomografijas izmekléSanas metodi.

o Izstradata musculus biceps brachii distalas piestiprinasanas vietas pie
processus coronoideus medialis noteikSanas metode
datortomografijas attgla.

e Izstradata processus coronoideus medialis un elkona kaula bloka
ieroba (incisura trochlearis) distalas dalas apvidus blivuma
noteikSana Haunsfilda vienibas, pielietojot datortomografijas att€lu
rekonstrukcijas.



o Noteikts musculus biceps brachii un musculus brachialis maksimalais
anatomiskais Skérsgriezuma laukums, un tilpums kliniski veseliem
suniem un individiem ar mediala koronoida izauguma slimibu.

e Noteikta musculus biceps brachii cipslas distala piestiprinasanas vieta
pie processus coronoideus medialis suniem ar mediala koronoida
izauguma slimibu un kliniski veseliem individiem.

e Izpetitas pazimes un noteiktas likumsakaribas starp processus
coronoideus medialis izmaipam un muskulu morfometriskiem
kvantitativiem lielumiem, individiem ar mediala koronoida izauguma
slimibas klinisko gaitu.

e Reckomendéts kliniskai praksei multidimensials datortomografijas
radiologiskas izmeklé$anas algoritms ar kvantitativiem mérijjumiem,
suniem ar mediala koronoida izauguma slimibu primarai patologiju
diagnostikai un iegiito rezultatu izverteésanai.

Pienesums nozares attistibai

Ir izstradata metode processus coronoideus medialis blivuma noteikSanai
datortomografijas attéla un iegiitas processus coronoideus medialis blivuma
mérvienibas Haunsfilda vienibas individiem ar mediala koronoida izauguma
slimibu un kliniski veseliem suniem. legiitas blivuma vertibas biis pielietojamas
veterinaraja radiologija, analizgjot elkonu locttavas datortomografijas att€lus, un
laus agrini noteikt processus coronoideus medialis un elkona kaula incisura
trochlearis distalas dalas subhondralo sklerozi. Darba iegiitas musculus biceps
brachii un musculus brachialis morfometrisko mérijumu vértibas turpmak biis
izmantojamas veterinarmedicinas praksé un turpmakajos zinatniskajos
pétijumos.

Personigais ieguldijums

Promocijas darba autors LLU Veterinarmedicinas fakultaté ir veicis visus
datortomografijas izmekl&jumus, ka ar1 piedalijies visu p&tijuma ieklauto sunu
datortomografijas att€lu analizé un veicis visus pétijuma paredz&tos
morfometriskos mérfjjumus, to apkopojumu un datu statistisko apstradi, un
interpretaciju, ka ar sagatavojis zinatniskos rakstus un uzstajies starptautiskas
zinatniskas konferences.
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MATERIALS UN METODES

Pétijuma laiks, vieta un pétijuma shéma

Izmeklgjumi veikti no 2014. lidz 2018. gadam Latvijas Lauksaimniecibas
universitates Veterinaraja klinika un Justus Liebig universitates (JLU)
Veterinarmedicinas fakultate, Vacija.

Promocijas darba praktiskas dalas izstrades gaita iedalama cetros posmos.

1. Klmiska izmeklesana:
e pacienta registracija;
e anamnézes ievaksana;
e vispargja kliniska izmekleSana;
e ortopediska izmeklesana.
2. Datortomografijas izmeklIgjums.
3. Datortomografijas att€lu analize un interpretacija, un sunu iedaliSana
grupas.
4. Muskulu morfometriskie mérfjumi.

Promocijas darba analizéti dzivnieku Tpasniekiem piedero$u sunu
datortomografijas (DT) izmeklgjumi no LLU Veterinaras klinikas un JLU
Veterinarmedicinas fakultates klinikas datubazes. Dzivnieku 1pasnieki
veterinarajas klinikas bija ieradusies, lai veiktu DT izmekl&jumu sava aizgadniba
esoSajiem suniem. LLU Dzivnieku labturibas un aizsardzibas &tikas padome,
izskatot pétijuma metodologiju, devusi atzinumu (protokols Nr.18/1), ka
padzilinata pétljuma analize, un atlauja no Partikas un veterinara dienesta,
pétijuma veikSanai nav nepiecie$ama. P&tljuma analizéti DT dati, neieklaujot
informaciju par dzivnieku Tpasniekiem.

Pacientu ieklauSanas Kritériji.

1. Liela un gigantiska izméra suni.

2. Vecuma no sesiem lidz 36 méneSiem.

3. Suni, kuriem veikts DT izmekl&jums un uzstadita mediala koronoida
izauguma slimibas diagnoze. Sadi suni ieklauti mediala koronoida
izauguma slimibas (MCD) skarto sunu grupa.

4. Suni, kuriem veikts DT izmeklgjums un patologiskas parmainas
muskuloskeletalaja sistéma nav noteiktas. Sadi suni ieklauti kontroles
grupa.
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Pacientu izslég§anas kriteriji.

1. Suni, kuri neatbilst ieklauSanas kriterijiem.
2. Suni, kuriem iznemot MCD, novero citas slimibas.

Lielakajai dalai pacientu noziméts DT izmekl&jums, jo tiem noveroja
klibumu ar vienu vai abam priek$kajam. Atseviskiem dzivniekiem veikta DT,
bez anamnézes datos esoSas informacijas par klibuma kltnisku izpausmi. Sadi
izmeklgjumi veikti, pamatojoties uz dzivnieka Ipasnieka v€lmi, lai noteiktu
elkona locitavas stavokli, ja pe&c rentgenografiskas izmekléSanas to nebija
iespgjams pilnvertigi izdarit. Péc DT izmekl&juma, no petjjuma izslédzam sunus,
kuriem DT attéla noteicam citas muskuloskeletalas slimibas, biezakas no tam
bija nesavienojies kasveida izaugums un elkona locitavas inkongruence.

Datortomografija izmeklGjamais apvidus katram pacientam tika
individuali pielagots, atkariba no kliniskajam pazimém un ortop&diskas
izmekl&Sanas rezultatiem. Ja suniem, Kuriem ortop&diskas izmekléSanas laika
nebija, nosakama skarta locitava, ka klibuma cglonis, tad datortomografiju
veicam gan elkona, gan pleca locitavam. Suniem, kuriem ortopediskas
izmeklgSanas laika ka klibuma c€lona lokalizacijas vieta tika noteikta elkona
locitava, tad izmekl&jums veikts tikai skartajam apvidum. Pamatojums tam, ka
DT izmeklgjumu gan elkona, gan pleca locitavai neveicam visiem pacientiem,
bija izmeklgjuma laika sanemta starojuma devas ierobezoSana. No JLU datu
bazes petijuma sakuma posma atlasijam DT izmeklgjumu att€lus, kas atbilda
petijuma ieklausanas un izslégsanas kriterijiem.

Péetijuma kopa

Petjjuma ieklauts 91 suns. Visi pétijuma ieklautie suni bija liela un
gigantiska auguma, atri augoSas sunu S$kirnes, vecuma no seSiem lidz 30
ménesiem, kuriem DT diagnosticéta mediala koronoida izauguma slimiba, ka ar1
ieklauSanas un izslégsanas krit€rijiem atbilstosi kontroles grupas suni. P&tijuma
ieklautas sunu Skirnes, vidgja kermena masa un vid&jais vecums redzams
1. tabula.
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1. tabula/Table 1

Pétijuma ieklauto sunu skirne, dzimums, vidéjais vecums un kermena
masa/ In a study included dogs breed, sex, average age and weight

Dzimums/Sex Videjais vecums Vidgja
vecu
Skirne/ Kopa/ (ménesi)/ nlf aesr;n(ekr’;a) /
Breed Total | Viriska/ | Sieviska/| Average age Average
Male | Female (months) Weight (kg)
Vacu aitu suns/ 26 19 7 18.1 32.2
German Shepherd dog
Labradors retrivers/ 26 18 8 20.4 26.8
Labrador Retriever
Zeltainais retrivers/ 12 7 5 22.9 29.5
Golden Retriever
Bernes ganu suns/ 10 3 7 27.6 39.2
Bern mountain dog
Bezskirnes/ 5 5 0 12.4 30.7
Mix breed
Lendzirs/ 1 0 1 22.0 48
Landseer
Nufaundlends/ 2 1 1 10.0 61
Newfoundland
Rotveilers/ 2 1 1 8.5 225
Rottweiler
Kane Korso/ 3 2 1 13.3 42.7
Cane Corso
Pirinejas kalnu suns/ 1 1 0 12.0 53.0
Pyrenean mountain dog
Vidusazijas aitu suns/ 2 1 1 6.0 45.0
Central Asian Shepherd dog
Bordo dogs/ 1 0 1 6.0 28.0
Bordo dogs
Kopsavilkums/Total 91 58 33 15.7 38.2

Sunus grupas iedalijam péc sekojoSiem kritérijiem.

e Péc DT izmekleta apvidus (elkona locitava vai elkona un pleca

locitava).

e P&c diagnozes (suni ar MCD un kliniski veseli individi).

P&c datortomografijas izmekl&juma un kriteriju atbilstibas noveértejuma,
suni sadaliti divas galvenajas grupas un katra galvena grupa divas apaksgrupas.
Suni ar MCD ieklauti pirmaja grupa, bet suni bez patologiskam parmainam otraja

grupa.
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Pirmaja grupa esoSos sunus ar MCD iedalijam 1A un 1B apakSgrupas,
vadoties pé&c ta, vai DT izmekl&tais apvidus bija tikai elkona locttava (1A grupa)
vai elkona un pleca locitava (1B grupa).

Suniem, kuriem DT izmekl&jums veikts tikai elkona locitavam, noteicam
musculus biceps brachii piestiprinasanas vietu pie mediala koronoida izauguma
(MCP), bet suniem, kuriem izmekl&jums veikts gan pleca, gan elkona locitavam,
noteicam gan musculus biceps brachii piestiprinasanas vietu pie MCP, gan
musculus brachialis un musculus biceps brachii tilpumu un maksimalo
anatomisko Skérsgriezuma laukumu.

Kontroles grupa ieklavam sunus, kuriem muskuloskeletala sisteéma
patologiskas parmainas nediagnostic&jam. Ieviesam divas kontroles grupas: 2A
apaksgrupa ieklauti suni, kuriem DT izmekl&jums veikts tikai elkona locitavam,
bet 2B apaksgrupa suni ar DT izmekl&jumu gan elkonu, gan pleca locttavam.
Kontroles grupas suniem atbilstosi apakSgrupai veicam mérijumus ka pirmaja
grupa ieklautajiem suniem.

Kontroles grupa ieklauti dazadu Skirnu suni, kas atbilda noteiktajiem
petijuma ieklausanas un izslégsanas vecuma kriterijiem, ka ari kliniskas un
ortopediskas izmekléSanas un DT izmeklgjuma tiem nekonstatgjam
muskuloskeletalas sisttémas patologijas vai citas sistémiskas slimibas.

1A grupa ieklauti 44 suni (Vacu aitu suns n=13, labradors retrivers n=15,
zeltainais retrivers n=3; Bernes ganu suns n=7; bezskirnes n = 4, lendsirs n=1,
Nifaundlends n=1), no kuriem 29 bija viriska, bet 15 sieviska dzimuma. 1B
grupa ieklavam 21 suni (Vacu aitu suns n=6, labradors retrivers n=9, Bernes ganu
suns n=1, bezskirnes n=1, Nufaundlends n=1, Rotveilers n=2, Vidusazijas aitu
suns n=1) no kuriem 17 bija viriska, bet Cetri sieviska dzimuma.

Kontroles grupa 2A bija 16 suni (Vacu aitu suns n=4, labradors retrivers
n=1, zeltainais retrivers n=9, Bernes ganu suns n=1, Bordo dogs n=1) no kuriem
sesi bija sieviska, bet desmit viriska dzimuma. 2B kontroles grupa sastavéja no
10 suniem (Vacu aitu suns n=3, labradors retrivers n=2, Bernes ganu suns n=1,
kane korso n=2, Pirinejas kalnu suns n=1, Vidusazijas aitu suns n=1), divi bija
sieviska un astoni viriS$ka dzimuma suni.

Datortomografijas izmeklejums

Datortomografijas izmeklgjumus LLU Veterinaraja klmika veicam ar
PHILIPS MX-16 datortomografu un Justus Liebig Universitaté ar Philips
Brilliance TM CT 16 datortomografu. Gan Philips MX - 16, gan Philips
Brilliance TM ir 16 slanu datortomografi, kas piemé&roti ikdienas
datortomografijas izmekl&jumiem, ieglistot labas kvalitates izmekl&jumu attelus.

Izmekl&jumi gan LLU VK, gan JLU veikti suniem, atrodoties vispar&ja
anestézija, pievienoti inhalacijas iekartai (Eickmeyer NarkoVet) ar 100%
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skabekli un 1% izofluranu skabekla atSkaidjjuma. Ar kardiomonitoru
(Bionet BM5Vet) kontrolgjam sirdsdarbibas un elpoSanas frekvenci, skabekla
piesatinajumu asinis (SpO2). Premedikacija katram pacientam tika pielagota
individuali un to veica LLU VK un JLU veterinarie anesteziologi. Sunus
fiks€jam mugurgula uz datortomografa izmekl&uma galda, ar izstieptam un
paraleli novietotam priekskajam. Fiksacijai izmantojam radiolucentas
paligierices, kas neietekmé iegiito izmekl&jumu rezultatu kvalitati.

