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1. INTRODUCCION

La cojera, en términos cientificos, se define como una disfuncién en la marcha
de un animal, caracterizada por una alteracion en la capacidad de apoyo o

sostén de uno o mas miembros durante el movimiento.

Esta alteracion puede manifestarse como una asimetria en la distribucion del
peso corporal o un patron de locomocion irregular, y puede estar asociada con
dolor, debilidad muscular, trastornos articulares, lesiones neurolégicas u otras

patologias subyacentes.

La cojera es un sintoma clinico importante que indica la presencia de una
afeccién subyacente y es fundamental en el diagnéstico y tratamiento de
trastornos musculoesqueléticos en animales (Mcgavin y cols., 2012).

Figura 1. Portada del libro A Concise History of Veterinary Medicine (Jones y cols., 2022)



La historia de la ortopedia en medicina veterinaria es tan antigua como la
propia practica de la medicina veterinaria. Desde tiempos antiguos, se han
registrado intentos de tratar lesiones y enfermedades musculoesqueléticas en

animales.

Sin embargo, el desarrollo de la ortopedia veterinaria como una especialidad
reconocida ha seguido un camino paralelo al de la ortopedia humana, aunque

con algunas diferencias significativas.

En las civilizaciones antiguas, como la egipcia, griega y romana, existen
registros de intentos de tratamiento de