Datortomografijas izmekl&jumi tika veikti, pielietojot divus DT tehniskos
protokolus. Datortomografijas izmekl&jumos pielietoto protokolu tehniskie dati
atspoguloti 2. tabula.

2. tabula/Table 2

Datortomogrifijas tehniskie protokoli/ Technical protocols of a computed

tomography
Slana biezums [Rentgena spuldzes
Protokols/ Kolimators/ (mm)/ rotacijas atrums
Protocol kV'| mAs Collimator | Slice thickness (s)/ WL ww
(mm) Rotation time (s)
“E” 140| 250 16*0.75 0.75 1 500 | 1600
“p” 120| 250 16*0.75 2.0 1 40 | 350

Kilovolti/kilovolts (kV); miliampéri sekundé/miliampere-seconds (mAS), loga
Iimenis/window level (WL), loga platums/window width (WW)

Protokolu “E” izmantojam visiem pétjjuma ieklautajiem suniem, bet
protokolu “P” 1B un 2B apaksgrupas ieklautajiem individiem.

Protokolam “E” izmeklgjuma laukums bija elkona apvidus ~ 5 cm
proksimali no pleca kaula kondiliem lidz ~ 5 cm distali no spieka kaula galvas.
Protokolam “P” izmekl&jamais apvidus bija no lapstinas kaklina Iidz, apméram,
5 cm distali no spieka kaula galvas. Metodikas kop&ja shéma atbilstosi
pielietotajam datortomografijas protokolam redzama 1. attgla.

Izmekléjuma gaita 1A un 2A apakSgrupu suniem.

e  Izmeklgjuma apvidus — elkona locitava.

e Sakuma veikts bezkontrasta jeb nativais DT izmekl&ums ar protokolu
“E”.

e Pielietota pozitiva kontrastéSana ar ioperamide 623 mg/ml kontrastvielu
ar devu 2 ml/kg intravenozi.

e Laika posma Ilidz divam minitém pe&c kontrast€Sanas procediiras,
suniem atkartoti veikts DT izmekI&jums pielietojot protokolu “E”.
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Izmekléjuma gaita 1B un 2B apaksSgrupu suniem.

Izmeklgjuma apvidus — elkona un pleca locTtavas.

Sakuma veikts bezkontrasta jeb nativais DT izmekl&jums elkona
locitava ar protokolu “E” un izmekl&juma apvidus pleca un elkona
locttavam ar protokolu “P”.

ar devu 2

ml/kg intravenozi.

Pielietota pozitiva kontrasté$ana ar ioperamide 623 mg/ml kontrastvielu

Laika posma lidz divam minitém p&c kontrastéSanas procediras,

suniem atkartoti veikts DT izmekl&jums pielietojot protokolu “E” un
“P” protokolus.

N=91

Pétijuma kopa/study groups
Suni ar MCD un kontroles
grupas individi/Dogs with MCD
and control group

/

Suni ar MCD/Dogs with

1. grupa/group

\

2. grupa/group
Kontroles grupas

MCD suni/Control group
N=65 N=26
1A grupa/group 1B grupa/group 2A grupalgroup 2B grupa/group
DT elkona DT elkona un pleca DT elkona DT elkona un pleca
locitavam/CT -Elbows locitavam/CT - I locitavam/CT -
locttavam/CT -
N=44 Elbows and shoulders Elbows and shoulders
B Elbows -
N=21 N=16 N=10
BBM BBM BBM un BM
piestiprinasanas BBM un BM piestiprinasanas tilpums un
vieta pie tilpums un vieta pie mCSA/BBM and
MCP/BBM mCSA/BBM and MCP/BBM BM volume,
insertion place to BM volume, mCSA insertion place to mCSA
MCP MCP

1. att. Petijjuma shéma
Fig 1 Study schema

Musculus biceps brachii (BBM); musculus brachialis (BM), maksimalais $kérsgriezuma
laukums/maximum cross-sectional area (mMCSA)
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Datortomografijas izmekléjumu analize un papildu meérijumi

Datortomografijas izmekl&jumu interpretacija un analize ieklava elkona
locttavu veidojoso kaulu veérteésanu DT kaulu loga un muskulaudu, cipslu apskati
miksto audu loga. Datortomografijas attélus analiz&jam tiis dazadas plaknés
(transversala, dorzala un sagitala) un galveno akcentu veérsam uz locitavu statusa
noteikSanu, t.i. vai sunim novéro ED, t.sk. MCD raksturigas parmainas.
Strukturali vertéjam pleca kaula kondilus, MCP, kasveida izaugumu, spieka
kaula galvu un locttavas kongruenci.

Saja pétijuma posma izsledzam sunus, kuriem iznemot MCD, novéroja
ar citas muskuloskeletalas sistémas slimibas, kas ietekm&tu planotos
morfometriskos mérfjumus, piemeéram, elkona locitavas inkongruenci.

Mediala koronoida izauguma blivama noteiksana

Analizéjot DT izmeklgjuma rezultatus, velgjamies precizi noteikt
sklerotiskas izmainas elkona locTtavas, jo literatiira noradita informacija, ka SHS
ir agrina pazime, kas var noradit uz MCD (Michelsen, 2013; Temwichitr et al.,
2010). ST iemesla d& veicam MCP blivuma mérfjumus p&c literatiira aprakstitas
metodikas Villamonte-Chevalier et al., 2016, (metode nr.1) un masu izstradatas
blivuma noteik$anas metodes (turpmak teksta metode nr.2).

Péc metodes nr.1 mediala koronoida izauguma blivumu noteicam gan
mediala koronoida izauguma pamata, gan galotnes rekonstrukcijas (2. attels),
katra pa diviem izmeklgjuma apvidiem (ROI — region of interest).

2. att. Mediala koronoida izauguma blivuma péc Villamonte-Chevalier
et al. (2016) metodes
Fig 2 Radiodensity measurements of a medial coronoid process by

Villamonte-Chevalier et al. (2016) method
Humerus (H), ulna (U), mérijumu laukums/region of interest (ROI)
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P&c pirmas metodes mérfjjumu veiksanas, uzsakam merfjumus péc miisu
izstradatas metodikas (metode nr.2). Misu izstradataja metode (3. attels),
transversala plakn€ ka izejas punktu noteicam pleca kaula kondilu viduspunktu,
lai iegltu MCP pamata limeni. Transversala rekonstrukcija MCP pamatnes
Iimeni sakrita ar Villamonte et.al. (2016) metodi.

Sagitalaja rekonstrukcija vispirms novilkam perpendikularu liniju (A) no
elkona kaula proksimalas metafizes MCP Iimena Iidz elkona kaula garozas
kaudalajai dalai un otro Iliniju (B) spieka kaula proksimalas fizikalas linijas
Iimeni, 1idz elkona kaula garozas kaudalajai dalai. Starp novilktajam A un B
linijam noteicam blivumu Haunsfilda vienibas (HU). Blivuma mérijjumi veikti
neieklaujot elkona kaula garozas dalu. M&rfjumu rezultata ieguvam automatiski
kalkuletu vidgjo blivumu HU noteiktaja apvida.

3. att. Mediala koronoida izauguma blivuma mérijumi sagitala plakné péc
metodes Nr.2
Fig 3 Radiodensity meassurament of a medial coronoid process by
method No 2
Humerus (H), ulna (U), radius (R), linija A un B norada mérijjuma laukumu (X)/line A
and B shows a measurement area(X)
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Musculus biceps brachii piestiprinasanas vieta pie mediala koronoida
izauguma

MeérTjumus veicam ar Horos v2.2.0 3D — Curved — MPR funkciju un ar §Ts
funkcijas palidzibu, DT izmekl&jumi vienlaikus skatiti transversala, sagitala un
dorzala plakng. Vispirms transversala plakné ar divam linijam (C un D)
atzim&jam musculus biceps brachii cipslas piestiprinasanas vietas dorsalo malu
pie MCP. Dorzalas plaknes rekonstrukcijas att€la novilkam taisni (zala linija) no
pleca kaula locitavvirsmas starp kondiliem Iidz iepriek§ atziméta punkta

4. att. Musculus biceps brachii piestiprinasanas vietas mérijumu tehnika
transversala (A) un dorzala (B) plakne
Fig 4 Measurement technique of musculus biceps brachii tendon insertion
place to a medial coronoid process in a transversal (A) and coronal (B) view

Humerus (H), ulna (U), radius (R), linijas (C un D) norada uz musculus biceps brachii
piestiprinasanas vietu/lines C and D indicate musculus biceps brachii tendon

Musculus biceps brachii piestiprinasanas vietu noteicam centimetros (cm)
ka attalumu no pleca kaula kondilu locitavirsmas Iidz §T muskula piestiprinasanas
vietai pie MCP.

Visiem pétijuma ieklautajiem dzivniekiem, m&rjumi veikti identiski, t.i.
no pleca kaula kondilu locitavvirsmas starpkondilu spraugas punkta, lidz
atziméta punkta horizontalajai linijai, kas norada uz musculus biceps brachii
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piestiprinasanas vietu. Musculus biceps brachii piestiprina$anas vietas mérijumi
veikti visiem p&tjjuma ieklautajiem suniem.

Musculus biceps brachii un musculus brachialis tilpums

Muskula tilpumu noteicam ar Horos v2.2.0. programmatiras closed
polygon funkciju. Vispirms ar $o funkciju izolgjam muskula aréjas malas ik pa 5
milimetriem (mm). Lai p&c muskula ar&jo malu izolacijas precizi aprekinatu
muskula tilpumu visa ta garuma, papildus pielietojam Horos v2.2.0. funkciju
ROI Volume Generate Missing ROIs.

Ar So funkciju muskula argja malas tika izol&tas starpposmos starp
primari veiktajiem mérjjumiem ik pa 5 mm un ieglits muskula $k&rsgriezuma
laukums kvadratcentimetros (cm?). Pec pilnigas muskulu ar€jo malu izolacijas
veicam muskula tilpuma kalkulaciju kubikcentimetros (cm?) ar Horos v2.2.0.
funkciju ROl Volume Compute. Musculus biceps brachii un musculus brachialis
tilpuma mérfjjumus veicam 1B un 2B grupu suniem.

Musculus biceps brachii tilpumu noteicam ar mérfjjumiem transversala
plakng no lapstinas kaklina apvidus Iidz $1 muskula parejai cipslas pie MCP un
musculus brachialis tilpumu, izol&jot §1 muskula argja malas transversala plakng,
sakot no pleca kaula kaklina lidz $1 muskula parejai cipsla pie MCP. Musculus
biceps brachii un musculus brachialis izolacijas viens m&rijums transversala
skata ar closed polygon funkciju redzams 5. attéla.

5. att. Musculus biceps brachii un musculus brachialis tilpuma mérijumu
tehnika transversala plakné
Fig5 Musculus biceps brachii and musculus brachialis volume
meassuraments in a transversal view

Humerus (H), musculus biceps brachii (BBM), musculus brachialis (BM)
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Musculus biceps brachii un musculus brachialis maksimalais anatomiskais
Skérsgriezuma laukums

Musculus brachialis un musculus biceps brachii muskula maksimalais
anatomiskais $kérsgriezuma laukums (MCSA) visiem pétijuma suniem tika
meérits viena noteikta Itment, transversala plakne. Ka markieri, sagitalaja plakng,
izvelgjamies otro - treso kakla skriemeli un $aja limenT izol€jam mérijuma vietu,
lai ta biitu IidzTgi visiem pétfjuma dalibniekiem. Sads muskulu mérfjuma apvidus
noteikts, jo $aja l[imeni mCSA (cm?) bija vizuali vislielakais. Visi mérijumi veikti
abpusgji, tr1s vietas un ka MCSA izveloties lielako merjjumu. Muskulu mCSA
merfjumi redzami 6. un 7. attela.

6. att. Musculus brachialis (BM) maksimala anatomiska §kérsgriezuma
laukuma mérijums
Fig 6 Musculus brachialis (BM) maximum cross — sectional area
measurement technique

7. att. Musculus biceps brachii (BBM) maksimala anatomiska
Skérsgriezuma laukuma mérijums
Fig 7 Musculus biceps brachii (BBM) maximum cross — sectional area
measurement technique
21



Maksimala anatomiska Skérsgriezuma laukuma meérijuma att€los ar Iiniju
noraditas musculus brachialis (BM) un musculus biceps brachii (BBM) argjas
malas transversala plakng. Bulta norada uz krustisku Iiniju, kas nosaka merfjjumu
izejas punktu otra kakla skriemela kaudala dala. Linijas C un D norada uz
mérjjumu  izejas punktu, kurda muskulis vizuali ir lielaks. Maksimalais
anatomiskais §kérsgriezuma laukums, ka arT citi morfometriskie mérjjumi veikti
divas reizes ar vienas nedglas starplaiku.

Datu statistiska apstrade

Datu statistiska apstrade veikta ar Microsoft Office Excel 2015 un Rstudio
1.1.456. programmatiru palidzibu. P&tijuma iegiito rezultatu atbilstibu
normalajam sadalfjumam parbaudijam ar Kolmogorova — Smirnova testu un
ieglito vertibu atbilstibu normalajam sadalfjumam, novért§jam peéc Lilliefora
testa normativiem (Abdi & Molin, 2007). Musu aprékini parada, ka turpmak
promocijas darba aprekinos var tik pielietoti parametriskie statistikas kriteriji,
varbitibas kliidu saglabajot 0.05 [Tmeni.

Parbaudot metodes uzticamibu, gan slimo, gan veselo sunu grupa veicam
atkartotus meérjjumus ar vienas ned€las starplaiku un pielietojam Dalberga
metodi (Dahlberg, 1940): ME =\ %(X-X1)%2n. X un X1 ir méfjumi, bet n
mérjjumu  skaits. Merfjjumu kliida neviena no apskatitajiem merjjumiem
neparsniedza 1.0.

Centralas tendences novertéjumam tika izvelets vidgjais aritmetiskais, bet
datu izkliedi vertéta ar standartnovirzes un dispersijas palidzibu.
Datortomografijas atradnu apkopojumam pielietota aprakstosa statistika,
aprekinot noteikto patologiju sastopamibas biezumu.

Dispersijas salidzinajam ar Levena testa palidzibu, bet vidgjas
aritmétiskas vertibas ar Stjidenta t — testu.

Musculus biceps brachii piestiprinasanas vietas atSkiribas starp $kirném
noteicam ar vienfaktora dispersijas analizi (ANOVA).

Korelacijas analizes rezultati tika vertéti péc iegiitajam r vertibam, t.i. ja
Ir] < 0.5 vaja sakariba, 0.5 < |r] < 0.8 vid&ji cieSa un [r| > 0.8 cieSa sakariba
(Arhipova & Balina, 2006). Korelacijas koeficientu novertejumam, iegistot
varbutibas kludas (p) vertibas, tika pielietota regresijas analize. Korelacijas
analizes nozimigums Vertets ar regresijas analizes p vertibam.

Musculus biceps brachii un musculus brachialis morfometriskajiiem
mérfjumiem noteicam dzimumdimorfisma koeficientu = (sieviska dzimuma
izmérs x 100): (viriska dzimuma izméru). Pielietota formula aizgiita no humanas
medicinas (Tague, 1992). Ja iegitais koeficients ir lielaks par 100, tad sieviska
dzimuma parametrs ir lielaks. Ja iegitais koeficients ir 100, tad dzimuma
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atSkiribas noteiktaja mérjjuma nav. Ja koeficients ir zem 100, tad viriska
dzimuma suniem parametrs ir lielaks neka sieviska dzimuma suniem.

REZULTATI UN DISKUSIJA

Datortomografijas atradnes suniem ar mediala koronoida izauguma
slimibu

Mediala koronoida izauguma slimibu diagnosticgjam 65 sunpiem.
Patologiskas parmainas abas elkona locitavas noteicam 42 (64.6%), bet
vienpusgji 23 (35.4%) suniem. Misu pétijuma ieklautajiem suniem ar MCD,
lielakoties So slimibu noteicam abas elkona locitavas. Ja salidzina ar informacijas
avotos pieejamo informaciju, tad ta ir lidziga. P&tfjuma, kura analiz&tas 263 sunu
elkonu locttavas, noteikts, ka 66% gadijumu MCD bija abpusgja
(Noel Fitzpatrick, Smith, Evans, O’Riordan, & Yeadon, 2009). Saja apak$nodala
elkona locitavu DT izmekl§jumu rezultatus aprakstisim 107 patologiski
izmainitam elkonu locitavam.

Fragmentacija ar fragmenta

dislokaciju/dislocated MCP [N =72

fragment

Fragmentacija bez fragmenta
dislokacijas/undislocated MCP [ n=19
fragment

Suphondiala I n=ss
skleroze/subchondral sclerosis B
Osteofitu _
proliferacija/osteophytosis - n=21

8. att. Datortomografijas atradnes
Fig 8 Computed tomography findings

Viena no biezak aprakstitajam mediala koronoida izauguma DT atradném
ir subhondrala skleroze (SHS), kas raksturojas ar kaulaudu blivuma
palielindgjumu (Villamonte-Chevalier et al., 2016), kas rodas izmainoties
mineralvielu depozicijai un resorbcijai (Dequeker et al., 1995). Misu pétijuma
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subhondralu sklerozi noteicam 85 elkona locitavas. Elkonu locitavas ar MCD
91.8 % gadijumu SHS bija novérojama kopa ar MCP fragmentaciju.

Mediala koronoida izauguma slimibu ar fragmentaciju noteicam 91
elkonu locitava. Mediala koronoida izauguma fragmentacija ar §1 fragmenta
intraartikularu dislokaciju bija 72 elkona locitavas, bet 19 locitavas MCP
fragments nebija disloc€ts. Miisu novérojumi parada, ka suniem ar nepilnigi
atdalitu MCP, klmiski klibums ir intermitgjoss, salidzinot ar patstavigi
klibojoSiem suniem, kuriem novero pilnigu MCP fragmentaciju. Misuprat tas
izskaidrojams ar to, ka pilnigi atdalits fragments rada mehanisku spiedienu uz
elkona locitavas virsmam. Mediala koronoida izauguma fragmentacija redzama
9. attela un nepilniga fragmentacija 10. attela.

9. att. Mediala koronoida izauguma fragmentacija
Fig 9 Fragmentation of the medial coronoid process

10. att. Mediala koronoida izauguma nepilniga fragmentacija
Fig 10 Fissure line of the medial coronoid process

Radius (R), Ulna (U), fragments/Fragment (F), bultas norada uz MCP fragmentu/arrows
show fissure line of a MCP
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No patologiski izmainitajam elkona locitavam, 27 locitavas
diagnosticgjam osteofitu klatbiitni, un 24 gadijumos osteofitu proliferaciju bija
kopa ar MCP fragmentaciju. Tris gadijumos osteofitus diagnosticgjam suniem ar
SHS un MCP strukturalam izmainam, kas noritgja bez MCP fragmentacijas. Lai
arT osteofitu proliferaciju diagnosticgjam salidzinosi reti, tacu 88.8% gadijumu
ta bija suniem ar MCP fragmentaciju. Misu pétfjuma reti diagnosticeto OA
izskaidro tas, ka vidgjais vecums slimo sunu grupa, bija 15 ménesi un to var
uzskatit par agrinu diagnostikas laiku.

Jaatzime, ka més nekonstatejam statistiski nozimigu korelaciju (p > 0.05)
starp DT atradném un sunu vecumu, dzimumu, $kirni un kermena masu. Tas
norada, ka MCD dazadas patologijas nav saistamas ar sunu $kirni, vecumu,
dzimumu un kermena masu.

Kopuma DT attelu analizes rezultati liecina, ka biezak sastopama DT
atradne suniem ar MCD ir pilniga MCP fragmentacija un subhondrala skleroze.
Ta ka SHS bija viena no biezak sastopamajam DT atradném suniem ar MCD,
tapéc papildus veicam MCP un elkona kaula subtrohleara apvidus blivuma
merjumus.

P&c metodes Nr.1 noteicam, ka suniem ar MCD Haunsfilda vienibas visos
ROI bija ieverojami lielakas, piem&ram, ROI I suniem ar MCD blivums bija
834.07 +201.540, bet kontroles grupas individiem 656.92 + 42.594. Starp visam
ROI vertibam pastav statistiski nozimiga atskiriba starp MCD skartajiem un
kontroles grupas suniem (p < 0.01). Blivuma vértibam HU, péc metodes Nr.1,
izteikta un statistiski nozimiga korelacija starp MCP blivumu un mainigajiem
parametriem (dzimums, vecums, kermena masa, $kirne) nepastav (p > 0.05).
Vaja korelacija bija starp ROI1 un MCD skarto sunu dzimumu.

Mediala koronoida izauguma HU noteicam ari péc misu izstradatas
metodes (turpmak teksta — metode Nr.2). Noteicam, ka suniem ar MCD vidgja
blivuma (HU) bija 1058.06 + 113.831. Vidgjais blivums kontroles grupas suniem
bija 306.19 + 119.963 (maksimala vértiba 594.26 HU). Noteicam, ka starp
ieglitajam HU vertibam nepastav bitiska korelacija (p > 0.05) ar mainigajiem
parametriem (dzimums, vecums, kermena masa, $kirne).

Misu izstradatas MCP blivuma noteikSanas metodes mérjjumu rezultati
paradija statistiski nozimigu atskiribu starp suniem ar un bez MCD (p < 0.0001).
Suniem ar MCD, vidgjais aritmgtiskais blivums HU bija par 71.1 % lielaka, neka
kontroles grupas suniem. Miisu pétljuma mérjjumu rezultati pec Villamonte-
Chevalier et al. (2016) metodikas ari paradija atSkiribu starp kontroles grupas
supiem un MCD skartajiem individiem, un tas sakrita ar §1s metodikas autoru
viedokli, ka suniem ar MCD, mediala koronoida izauguma blivums Haunsfilda
vienibas ir augstaks neka kontroles grupas individiem (Villamonte-Chevalier et
al., 2016). Svarigi pieminét, ka abu izmantoto metozu rezultati nav salidzinami
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sava starpa, jo metodika un I1dz ar to iegtitas HU veértibas ir statistiski nozZimigi
atSkirigas (p < 0.05).

Musculus biceps brachii piestiprinasanas vieta pie mediala koronoida
izauguma

Musculus biceps brachii piestiprinasanas vietu pie MCP noteicam visiem
petijuma ieklautajiem suniem. Saja petijuma posma ieklauto sunu dzimums,
vidgjais vecums un videja kermena masa atspogulota 3. tabula.

3. tabula/Table 3

Ieklauto sunu raksturojosie radrtaji/ Characteristics of the included dogs

Suni ar MCD/Dogs with MCD Kontroles grupa/Control group
Kermena vecums Dzimums/Sex | Kermena Vecums | Dzimums/Sex
masa (kg)/ | (ménesi) | _ _ ma;a gkg)/ (menesi) | .

Body weight| Age in months | VIrk./|Siev.k./|  Body Agein |Virk/|Sievk/

(kg) + SD +SD Male | Female (k‘g)e'ghStD months + Sp| Male | Female

346+8.39| 153+£7.39 46 19 |34.6+£7.55/223+8.22| 18 8
Vidgjais aritmétiskais (X); standartnovirze (SD)/average value (X), standard deviation
(SD)

Suniem ar MCD aritmétiska vid&a musculus biceps brachii cipslas
piestiprinasanas Vietas vértiba bija 1.42 £ 0.226 cm un kontroles grupas suniem
1.27 £ 0.200 cm. Salidzinot abu grupu vidgjas aritmétiskas veértibas ar Stjiidenta
t — testu, noteicam statistiski nozimigu atskiribu (p < 0.001). Musculus biceps
brachii piestiprinasanas vietas vid€jas veértibas starp kontroles grupas suniem un
individiem ar mediala koronoida izauguma slimibu statistiski nozimigi atskiras
gan starp viri§kas (p = 0.002), gan sieviskas kartas (p = 0.003) suniem, gan abus
dzimumus vertgjot kopa (p <0.001).
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Musculus biceps brachii piestiprinasanas vietas pie MCP vidgjas veértibas
redzamas 11. attela.

Abi dzimumi/male and female L2
1,42
Sieviskas kartas/female dogs 122
g 1,39
. 1,29
Viriskas kartas/male dogs 1,44

11 115 12 125 13 135 14 145 15
cm

m Kontroles grupa/control group = Suni ar MCD/dogs with MCD

11. att. Musculus biceps brachii piestiprinasanas vietas veértibas
Fig 11 Musculus biceps brachii attachment place average values

Pirsona korelacijas analize un regresijas analizes p vértibas paradija, ka
analizgjot visus petijuma ieklautos sunus kopa, statistiski nozimiga korelacija
nav noveérojama neviena No apskatitajiem parametriem.

Mediala koronoida izauguma slimibas skarto sunu grupa 22 individiem $1
slimiba bija vienpusg€ja un vidgjo aritmetisko veértibu salidzinajums noradija uz
statistiski nozimigu atSkiribu (p < 0.001) starp MCD skartajam un
neizmainitajam locitavam. Apskatot atSkiribas starp pirmas grupas neizmainito
locttavu musculus biceps brachii piestiprinasanas vietam un kontroles grupas
suniem, noteicam, ka statistiski nozimiga atskiriba nepastav (p = 0.802). Tas
parada, ka pat viena individa ietvaros noverojamas statistiski nozimigas
atSkirtbas Saja parametra starp ekstremitatém ar un bez MCD. Izmainitajas
ekstremitat€s musculus biceps brachii vértiba bija 1.42 + 0.226 cm, bet
neizmainitajas priekskajas 1.26 + 0.144 cm.

Lai ari, vertjot kontroles grupu un slimo sunu grupas individus kopa,
nozimiga korelacija netika noverota, tomér MCD skarto sunu grupa noteicam, ka
starp $kirném eksiste atskiribas. Korelacijas analizes rezultati paradija vaju, bet
statistiski nozimigu (r = 0.36; p < 0.001) korelaciju starp musculus biceps brachii
piestiprinasanas vietu un sunu $kirni. Noteicam, ka no ieklautajam sunu $kirném,
lielakas atskiribas bija starp Vacu aitu supiem, Labradoriem retriveriem un
Bernes ganu suniem, ka arT mazak parstavétajiem suniem. Lidzigas tendences
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bija arT kontroles grupu supiem, kur mazak parstavéto skirnpu sunu iegiitas
mérfjumu vertibas atSkiras.

Ta ka, vertejot musculus biceps brachii piestiprinasanas vietu pie MCP
atseviski pa grupam, mes noteicam atskiribas starp dazadam Skirném, tad
papildus veicam salidzindgjumu starp MCD skarto un kontroles grupu sunu
Skirném, kur butiskas atskiribas nenovérojam (Vacu aitu suni, labradori, zeltainie
retriveri). Levena testa rezultati paradija statistiski nozimigu atkiribu starp abam
grupam (F = 9.63, Ferit = 3.95; p = 0.002). Statistiski nozimigu atskiribu starp abu
grupu vidgjam vertibam noteicam ar1 ar Stjidenta t — testa palidzibu
(p < 0.001).

Bitiski bija apskatit vai eksiste atSkiribas starp sunu Skirném, kuram
novero lielaku kermena masu, t.i. starp liela un gigantiska auguma suniem. Liela
auguma suniem (Vacu aitu suni, labradori retriveri, zeltainie retriveri) vidgja
kermena masa bija 29.49 kg, bet gigantiska izméra suniem (Bernes ganu,
Lendsirs, Nufaundlends, Kane Korso, Pirinejas Kalnu suns, Vidusazijas aitu
suns) vidgja kermena masa bija 48.14 kg. T — testa rezultati paradija, ka starp
kermena masam eksiste statistiski nozimiga atskiriba (p < 0.001).

Ta ka mes noteicam atskiribas starp dazadam Skirn€m, tad papildus
veicam salidzinajumu starp pirmas un otrds grupas suniem (Vacu aitu suni,
labradori, zeltainie retriveri), kuriem musculus biceps brachii piestiprinasanas
vietas vid€jas vertibas bija lidzigas (p > 0.05). Levena testa rezultati paradija
statistiski nozimigu atSkiribu starp abam grupam (F = 9.63, Fcrit = 3.95;
p = 0.002). Statistiski nozimigu atskiribu starp abu grupu vidéjam vertibam
noteicam arT ar Stjidenta t — testa palidzibu (p < 0.001). Liela auguma suniem ar
mediala koronoida izauguma slimibu musculus biceps brachii piestiprina$anas
vietas vidgja vertiba bija 1.36 + 0.213 cm, bet kontroles grupas suniem
1.20 + 0.133 cm, ar statistiski nozimigu atskiribu starp §Tm grupam (p < 0.001).

Gigantiska auguma suniem (Bernes ganu suns, Lendsirs, Nifaundlends,
Kane Korso, Pirinejas Kalnu suns, Vidusazijas aitu suns) ar mediala koronoida
izauguma slimibu, musculus biceps brachii piestiprinasanas vietas pie MCP
vidgja vertiba bija 1.58 £ 0.175, bet kontroles grupas suniem 1.44 + 0.263 cm, ar
statistiski nozimigu atskiribu starp grupam (p = 0.04).

Saja salidzinasanas posma papildus apskatijam sadalfjumu pa vecuma
grupam. Mediala koronoida izauguma slimibas skarto sunu grupa 51 suns bija
vecuma no seSiem I1dz 12 méneSiem. Salidzinot biezak parstaveto sunu skirnu,
musculus biceps brachii piestiprinasanas vietas pa vecuma grupam, t.i., suniem
no seSiem Iidz 12 méneSiem un individiem, kuri vecaki par 12 m&neSiem, mes
noteicam, ka slimibas skarto sunu grupa statistiski nozimigas atSkiribas nav
(p > 0.05), kas parada, ka §1 parametra iegitas veértibas ir salidzinamas sunus
vertgjot kopa, neizdalot atseviski pa vecuma grupam. Salidzinot MCD skarto
sunu grupas atseviski pa vecumiem un kontroles grupas individiem, arT $aja
parametra tika noteikta statistiski nozimiga atskiriba (p = 0.001).
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Kopuma rezultati parada, ka supiem ar mediala koronoida izauguma
slimibu, musculus biceps brachii piestiprinaSanas vietas vértiba pie mediala
koronoida izauguma ir lielaka, neka kontroles grupas suniem. Butisks ir raditajs,
ka liela auguma un gigantiska auguma suni, $aja parametra javerte atseviski, jo
noteicam statistiski nozimigas atskiribas starp §im grupam.

Musculus biceps brachii un musculus brachialis tilpums

Musculus biceps brachii un musculus brachialis tilpumu kopa noteicam
31 sunim. Kliniski veseli bija desmit suni (2B grupa), bet 21 individam bija
mediala koronoida izauguma slimiba (1B grupa). Statistiski nozimigas
atSkirtbas, starp sunu kermena masu, ka ari vecumu, netika noverota. NoO
ieklautajiem MCD skartajiem suniem 17 suni bija viriska, bet Cetri sieviska
dzimuma supi. Kermenu masa starp sieviska (36.1 + 15.96 kg) un viriska
dzimuma (35.5 + 8.00 kg) suniem statistiski nozimigi neatskiras (p > 0.05). Gan
MCD skarto, gan kontroles grupas sunu raksturojosie raditaji redzami 4. tabula.

4. tabula/Table 4

Ieklauto sunu raksturojosie raditaji/ Characteristics of the included dogs

Suni ar MCD/Dogs with MCD Kontroles grupa/Control group

Kermena | Vecums | Dzimums/Sex | Kermena |\, o | Dzimums/Sex

masa (kg)/ | (ménesi)/ masa (kg)/ R
: . . : (m@nesi)/ .
Body weight|  Agein | vir/ | Siev./ |Body Weight| ) o5 onins| Vir/ | Siev/
(kg) months | Male [Female]  (k9) X+Sp | Male |[Female
X +SD X +SD X +SD
355+9.47 | 14.1+9.15| 17 4 |389+887| 17.0+8.05 8 2

Standartnovirze (SD); vid&jais aritmétiskais (X)/Average value (X); Standard
deviation (SD)
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Musculus biceps brachii tilpums

Musculus biceps brachii tilpuma raksturojo$as vértibas suniem ar MCD
redzamas 5. tabula.

5. tabula/ Table 5

Musculus biceps brachii tilpuma raksturojums suniem ar mediala
koronoida izauguma slimibu/Musculus biceps brachii volume of dogs with a
medial coronoid disease

. Stjiidenta t — testa p
3
Parametri/Parameter X + SD (cm?) vértiba/T-test p-value
Labas _prlekskajas/ 3145+ 10275
et~ 1= Right leg
Viriskas kartas sunu Kreisas prickSkaias/
BBM tilpums/ 1588 PCKSKAJAST 35 67+ 12.092 0.75
Left leg
Male BBM volume AbU orickekaia
PreESKAU | 35 10 +11.089
Both legs
Labas _prlekskajas/ 2854+ 7.058
e o Right leg
Sieviskas kartas Kreisas priekskajas/
sunu BBM tilpums/ Lottty | 28446756 0.49
Female BBM volume AbU ori k“l?" ;
priekskau 28.48 + 6.279
Both legs
Viriskas un sieviskas kartas BBM
Male and female BBM 314510435 0.26
Neizmainito locitavu BBM
tilpums/Unaffected joint BBM 339211021 0.74

Standartnovirze (SD); vid&jais aritmétiskais (X); varbatibas klada (p); m. biceps brachii
(BBM)/Average value (X); Standard deviation (SD); p value (p vertiba);
m. biceps brachii (BBM)

Redzams, ka suniem ar mediala koronoida izauguma slimibu musculus
biceps brachii tilpums neatSkiras ne starp MCD skartajam ekstremitatém, ne
starp veselo un MCD skarto priek$kaju musculus biceps brachii tilpumu.

Noteicam, ka musculus biceps brachii tilpums vidgji ciesi korel€ ar sunu
kermena masu (r = 0.63; p < 0.001) un sunu vecumu (r = 0.59; p < 0.001). Tas
parada, ka $is raditajs ir ciesi saistits ar mainigajam pazimeém, ka arT iegiito datu
izkliede ir salidzinosi liela, jo musculus biceps brachii tilpums MCD skarto
grupu suniem bija robezas no 12.0 lidz 56.95 cm?.

Kontroles grupa viriska dzimuma suniem kermena masa bija lielaka
(41.1 +£9.91 kg) neka sieviska dzimuma suniem (33.7 + 1.53 kg). Viriskas kartas
suniem musculus biceps brachii tilpums bija 38.46 + 6.474 cm® un sievikas
kartas sunpiem 42.03 + 5.086 cm®. Abu dzimumu vid&ja vertiba bija
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39.65 =+ 6.141 cm?®. Redzams, ka $aja grupa novérojama tendence, ka kermena
masa liclaka bija viriskas kartas suniem, bet musculus biceps brachii tilpums
lielaks bija sieviska dzimuma suniem. Nozimigu korelaciju ar mainigajam
pazimém (dzimums, vecums, kermena masa, skirne) més nenoteicam (p > 0.05).

Salidzinot MCD skartos un kontroles grupas sunus, noteicam, ka
musculus biceps brachii tilpuma vidéja aritmétiska vértiba suniem ar mediala
koronoida izauguma slimibu bija 31.45 £ 10.435 cm? un kontroles grupas suniem
39.65 + 6.141 cm®. Redzams, ka kontroles grupas suniem musculus biceps
brachii tilpums bija lielaks, neka suniem ar mediala koronoida izauguma
slimibu. Levena testa rezultati paradija, ka starp abu grupu dispersijam pastav
statistiski nozimiga at$kiriba un, ka abu grupu datu vértibu sadalijums nav
vienads (F = 13.83, Feit = 3.97; p < 0.001). Noteicam, ka starp musculus biceps
brachii tilpuma vidéjam aritmé&tiskam vértibam ir statistiski nozimiga atskiriba
(p=0.01).

Apskatot abu grupu dzivnieku musculus biceps brachii tilpuma saistibu
ar mainigajiem parametriem, noteicam, ka starp $T muskula tilpumu un sunu
dzimumu, ka arT $kirni, neeksisté statistiski nozimiga sakariba. Savukart §1
muskula tilpumam ar sunu kermena masu (r = 0.60; p < 0.001) un vecumu
(r = 051; p < 0.001) ir vidgi ciesa korelacija. Suniem ar MCD
dzimumdimorfiska koeficients bija 88.72 un kontroles grupas individiem 109.28.

Misu pétfjuma dati parada, ka suniem ar MCD, musculus biceps brachii
un musculus brachialis tilpums ir mazaks neka kliniski veseliem suniem. Sie
rezultati neapstiprina pien€émumu, ka musculus biceps brachii un musculus
brachialis rada lielaku spiedienu uz MCP. Tomér uzskatam, ka §1 pétijumu dati
to nevar ne pilniba apstiprinat, ne noliegt. Galvenais iemesls tam ir sunu skaits
grupas un to raksturojosie lielumi, jo redzams, ka kontroles grupas suniem vidgja
kermena masa bija lielaka, ka arT abas grupas vidgjas kermena masas datu
izkliede bija salidzinosi liela.

Musculus brachialis tilpums

Musculus brachialis tilpuma vid&ja aritmetiska vértiba suniem ar mediala
koronoida izauguma slimibu bija 19.02 + 7.700 cm® un kontroles grupas suniem
20.03 + 5.868 cm?. Kontroles grupas suniem 31 muskula tilpums bija lielaks.

Supiem ar mediala koronoida izauguma slimibu novéroja statistiski
nozimigu musculus brachialis vid&ja tilpuma atskiribas (p = 0.01) starp viriskas
un sievi$kas kartas suniem (6. tabula).
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6. tabula/ Table 6

Musculus brachialis tilpuma raksturojums suniem ar mediala koronoida
izauguma slimibu/Musculus brachialis volume of dogs with a medialis
coronoid disease

Stjudenta t — testa
Parametri/Parameter X £SD (cm?®) p vertiba/T-test
p- value
Viriskas kartas Labas prickSkajas/ 19.41 +8.162
’ Right leg
sunu BEM Kreisas priekskajas/
tilpums/ €15as prickskajas 20.56 + 7.653 0.68
Left leg
Male BEM AbU prickkaju/
volume Both legs 20.0 £ 7.800
Sieviskas kartas Labas prickSkajas/ 10.85 + 0.307
’ Right leg
supu BBM Kreisas priekskajas/
tilpums/ P J 14.97 + 4.987 0.20
Left leg
Female BBM AbU prickskaju/
volume Both legs 13.59 +£4.412
Viriskas un sieviskas kartas BBM/ -
Male and female BBM 19.02:47.700 0.01
Neizmainito locitavu BBM
tilpums/Unaffected joint BBM 21.39£10.420 0.74

Standartnovirze (SD); vid&jais aritmétiskais (X); varbatibas klada (p); m. biceps brachii
(BBM)/Average value (X); Standard deviation (SD); p value (p vertiba);
m. biceps brachii (BBM)

Korelacijas analizes rezultati paradija vaju, bet statistiski nozimigu
korelaciju starp musculus brachialis tilpumu un sunu kermena masu
(r = 0.45; p <0.001) un vecumu (r = 0.36; p = 0.005).

Kontroles grupa musculus brachialis tilpumu noteicam desmit kliniski
veseliem suniem. Kontroles grupu musculus brachialis vidgjais tilpums bija
20.03 + 5.868 cm®. Starp viriska un sieviska dzimuma sunu musculus brachialis
tilpumu bija statistiski nozimiga atskiriba ( p = 0.003). Viriska dzimuma suniem
vidgjais tilpums bija 22.1 + 6.60 cm?, bet sieviska dzimuma suniem 15.21 + 3.232
cm®. Saja grupa noteicam statistiski nozimigu korelaciju starp §1 muskula tilpumu
un sunu dzimumu (r = 0.55; p=0.01) un kermena masu (r = 0.66; p=0.002).

Papildus noteicam ari musculus brachialis un musculus biceps brachii
tilpumu savstarpgjo korelaciju. Pirsona korelacijas koeficients starp musculus
brachialis un musculus biceps brachii, suniem ar MCD liecina par vaju,
statistiski nenozimigu korelaciju (r = 0.16; p =0.32). Kontroles grupa starp abiem
muskuliem korelacija arT bija vaja (r = 0.08, p = 0.52). Suniem ar mediala
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koronoida izauguma slimibu dzimumdimorfisma koeficients bija 67.95 un
kontroles grupa 68.82.

Kopuma rezultati parada, ka musculus biceps brachii un musculus
brachialis tilpums ir atkarigs no mainigajam pazimém un pétjjuma nav iegiita
parlieciba, ka suniem ar mediala koronoida slimibu So muskulu tilpums ir lielaks,
kas varétu ietekmé&t mediala koronoida slimibas attistibu.

Redzams, ka musculus brachialis tilpuma analizes tendences ir lidzigas
musculus biceps brachii tilpuma analizei. Apskatot Sos datus, Michelsen (2013)
izvirzitas hipotezes aspekta, ka suniem ar MCD musculus brachialis, iesp&jams,
rada lielaku spiedienu uz MCP, janorada, ka misu pétijuma rezultati to
neapstiprinaja.

Musculus biceps brachii un musculus brachialis maksimalais anatomiskais
skérsgriezuma laukums

Maksimalo anatomisko $kérsgriezuma laukumu noteicam gan kontroles
grupas (2B), gan slimo sunu (1B) grupas individiem.

Musculus biceps brachii mCSA vidgja veértiba suniem ar MCD bija
4.84 £ 1.284 cm?, bet kontroles grupas individiem 5.82 + 0.961 cm?.

Mediala koronoida izauguma slimibas skarto sunu grupa, musculus biceps
brachii maksimalam anatomiskam $kérsgriezuma laukumam bija vidgji ciesa,
statistiski nozimiga korelacija ar sunu vecumu (r=0.56; p < 0.001) un $kirni
(r=0.62; p < 0.001).

Musculus brachialis vidgjais mCSA bija 2.49 + 0.962 cm? un kontroles
grupa 2.64 + 0.588 cm?. Suniem ar MCD dzimumdimorfisma koeficients bija
89.58, bet kontroles grupas suniem 91.51.

Mediala koronoida izauguma slimibas skarto sunu grupa, musculus
brachialis maksimalam anatomiskam S§k&rsgriezuma laukumam ir ciesa,
statistiski nozimiga korelacija ar sunu kermena masu (r=0.82; p < 0.001), vidgji
ciesa korelacija ar skirni (r=0.72; p < 0.001), ka arT vaja, bet statistiski nozimiga
korelacija ar vecumu (r=0.46; p < 0.001).

Musculus biceps brachii un musculus brachialis maksimala anatomiska
Skérsgriezuma laukuma vidgjas vertibas, standartnovirze un t-testa p-vertibas
atspogulotas 7. tabula un 8. tabula.
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7. tabula/ Table 7

Musculus biceps brachii maksimala anatomiska $kérsgriezuma laukuma
raksturojums/Musculus biceps brachii maximum cross-sectional area of
dogs with a medialis coronoid disease

Suni ar Kontroles Suni ar Kontroles
MCD/Dogs | grupa/Control | MCD/Dogs |grupa/Control
Parametri with MCD group with MCD group
X £ SD (cm) Stjudenta t — testa p vertiba/
T —test p values
Labas
priekskajas/ [4.91 +1.326| 5.53 £1.120
Viriskas Right leg
kartas sunu Kreisas 0.82 0.89
BBM mCSA/| priekskajas/ |4.94 £ 1.050| 5.81 +1.123
Male BBM Left leg
volume Abu
priekskaju/ |4.92 £1.187| 5.67 +1.087 0.03*
Both legs
Labas
prickskajas/ [4.58 +1.165| 6.21 +0.638
Sieviskas Right leg
kartas sunu Kreisas 0.06 0.07
BBM mCSA/| priekskajas/ |3.61 £0.719| 6.13 +0.400
Female BBM Left leg
volume Abu
priekskaju/ |4.09 £1.064| 6.17 +0.478 <0.001*
Both legs
Viriskas un sieviskas kartas
BBM mCSA/Male and |4.84 +1.284| 5.82 +0.961 <0.001*
female BBM mCSA

Standartnovirze (SD); vid&jais aritmétiskais (X); varbatibas klada (p); m. biceps brachii
(BBM)/Average value (X); Standard deviation (SD); p value (p vertiba);
m. biceps brachii (BBM)

Tabula redzams, ka viriSska dzimuma suniem musculus biceps brachii
tilpums abas ekstremitates bija I1dzigs. Salidzinot MCD skartos un veselos sunus,
redzama statistiski nozimiga atSkiriba (p 0.03). Lidzigas tendences
noveérojamas ar sieviSska dzimuma suniem ar statistisku atSkiribu starp MCD
skarto un veselo sunu priekskajam (p < 0.001). Gan sieviska, gan viriska
dzimuma sunus apvienojot un salidzinot starp MCD skarto un kontroles grupu,
statistiski nozimigas atSkiribas saglabajas (p < 0.001).
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8. tabula/ Table 8

Musculus brachialis maksimala anatomiska $kérsgriezuma laukuma
raksturojums/Musculus brachialis maximum cross-sectional area of dogs
with a medial coronoid disease

Suni ar Kontroles Suni ar Kontroles
MCD/Dogs| grupa/Control | MCD/Dogs |grupa/Control
Parametri with MCD group with MCD group
X £ SD (cm) Stjtidenta t — testa p vertiba/
T — test p values
Labas
priekskajas/ | 2.47 £0.924 |2.84 +0.607
Viriskas Right leg
kartas sunu Kreisas 0.37 0.37
BBM mCSA/| priekskajas/| 2.32 +0.681 |2.58 + 0.425
Male BBM Left leg
volume Abu
priekskaju/ | 2.40 =0.809 [2.71 £0.522 0.15
Both legs
Labas
priekskajas/ | 2.55 +1.183 |2.62 + 0.847
Sieviskas Right leg
kartas sunu Kreisas 0.11 0.68
BBM mCSA/| priekskajas/| 1.75+0.488 |2.33 +0.782
Female BBM Left leg
volume Abu
priekskaju/ | 2.15 +0.966 |2.48 +£0.747 0.11
Both legs
Viriskas un sieviskas kartas
BBM mCSA/Male and 2.64 +0.588 0.07
female BBM mCSA

Standartnovirze (SD); vid&jais aritmétiskais (X); varbatibas klada (p); m. brachialis
(BM)/Average value (X); Standard deviation (SD); p value (p vértiba); m. brachialis
(BM)

Tabula redzams, ka saisttba ar musculus brachialis maksimalo
anatomisko skeérsgriezuma laukumu, neviena no apskatitajiem parametriem,
statistiski nozimigas atSkiribas nenoveéro.

Bitiski bija jautajums noskaidrot vai pastav sakariba starp musculus
brachialis un musculus biceps brachii maksimalo anatomisko $kérsgriezuma
laukuma un muskulu tilpumu. Noskaidrojam, ka suniem ar MCD novéroja vid&ji
ciesu korelaciju starp musculus biceps brachii tilpumu un mCSA un musculus
brachialis tilpumu un mCSA. Kontroles grupa statistiski nozimigu korelaciju
nenovéroja. Lai noteiktu kop€jo sakaribu starp apskatito muskulu tilpumu un

mCSA, veicam korelacijas analizi, abas grupas individu mérjjumu rezultatus
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apvienojot, un noteicam, ka musculus biceps brachii mCSA ir vidgji ciesa
korelacija (r=0.76; p < 0.001) ar $1 muskula tilpumu. Musculus brachialis
tilpumam bija vaja korelacija ar mCSA (r=0.29; p = 0.02).

Savstarpgjas sakaribas starp musculus biceps brachii un musculus
brachialis morfometriskajiem parametriem un mediala koronoida
izauguma slimibas attistibu

Kopuma musu pétijuma rezultati saistiba ar musculus biceps brachii
cipslas piestiprinasanas vietu pie MCP paradija butiskas atSkiribas starp suniem
ar MCD un kliniski veseliem individiem. Noteicam, ka suniem ar MCD musculus
biceps brachii cipsla piestiprinas talak jeb dorsalak no mérjjumu izejas punkta
neka veselajiem suniem. Vadoties peéc Bunker et al., (2014) teikta, ka cipslas
piestiprinasanas vieta katram muskulim ir noteikta ta, lai muskulu radita slodze
uz kauliem izlidzinas, varam secinat, ka miisu konstatétas atSkiribas musculus
biceps brachii piestiprinasanas vieta norada uz to, ka suniem ar MCD muskula
radita slodze uz MCP netiek parnesta vienmérigi. Konstatétas izmainas
salidzinot ar citu autoru teikto norada, ka $o izmainu dél var rasties kaulaudu un
skrim§laudu parslodze, ka rezultata var attistities dazadi mikroskopiski un
makroskopiski bojajumi (Dalla Pria Bankoff, 2012).

Lidz $im veiktie p&tijumi nav pilniba pieradijusi musculus biceps brachii
cipslu lomu MCD attistiba, tomér zinama sakariba atrodama Hulse et al. (2010)
veiktaja pétijuma, izmantojot amputétas sunu priekskajas un mainot musculus
biceps brachii un musculus brachialis radito slodzi uz MCP un spieka kaulu.
Hulse et al. (2010) ir atklajis sakaribu, ka, palielinot slodzi, izmainas locttavas
ass. Tom@r pétijuma nav iegiita pilniga parlieciba par to, vai kirurgiski likvidgjot
musculus biceps brachii cipslu pie MCP, samazinatu rotaciju locitava un MCD
attistibu. Klinisku p&tfjumu veikusi Fitzpatrick & Danielski (2010) kirurgiski
atdalot musculus biceps brachii cipslu no MCP suniem, kuriem novéroja vieglas
pakapes MCD. Rezultati bija neviennozimigi, jo daziem suniem klibuma kltniska
izpausme izzuda, bet citiem klibumu turpindja noverot. Autori norada, ka
petjumi ir jaturpina, palielinot ieklauto sunu skaitu (Fitzpatrick & Danielski,
2010).

Svarigi akcentgt, ka, viriska dzimuma suniem musculus biceps brachii
piestiprinasanas vieta pie MCP vidgja vertiba bija lielaks un tas parada tendenci,
ka cipsla novietota talak no locitavas centralas ass. No S§T aspekta apskatot
Michelsen (2013) pienémumu, ka abaksiali novietota musculus biceps brachii
cipsla rada MCP kompresiju pret spieka kaula galvu, var pienemt par patiesu. JO
musculus biceps brachii cipsla novirzita talak no locitavas centralas ass, jo
lielaka rotacija iesp&jama. STiemesla dél, varam izvirzit jaunu hipotézi, ka viriska
dzimuma suniem MCD novéro biezak, jo musculus biceps brachii cipslas
piestiprinasanas vieta pie mediala koronoida izauguma ir abaksialak ka sieviska
dzimuma suniem.
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Lai arT §T muskula piestiprinasanas vietas vértibas (cm) bija ar salidzinosi
lielu datu izkliedi, uzskatam, ka kopg€jas tendences parada saistibu starp $o
morfometrisko parametru un mediala koronoida izauguma slimibu. Uzskatam,
ka misu atklajums ar musculus biceps brachii cipslas atskirigo novietojumu
suniem ar MCD ir bitisks ieguldijums veterinaras radiologijas un kirurgijas
nozaru attistiba, un paver iesp&jams veikt turpmakus p&tfjumus, lai lidz galam
izprastu MCD attistibas saistibu ar musculus biceps brachii piestiprinasanas
vietu pie MCP.

Saistiba ar muskulu tilpumu un mCSA, miisu pétjjuma rezultati parada,
ka gan musculus biceps brachii, gan musculus brachialis tilpums un mCSA
suniem ar MCD bija mazaks, neka kontroles grupas suniem. Noteicam, ka starp
abam grupam gan musculus biceps brachii, gan musculus brachialis tilpums
statistiski atSkiras, tomér atskiriba nebija liela, jo musculus brachialis vidgjais
tilpums kontroles grupas suniem bija 20.03 = 5.868 cm3 un suniem ar MCD
19.02 £ 7.700 cm3, bet musculus biceps brachii tilpums kontroles grupas suniem
39.65 £ 6.14 cm3 un suniem ar MCD 31.45 £ 10.435 cm3. Par svarigu faktoru
MCD attistiba uzskata novirzes endohondralaja osifikacija (Clements et al.,
2009). Hueter — Volkmann teorija nosaka, ka palielinot slodzi uz ekstremitateém,
tiek traucéta endohondralas osifikacijas norise (Stokes, 2002). No miisu p&tijuma
rezultatiem izriet, ka ne musculus biceps brachii un musculus brachialis tilpums,
ne mCSA supiem ar MCD nav lielaks, Iidz ar to uz MCD attistibu nevar attiecinat
Hueter — Volkmann teoriju.

Vertgjot pétamo muskulu tilpumu un mCSA, nevaram ignorét rezultatus,
kas parada, ka slimo sunu grupa abi Sie parametri bija mazaki neka kontroles
grupas suniem un ka starp iegiitajam vertibam ir statistiski nozimiga atskiriba. Ir
pieejama informacija, ka ne tikai muskulu palielinajums ietekmé kaulaudus un
skrims§laudus, bet arT samazinata muskulu masa var ietekmét kaulaudus. Lloyd
et al. (2014) norada, ka, samazinoties muskulu raditajam spekam uz kaulaudiem,
samazinas kaulu formesanas, bet palielinas resorbcijas process.

Kopuma varam noradit, ka musu pétijjuma noteikta musculus biceps
brachii piestiprinasanas vieta pie MCP atSkiras suniem ar MCD, un tas ir
novietots talak no locitavas centra ass. P&c misu pétijuma rezultatiem varam
noraidit apgalvojumu, ka muskulu masa un mCSA ir tiesi saistita ar MCD
attTstibu, jo misu pétijuma dati to neparadija.
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AIZSTAVAMAS TEZES

Suniem ar mediala koronoida izauguma slimibu, musculus biceps
brachii cipslas piestiprinasanas vieta, salidzinot ar veseliem suniem, ir
atSkiriga.

Sunu musculus biceps brachii un musculus brachialis tilpums un
maksimalais anatomiskais Skérsgriezuma laukums atskiribas starp
kliniski veseliem un mediala koronoida izauguma slimibu skartajiem
suniem ir nebitiskas.

Sunu musculus biceps brachii un musculus brachialis pastav ietekme
uz mediala koronoida izauguma slimibas attistibu.
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SECINAJUMI

Suniem ar mediala koronoida izauguma slimibu biezak sastopamas
atradnes datortomografijas att€la ir processus coronoideus medialis
subhondrala skleroze un §1 izauguma fragmentacija, bet osteoartroze
noveérojama reti, kas skaidrojums ar agrinu §is slimibas diagnostiku, jo
apskatitaja populacija esoSo sunu vecums neparsniedza 30 ménesus.

Izstradata metode processus coronoideus medialis blivuma noteikSanai
Haunsfilda vienibas, balstoties uz mérjjumu klidas analizi, lauj to
pienemt par precizu (EM < 1) un rezultati parada, ka suniem ar mediala
koronoida izauguma slimibu processus coronoideus medialis
Haunsfilda vienibas, salidzinot ar veseliem supiem, ir ievérojami
lielakas. Pielietojot S0 merfjuma metodi, var noteikt mediala koronoida
izauguma slimibu agrina stadija.

Izstradata metode musculus biceps brachii cipslas distalas
piestiprinasanas vietas noteikSanai, balstoties uz mérfjumu kladas
analizi, lauj to pienemt par precizu (EM < 1). Pielietojot So metodi var
noteikt musculus biceps brachii cipslas piestiprinasanas vietu pie
mediala koronoida izauguma.

Suniem ar mediala koronoida izauguma slimibu musculus biceps
brachii distala cipsla pie processus coronoideus medialis piestiprinas
abaksialak neka veselajiem suniem.

Apskatitaja populacija musculus biceps brachii un musculus brachialis
tilpums un maksimalais anatomiskais Skérsgriezuma laukums suniem ar
mediala koronoida izauguma slimibu bija mazaks neka kliniski
veseliem individiem un $o parametru veértibam ir nozimiga korelacija ar
mainigam pazimém.

Musculus biceps brachii piestiprinaanas vieta pie processus
coronoideus medialis, salidzinot ar musculus biceps brachii un
musculus brachialis tilpumu un maksimalo anatomisko Skérsgriezuma
laukumu, ir nozimigaks muskulu parametrs ar iesp&jamu biomehanisku
ietekmi uz processus coronoideus medialis un mediala koronoida
izauguma slimibas attTstibu.
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PRAKTISKAS REKOMENDACIJAS

Suniem ar kliniskam un subkliniskam elkona locitavas displazijas
pazimém, rekomend&jam veikt datortomografijas izmeklgjumu kaulu
loga ar kaulu izmekl&Sanas programmu plano slanu tehnika (0.75 mm).
Datortomografijas att€los, analiz&jot processus coronoideus medialis,
iesakam veikt §1 izauguma blivuma merjjumus, nosakot Haunsfilda
vienibas. Haunsfilda vienibas, kas augstakas par 594.26 uzskatit par
agrinu mediala koronoida izauguma slimibas indikatoru.
Rekomend@jam peétijuma izstradato processus coronoideus medialis
blivuma un musculus biceps brachii cipslas distalas piestiprinasanas
vietas mérjjumus ieklaut starptautiskajas vadlinijas, kas paredzgtas
veterinararstiem — radiologiem.
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INTRODUCTION

Actuality

Nowadays in Europe and Latvia develops veterinary diagnostic imaging
and increase the number of studies into orthopedic diseases. One of the most
common orthopedic disease in young dogs is elbow dysplasia (ED).

According to the International Elbow Working group definition, canine
elbow dysplasia includes several changes of the elbow joint - fragmented medial
coronoid process, ununited anconeal process, incongruity, cartilage damages,
and osteochondrosis. Consider that canine elbow dysplasia was present in ancient
times. The archaeological study describes 14.500 — year-old bones of 7.5 months
old and 15.7 kg dog with osteoarthritic changes of the ulna. It shows that canine
elbow dysplasia is ancient (Janssens et.al. 2016).

Canine elbow dysplasia is widely described and in Latvia increase the
number of patients with a medial coronoid disease (MCD). More frequently
MCD affect large and giant breed dogs at a young age. Diagnosing ED and MCD
is essential not only to treat a single individuals but also to avoid the use of ED
affected dogs in a reproduction. Considers that ED is an inherited disease. The
IEWG states that official screening of ED is radiography, though by this method
MCD always cannot be detected. As the second most frequent diagnostic method
for MCD diagnostic use is computed tomography (CT).

Various studies have carried out so far, but still, are uncertainties and
believes that all etiological factors of MCD have not discovered yet. For this
reason, MCD is considered as a multifactorial disease. Exist hypothesis that
biceps brachii — brachialis muscles (musculus biceps brachii, musculus
brachialis) can cause damages of a medial coronoid process (Michelsen, 2013).

Doctoral thesis has been carried out at the Clinical Institute and LLU
Veterinary Hospital of the Latvia University of Life Sciences and Technologies
Faculty of Veterinary Medicine, in collaboration with Faculty of Veterinary
Medicine of the Justus Liebig University in Germany.

The aim and hypothesis

Research hypothesis: musculus biceps brachii and musculus brachialis
morphology is different between medial coronoid disease affected and clinically
healthy dogs.

The aim of the research: investigate musculus biceps brachii and
musculus brachialis morphology in a computed tomography image in clinically
healthy and medial coronoid disease affected dogs and identify possible
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interrelationship between muscle morphology and development of a medial
coronoid disease.

The objectives of the research

1. Analyse canine forelimb computed tomography images and describe
radiological findings of dogs with a medial coronoid disease.

2. To develop a method for detecting radiodensity in computed
tomography images of a medial coronoid process and describe
differences between healthy dogs and patients with a medial coronoid
disease.

3. Todevelop amethod for musculus biceps brachii distal tendon insertion
place to a medial coronoid process measurement and describe
differences between healthy dogs and patients with a medial coronoid
disease.

4. To detect volume and a maximum cross-sectional area of musculus
biceps brachii and musculus brachialis and describe differences
between healthy dogs and patients with a medial coronoid disease.

5. Determine the potential effect of musculus biceps brachii and musculus
brachialis on the development of a medial coronoid disease.

Scientific novelty

Scientific novelty of the research-based on that in Latvia first time has
carried out a study in which computed tomography data of canine elbows were
analyzed. This study describes a new methodology of canine elbow subtrochlear
radiodensity and musculus biceps brachii, and musculus brachialis
morphometric parameters (muscle insertion place, volume, and maximum cross-
sectional area) measurements. Is determined a relationship between musculus
biceps brachii morphology and development of a medial coronoid disease in
dogs.

Research contribution to the veterinary medicine field

In this study is deliberate actuality of a medial coronoid disease of dogs
in Latvia. Is described a new method of MCP radiodensity measurements and
determined normal and MCD affected elbow joint Hounsfield unit values. The
morphometric values of the musculus biceps brachii and musculus brachialis
will be useful in veterinary medicine practice and for other scientific researches.
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Personal contribution

The author of Doctoral Thesis at the Latvia University of Life Sciences
and Technologies has performed all computed tomography examinations and
analyzed CT data and performed all morphometric measurements, statistical
analysis, prepared scientific papers and presented study data at the international
conferences.

Structure and volume of the doctoral thesis

The Doctoral Thesis summarised on 102 pages with 39 figures and 40
tables. Six conclusions and three proposals have formulated in the final part, and
158 references used and two attachments added.
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Aprobation of the study results

Scientific publications and thesis:

1.Veksins A., Kozinda O., Amort Heike K. Elkona locttavas displazija
suniem. Proceedings of Conference “Research and Practice in Veterinary
medicine” 2014, 2014; 88-89.

2.Veksins A., Kozinda O. Computed tomography findings of dogs with
medial coronoid disease. Research for rural development 2016: annual
22nd international scientific conference proceedings, 2016; 137-139.
3.Veksins A., Kozinda O. Computed tomography of biceps brachii
muscle volume and insertion site on coronoid process (CP) in dogs with
and without CP disease. Online Journal of Veterinary Research, 2017;
433-439.

4.Veksins A., Kozinda O. Morphometry of normal canine biceps brachii
muscle. Proceedings of Conference “Research and Practice in Veterinary
medicine”, 2017; 59-60.

5.Veksins A., Kozinda O. Biceps muscle morphometric measurements of
dogs with medial coronoid disease. Multidirectional Research in
Agriculture, Forestry and Technology: book of abstracts, 2017; 30.
6.Veksins A., Kozinda O. Radiodensity of medial coronoid process in
dogs. Research for rural development 2018: annual 24th international
scientific conference proceedings, 2018, 255 — 259.

7.Veksins A., Kozinda O. Assessment of Maximum Cross-Sectional Area
and Volume of the Canine Biceps Brachii - Brachialis Muscles. Rural
Sustainability research, 2018; 28-31.

8.Veksins A., Kozinda O., Charlotte Sandersen. Morphometric
relationship of the biceps brachii muscle tendon attachment on the MCP
using computed tomography in dogs affected and unaffected by MCD.
Anatomia Histologia Embryologia, 2019. Under review.

Research results were approbated at the following international scientific
conferences:

1. 28.11.2014. Veksins A. Elkona locitavas displazija suniem.
International conference “Research and Practice in Veterinary
Medicine 2014”, Jelgava, Latvia.

2. 17.05.2016. Veksins A. Computed tomography findings of dogs with
medial coronoid disease. International scientific conference
“Research for Rural Development 20167, Jelgava, Latvia.

3. 25.04.2017. Veksins A. Biceps muscle morphometric measurements
of dogs with medial coronoid disease. International scientific
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conference “6th International conference for young researchers”,
Krakow, Poland.

4. 24.11.2017. Veksins A. Morphometry of normal canine biceps
brachii muscle. International conference “Research and Practice in
Veterinary Medicine 20177, Jelgava, Latvia.

5. 16.05.2018. Veksins A. Radiodensity of medial coronoid process in
dogs. International scientific conference “Research for Rural
Development 2018, Jelgava, Latvia.

Other approbations:

1. 8.01.2019. Veksins A. Medial coronoid disease in dogs — clinical
signs and diagnostic. Seminar of a Veterinary Medicine Education
Centre, Jelgava, Latvia.
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MATERIAL AND METHODS

Time, place and scheme of the research

During the period from 2014 to 2018, experimental studies were carried
out at the Clinical Institute and Veterinary Hospital of Latvia University of Life
Sciences and Technologies (LLU) in cooperation with Surgery Department of
Justus Liebig University (JLU) in Giessen, Germany.

The study was carried out in four phases:

1. Clinical examination:
a. registration;
b. anamnesis;
c. general clinical examination;
d. orthopedic examination.
2. Computed tomography.
3. Computed tomography data analysis and patient group create.
4. Muscle morphometric measurements.

At the research is analyzed computed tomography (CT) data from LLU
and JLU data system. Animal owners at the veterinary hospitals had arrived to
carry out a CT examination for their dogs. LLU Animal Welfare and Protection
Ethics Council gave an opinion (Protocol No.18/1) that individual analysis and
authorization of this study are not necessary and study methodology complies
with ethical standards.

Inclusion criteria.

1. Large and giant breed dogs.

2. Dogs at the age of 6 to 36 months.

3. Dogs with a medial coronoid disease included in MCD affected dog
group.

4. Dogs without orthopedic diseases were included in a control group.

Exclusion criteria.

1. Dogs that not match the inclusion criteria.
2. Dogs with other musculoskeletal or systemic diseases.

For most of the patients, CT performed because they were lame with one
or both forelegs. The study also included clinically healthy dogs. For those dogs,
CT performed because of owners desire to exclude MCD if that was not possible
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after standard radiographic examination. After CT examination we exclude dogs
with other diseases (the most common of them was ununited anconeal process
and elbow joint incongruity).

The computed tomography area for each patient was adjusted
individually, depending on clinical signs and results of the orthopedic
examination. If after a clinical examination was clear that lameness cause is an
elbow joint disease then CT performed only for elbow joints. In the cases when
after the clinical and orthopedic examination lameness caused joint was not
identified, we performed CT for elbow and should joints. Computed tomography
of elbow and shoulder joints was not performed for all patients according to
radiation safety. At the study beginning, from Justus Liebig university databases
we chose CT examinations that were suitable for this study.

Participants of the study

The study included 91 large or giant breed dogs, at the age of 6 to 30
months with the MCD and according to criteria clinically healthy dogs in a
control group. In a study included dog breeds, average weight, and age presented
in Table 1.

Dogs divided into two groups according to the:

e CT examined area (elbow or elbow and shoulder joints).
e CT findings (dogs with MCD or clinically healthy patients).

Dogs with an MCD were included in group 1 (group 1A —dogs with MCD
and CT scanned area of elbow joints, group 1B — dogs with an MCD and CT
scanned area of elbow and shoulder joints). Control group dogs were included in
a group 2 (dogs with CT scanned area of the elbow joints were included in a 2A
group, and dogs with CT of the elbow and shoulder joints in a group 2B).

For group 1B and 2B dogs was performed several muscle morphometric
measurements— musculus biceps brachii and musculus brachialis volume (cm3)
and maximum cross—sectional area (cm?) and musculus biceps brachii tendon
insertion place to a medial coronoid process (cm). For 1A and 2A dogs, musculus
biceps brachii insertion place to a medial coronoid process was measured.

Group 1A included 44 dogs (German shepherd dog n=13, Labrador
retriever n=15, Golden retriever n=3; Bern mountain dog n=7; Mix breed n = 4,
Landseer n=1, Newfoundland n=1), 29 were male and 15 female dogs. Group 1B
included 21 dogs (German shepherd dog n=6, Labrador retriever n=9, Bern
mountain dog n=1, Mix breed n=1, Newfoundland n=1, Rottweiler n=2, Central
Asian shepherd dog n=1), 17 were male and four female dogs.
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Control group consisted of 26 dogs. Group 2A included 16 dogs
(German shepherd dog n=4, Labrador retriever n=1, Golden retriever n=9, Bern
mountain dog n=1, Bordeaux dog n=1), six were female and ten male dogs.
Group 2B included ten dogs (German shepherd dog n=3, Labrador retriever n=2,
Bern mountain dog n=1, Cane Corso n=2, Perineum mountain dog n=1, Central
Asian shepherd dog n=1), two were female and eight male dogs.

Computed tomography

Computed tomography in LLU Veterinary Hospital was performed with
PHILIPS MX-16 and in Justus Liebig University with PHILIPS Brilliance TM
CT 16 scanner. All CT examinations were performed using general anesthesia
with Eickmeyer NarkoVet anesthesia machine using 100% of oxygen and
1% isoflurane. Vital parameters were measured using a Bionet BM5Vet cardio
monitor. Premedication for each patient was selected individually. During the
examination, dogs were positioned in dorsal recumbent with parallel extended
forelimbs. Computed tomography technical data is presented in Table 2.

Protocol “E” used for all group patients, but protocol “P” for 1B and 2B
group dogs. The scanning area for protocol “E” was ~ S5cm proximal from
humerus condyles to ~ 5 cm distal from radius head. Protocol “P” scanning area
was from neck of the scapula to ~ 5 cm distal from radius head. Schema of a
methodology is presented in Figure 1.

Computed tomography examination process for 1A and 2A group dogs.

¢ CT scanning area - elbow joints.

¢ Native — phase CT scanning using protocol “E”.

e Contrast procedure using loperamide 623 mg/ml with dose 2 mi/kg
intravenous.

e Up to 2 minutes after contrast media administration, protocol “E” was
repeated.

Computed tomography examination process for 1B and 2B group dogs.

o CT scanning area — elbow and shoulder joints.
e Native — phase CT scanning using protocol “E” for elbow joints and
protocol “P” for elbow and shoulder joints.
e Contrast procedure using loperamide 623 mg/ml with dose 2 ml/kg
intravenous.
¢ Up to 2 minutes after contrast media administration, protocol “P” and
“E” were repeated.
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Computed tomography data analysis and additional measurements

Three dimensional multiplanar reconstruction (MPR) views were
obtained using Horos v2.2.0 software 3D — Curved — MPR function. CT bone
and soft tissue windows images were analyzed in transverse, coronal and sagittal
reconstructions. At this study phase, dogs with other bone changes except MCD
(for example elbow joint incongruity) was excluded from the study.

Radiodensity of medial coronoid process

During the CT images analyses, we liked to measure MCP and
subtrochlear region of ulna Hounsfield units for better analysis of subchondral
sclerosis. Subchondral sclerosis is a common pathology of the MCP that
signalize of a medial coronoid disease as early sign of this disease (Michelsen,
2013; Temwichitr et al., 2010).

Radiodensity was measured using two methods. First method described
by Villamonte-Chevalier et al., (2016) — method No.1, and our method
- method No.2. Measurements performed using Horos v2.2.0. software.

By method No.1 MCP radiodensity in a Hounsfield units (HU) were
measured in a sagittal oblique plane of the elbow joint, HU was measured at the
medial coronoid process apex — ROI 1 and ROI 2. In a mid — sagittal plane of the
elbow joints HU was measured in two regions — ROl 3 (medial coronoid process
base) and ROI 4 (caudal ulna). All measurements were performed on native CT
reconstructions. Method No.1 presented in Figure 2.

By method No.2, measurements were performed in a reconstruction of
MCP base. The measurement in a sagittal view was determined by pulling line
A from ulna proximal metaphysis at the level of an MCP to end of the ulna.
Ventral part of the measurement area isolated with line B (radius physis) and
symbol “X” shows the measurement area. Method No.2 is presented in Figure 3.

Musculus biceps brachii insertion place to a medial coronoid process

Three-dimensional multiplanar reconstruction (MPR) views were
obtained using Horos v2.2.0 software 3D — Curved — MPR function. Musculus
biceps brachii attachment place measurements were made on the CT transversal
and dorsal reconstructions after exclusion of elbow joint incongruity and other
pathologies unrelated to MCD. The musculus biceps brachii attachment place
was determined by scrolling transverse images to identify the most distal point
where the musculus biceps brachii tendon was visible. First, the distance from
the musculus biceps brachii attachment place to the MCP was determined in CT
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transverse reconstructions. In the transverse reconstruction the most abaxial part
of musculus biceps brachii tendon was chosen as a measurement point and
pointed with cross line. Musculus biceps brachii attachment place to MCP
distance was measured in the coronal view as distance (in cm) from the humerus
intercondylar space surface to the cross line. Measurements performed at the CT
reconstructions after contrast media administration. Measurements were made
twice in two subsequent weeks. Musculus biceps brachii attachment place
measurement technique is shown in Figure 4.

Musculus biceps brachii and musculus brachialis volume

Muscle volume calculated with a Horos v2.2.0. software closed polygon
function. Muscle cross-sectional area was measured in every 5 mm through to
the muscle length. With function ROl Volume generate Missing ROIs missing
values were generated. After full muscle margin isolation, muscle volume (cm?®)
was calculated using ROI Volume Compute function. Musculus biceps brachii
and musculus brachialis volume were measured of 1B and 2B group dogs.
Musculus biceps brachii and musculus brachialis volume measurement sample
is presented in Figure 5.

Musculus biceps brachii and musculus brachialis maximum cross-sectional
area

Musculus biceps brachii and musculus brachialis maximum cross-
sectional area (MCSA) was measured in a CT transversal reconstruction. Due to
the patient position during CT examination - as a marker of these measurements
was second and third cervical vertebrae. This was chosen as a marker, because
at the level of second and third cervical vertebrae, musculus biceps brachii and
musculus brachialis amount was the most prominent (cm?). Muscle
measurements is presented in Figure 6 and Figure 7. In the figures, lines show
the margins of musculus biceps brachii (BBM) and musculus brachialis (BM).
Arrows C and D leads to the measurement output point.

Statistical processing of data

Statistical analysis performed with Microsoft Office Excel 2015 and
Rstudio 1.1.456. software. Compliance with a normal distribution was evaluated
using a Kolmogorov — Smirnov test with Lilliefors assessment standards
(Abdi & Molin, 2007). Results show that p-value can be 0.05.
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All measurements performed twice within one week and method error
(ME) calculated by Dahlberg method (Dahlberg, 1940): ME =V £(X-X1)¥2n. X
and X1 are measurements and “n” number of measurements. Our study all
measurement error (ME) was lower than 1.

For evaluating central tendency we used average values, but for data
distribution, dispersion analysis and standard distribution were used. T — test
were used to analyze average values and for dispersion analysis Leven test was
used.

Descriptive statistics were used to describe measurement values.
Correlation between different parameters were interpreted as |r| < 0.5 negligible,
low, 0.5 < |r] < 0.8 moderate and |r| > 0.8 high (Arhipova & Balina, 2006).
P-values < 0.05 were considered statistically significant. For musculus biceps
brachii and musculus brachialis morphometric measurement values we calculate
sex-morphism coefficient = (female morphometric measurement result x 100):
(male morphometric measurement result) (Tague, 1992). If the coefficient is
under 100, then a male dog morphometric measurement value is larger than
female dogs. If in a parameter are no differences between genders, then
coefficient is 100.

RESULTS AND DISCUSSION

Computed tomography findings

The medial coronoid disease was diagnosed in 65 dogs, 42 dogs (64.6%)
had bilateral and 23 (35.4%) unilateral MCD. In our study for most of the dogs
MCD was bilateral, and that coincides with previously described by other
authors, Fitzpatrick et.al. (2009) study shows that in research were analyzed 263
dogs CT images, bilateral MCD was in 66% of cases.

Bilateral MCD was found in 42, while unilateral MCP changes occurred
in 23 out of 65 affected dogs. In this chapter is described CT findings of 107
MCD affected elbow joints with a MCD (Figure 8).

The most frequent pathology of MCP was subchondral sclerosis
(n =85). In 91.8% subchondral sclerosis were accompanied by fragmentation of
the MCP.

Fragmentation of a MCP diagnosed in 91 elbow joints. In 72 elbow joints
fragmentation was together with intraarticular fragment dislocation, but 19 joints
had MCP fissure line. Observations showed that in dogs with incomplete
fragmentation (MCP fissure line), lameness was intermittent, but in dogs with a
dislocated fragment, lameness was persistent. In our opinion this can be
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explained of that in dogs with a dislocated fragment of the MCP in an elbow joint
is persistent irritation. Fragmentation of a MCP is presented in Figure 9 and
Figure 10.

Osteoarthrosis was found in 27 elbow joints. In 24 cases osteoarthrosis
was together with a fragmentation of MCP. In three cases osteoarthrosis was in
joints with a MCP structural changes, subchondral sclerosis, but without MCD
fragmentation. Despite that osteoarthrosis was a rare finding, but in 88% of cases,
it was together with a fragmentation of a MCP. In our opinion, rarely diagnosed
osteoarthrosis can explain by the age of dogs. In our study, the average age of
dogs was 15 months, and this can consider as early diagnosis of the MCD.

Correlation analysis showed that between CT findings and variable
parameters (age, breed, gender, weight) does not exist statistically significant
correlation (p > 0.05).

Whereas subchondral sclerosis was the most common finding, we carry
out MCP radiodensity measurements. By the method, No.1 HU values were
significant different (p < 0.01) in all ROI without a significantly correlation with
dog age, gender, breed, and weight.

Radiodensity measured by method No.1 showed that in dogs with an
MCD HU in all ROIs was higher. As the example in ROI I dogs with an MCD
average value was 834.07 = 201.540 HU but in a control group 656.92 +42.594.
Method No.2 showed similar results. Dogs with a MCD had 1058.06 + 113.831
HU, and average HU values in a control group were 306.19 + 119.963
(maximum value of 594.26).

Method No.2 radiodensity measurement results showed a statistically
significant (p < 0.0001) difference between dogs with and without a MCD.
Results by Villamonte-Chevalier et al. (2016) method showed similar results,
and that coincides with another author opinion, that dogs with an MCD have a
higher density of an MCP. Both methods are representative and can use in
veterinary radiology, but method values cannot compare, because the difference
between these methods is significant (p < 0.05).

Musculus biceps brachii insertion place to a medial coronoid process

Musculus biceps brachii insertion place to the MCP we measured for in a
study included all dogs. Included dog description is presented in Table 3. In dogs
with a MCD, the average value of musculus biceps brachii tendon insertion place
to a MCP was 1.42 + 0.226 c¢cm and in control group 1.27 £ 0.200 cm. Specified
values presented in Figure 11. Between both groups, average values was a
significant different (p < 0.001). Difference was between both gender values.
Male dogs p-value was 0.002 and p = 0.003 in female dogs.
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By combining groups, correlation analysis showed that does not exist a
statistically significant correlation between musculus biceps brachii insertion
place to a MCP and dog age, gender, weight, and breed.

In an MCD affected dog group, 22 dogs had unilateral MCD. Statistical
analysis showed that between these dog MCD affected and unaffected joints
musculus biceps brachii insertion place to a MCP average values exist a
statistically significant difference (p < 0.001). We determined that between
unaffected dog unaffected joint values and control group patients the
measurement values were no significant different (p = 0.802). It shows that
within a single individual musculus biceps brachii insertion place to an MCP
differs.

Although in individual groups was not a significant correlation between
musculus biceps brachii insertion place values with variable parameters, we
performed correlation analysis separate in each group. In MCD affected dog
group we determined a weak, but statistically significant correlation between this
parameter and dog breed (r = 0.36; p < 0.001). We determined that significant
differences were between large and giant breed dogs. Similar trends was in a
control group.

Since we determined a correlation between musculus biceps brachii
insertion place to an MCP and dog breed, we performed further in-depth analysis
for dogs with similar BBM values.

Comparison in the control group and MCD affected dog group musculus
biceps brachii attachment place values between German shepherd dogs,
Labrador retriever and Golden retriever showed that difference in musculus
biceps brachii values exists (p < 0.001). Leven test showed statistically
significant difference between groups (F = 9.63, Fcrit = 3.95; p = 0.002). The
average value in dogs with an MCD was 1.36 £ 0.213 ¢cm and in control group
1.20£0.133 cm.

We compared separately giant breed dogs. Statistically, a significant
difference also detected between these dogs. In a control group average value
was 1.44 +0.263 cm and in dogs with a MCD 1.58 + 0.175 cm with significant
difference (p = 0.04).

In our study 51 dog was from 6 to 12 months. Comparing dogs up to 12
months and dogs from 12 to 30 months, we determined that it does not exist a
statistically significant difference (p > 0.05) at this parameter. In comparison
musculus biceps brachii insertion place values separately between age groups,
we determined that difference in this parameter between MCD affected and
healthy dogs also remained (p = 0.001).

Overall the results show that in dogs with an MCD musculus biceps
brachii insertion place to an MCP attachment place is more abaxial than in dogs
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without a MCD. That shows that musculus biceps brachii tendon attachment
place to a MCP is farther from the elbow joint central axis. Our results confirm
the hypothesis by Michelsen (2013) that biceps brachii — brachialis muscle
abaxial attachment place to an MCP during the joint flexion can cause damage
to an MCP. In our study, musculus biceps brachii attachment place to MCP
values was higher in male dogs. Since male dogs had higher values, we set a
hypothesis that in male dogs MCD is more often because of musculus biceps
brachii more abaxial attachment place to a MCP.

Musculus biceps brachii and musculus brachialis volume

Musculus biceps brachii and musculus brachialis volume measured in 31
dogs, ten dogs were clinically healthy (group 2B), and 21 dogs had an MCD
(group 1B). Between dog age, gender, breed, and weight was not a significant
difference (p > 0.05). Included dog description is presented in Table 4.

In dogs with an MCD average age were 14.1 + 9.15 months, the average
weight 35.5 + 9.47 kg, 17 males and four female dogs. In a control group, the
average age was 17.0 + 8.05 months, average weight of 38.9 + 8.87 kg, eight
male and two female dogs.

Musculus biceps brachii volume

Musculus biceps brachii volume characterization in dogs with a MCD is
present in Table 5. Between male and female dog weight was not a significant
difference (p > 0.05). We determined that musculus biceps brachii volume had a
significant correlation between dog weight (r = 0.63; p < 0.001) and age
(r=0.59; p <0.001).

In a control group, the average male weight was 38.46 + 6.474 kg and
42.03 + 5.086 kg in female dogs. At this group is a tendency that higher body
mass does not point to a bigger muscle mass. No significant correlation (p > 0.05)
was with variable parameters (age, breed, sex, weight).

In comparison MCD affected and control group dogs, we detected that
control group dogs had larger musculus biceps brachii volume, with a
statistically significant difference between average values (p = 0.001) and
dispersion (F = 13.83; Feit = 3.97; p < 0.001). In a control group musculus biceps
brachii average volume was 31.45 + 10.435 cm?®, but in a control group
39.65 + 6.141 cm?®. Both group musculus biceps brachii volume values correlate
with body weight (r = 0.60; p < 0.001) and age (r = 0.51; p < 0.001).
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We calculated that exist a significant difference between both groups,
but results present that in a control group muscle average volume value was
higher.

Musculus brachialis volume

Musculus brachialis volume average value in dogs with a MCD was
19.02 +7.700 cm® and 20.03 = 5.868 cm?® in control group dogs. Results is present
in a Table 6. In dogs with a MCD we determined a statistically significant
difference between male and female dogs (p = 0.01). In a control group was
statistically significant difference between male and female dogs (p = 0.003).
Dogs had statistically significant correlation between musculus brachialis
volume and dogs age (r = 0.55; p = 0.01) and weight (p = 0.002). Correlation
results showed that in dogs with the MCD musculus brachialis have a low, but
statistically significant correlation with weight (r = 0.45; p <0.001) and age
(r=10.36; p =0.005).

In a control group average volume of a musculus biceps brachii was
20.03 + 5.868 cm?® without a statistically significant difference between genders
(p = 0.003). Male dog average volume was 22.1 = 6.60 cm® and
15.21 £ 3.232 cm®in female dogs. VValues had a moderate, statistically significant
correlation with gender (r = 0.55; p = 0.01) and body mass (r = 0.66; p=0.002).

Additional we calculated that in a dogs with the MCD, between musculus
brachialis and musculus biceps brachii volume exist weak correlation
(r=0.16; p = 0.32). In a control group correlation between muscles volume also
was weak and statistically not significant (r = 0.08, p = 0.52).

Overall the results show that in dogs’ musculus biceps brachii and
musculus  brachialis volume is depending on variable parameters
(age and weight). Results do not prove the hypothesis, that both muscle volume
is more extensive in dogs with the MCD.

Musculus biceps brachii and musculus brachialis maximum-cross sectional
area

Maximum cross—sectional area was measured in control group (group 2B)
and MCD affected dogs (group 1B). Musculus biceps brachii mCSA average
value in dogs with MCD was 4.84 + 1.284 cm? and 5.82 +0.961 cm?in a control
group. In dogs with a MCD mCSA had a significant correlation with a dog age
(r=0.56; p < 0.001) and breed (r=0.62; p < 0.001).

Musculus brachialis mCSA average value in dogs with a MCD was
2.49 £ 0.962 cm?, but in a control group 2.64 + 0.588 cm?. In dogs with a MCD
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mMCSA had a significant correlation with a dog age (r=0.46; p < 0.001) and breed
(r=0.72; p < 0.001) and weight (r=0.82; p < 0.001).

We determined that dogs with an MCD had a significant correlation
between musculus biceps brachii volume and mCSA and musculus brachialis
volume and mCSA. In a control group was not a statistically significant
difference between muscle volume and mCSA.

In combining MCD affected and control group, we calculated that
musculus biceps brachii mCSA (r=0.76; p < 0.001) had low and musculus
brachialis mCSA negligible (r=0.29; p < 0.02), but statistically significant
correlation with muscle volume. Results presented in Table 7 and Table 8.

Relationship between muscle morphology and a medial coronoid disease

Medial coronoid disease is one of the diagnosis that can cause the elbow
lameness in dogs. Among the MCD pathologies, the fragmented coronoid
process occurs the most commonly. It has been hypothesized that the effect of
the musculus biceps brachii and musculus brachialis may be a factor in the
development of the MCD. Several authors proposed that the mismatch in
musculus biceps brachii attachment to MCP may contribute to a
supraphysiological overload encountered in MCD (Noel Fitzpatrick, Smith,
Evans, & Yeadon, 2009; Michelsen, 2013). Present study described the CT
findings in dogs with the MCD and measured the musculus biceps brachii and
musculus brachialis morphometric parameters. For this purpose, a new
morphometric measurement method was applied.

Overall the results of our study show that exist a difference in musculus
biceps brachii attachment place to an MCP between a MCD affected and healthy
dogs. In dogs with a MCD, musculus biceps brachii attachment place to a MCP
values was significant larger and that point out that in dogs with an MCD
musculus biceps brachii attachment place to an MCP is more abaxial.

In dogs with a MCD, 22 dogs had unilateral MCP changes. The musculus
biceps brachii attachment place to MCP in elbows with MCD were statistically
higher than in non-affected joints. This finding was crucial to clarify the
differences in musculus biceps brachii attachment anatomy between the MCD
affected and healthy joints. Similar results were found after comparison of MCD-
affected and control group dogs. This trend was observed in large and giant breed
dogs, and the musculus biceps brachii attachment point to MCP distance was
higher (cm) for dogs with the MCD in both groups.

Bunker et al., (2014) mention that muscle-tendon attachment place is
determined so that muscular load on the bones is levelled. From this statement
can deduce that our findings indicate that in dogs with an MCD different
musculus biceps brachii attachment can cause internal shear stress of a MCP.
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Other authors confirms that this kind of changes can cause an overload of bones
and cartilages (Dalla Pria Bankoff, 2012).

The studies carried out so far have not sufficiently proved a
musculus biceps brachii and musculus brachialis role in the development of the
MCD. However, Hulse et al. (2010) in the study in which authors change a load
to a MCP, found a relationship between these muscles and possible impact to a
MCP. Authors certain that muscle caused overload can rotate MCP against radius
head. Fitzpatrick & Danielski (2010) performed a clinical study in which
musculus biceps brachii tendon to an MCP was surgically separated in dogs with
mild MCD. The results were ambiguous because some of the dogs’ lameness
remained.

In the relationship with musculus biceps brachii tendon attachment place,
we found differences between genders. In our study male dog musculus biceps
brachii tendon attachment place to an MCP was more abaxial, and that allow as
to pose hypotheses that male dogs are more often affected with an MCD because
of more abaxial musculus biceps brachii insertion to an MCP.

Our study findings in musculus biceps brachii tendon insertion place
differences between healthy and MCD affected dogs is a significant contribution
in veterinary radiology and surgery. To better understand the relationship
between musculus biceps brachii and MCD, is possible to continue this study in
clinical and biomechanical fields.

Musculus biceps brachii and musculus brachialis volume and mCSA
measurements did not show convincing evidence of the relationship between
these morphometric parameters and development of a MCD. Both muscles in a
control group had larger volume and mCSA. Authors point out that an essential
etiological factor in the development of an MCD is a disturbance in endochondral
ossification (Clements et al., 2009). Hueter — Volkmann theory states that
increasing the load on the bones can cause a disturbance in an endochondral
ossification (Stokes, 2002). Our study results show that musculus biceps brachii
and musculus brachialis volume and mCSA is not larger in animals with a MCD.
It should note that exist a theory that reduced muscle mass can also affect bones.
Lloyd et al. (2014) describe the relationship between reduce muscle load and
decrease formation and increased resorption of the bones.

In general, we can conclude that musculus biceps brachii attachment
place to a MCP is different in dogs with an MCD. In dogs with a MCD musculus
biceps brachii insertion to a MCP is more abaxial and during the joint flexion
can cause MCP damages. Our study results did not show a significant prove of
muscle volume and mCSA differences between MCD affected and control group
dogs.

57



THESIS DEFENSE

Between dogs with a medial coronoid disease and clinical healthy dogs
exist the difference in musculus biceps brachii attachment place to a
medial coronoid process.

Musculus biceps brachii and musculus brachialis volume and
maximum cross-sectional area differences between medial coronoid
disease affected and clinically healthy dogs are irrelevant.

Musculus biceps brachii and musculus brachialis have an impact on the
development of a medial coronoid disease.
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CONSLUSION

In dogs with a medial coronoid disease, the most common radiological
finding is subchondral sclerosis and fragmentation of a medial coronoid
process, but osteoarthrosis is rarely finding, and the reason of that can be
early diagnosed medial coronoid disease, because in this study dog age was
up to 30 months.

. The method of processus coronoideus medialis radiodensity detection can
assume as reliable (EM < 1) and applicable in similar studies. Results show
that in dogs with a medial coronoid disease Hounsfield units are significantly
higher than in clinically healthy dogs. Method can be used for early diagnosis
of subchondral sclerosis.

. The method of musculus biceps brachii tendon attachment place detection to
a medialis coronoid process can be assumed as reliable (EM < 1) and
applicable in similar studies.

. The dogs with a medial coronoid disease compared with clinically healthy
individuals have more abaxial tendon attachment place to a medial coronoid
process.

. Musculus biceps brachii and musculus brachialis volume and maximum
cross-sectional area was higher in clinically healthy dogs compared with a
medial coronoid disease affected patients, and these parameters have a
statistically significant correlation with variable traits.

. Musculus biceps brachii attachment place to a medial coronoid process,
compared with musculus biceps brachii and musculus brachialis volume and
maximum cross-sectional area is a more significant parameter with a
potential biomechanical effect on the development of a medial coronoid
disease.
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RECOMMENDATIONS FOR PRACTICE

1. For dogs with clinical signs of canine elbow dysplasia we recommend to
perform a computed tomography in a bone window with a slice thickness of
0.75 mm.

2. When analysing canine elbow joints in a computed tomography image, we
recommend to measure Hounsfield units and values higher than 594.26,
consider as an early indicator of a medial coronoid disease.

3. We recommend the method of medial coronoid process radiodensity and
musculus biceps brachii tendon attachment place to a medial coronoid
process, include in the guidelines of veterinary radiology.
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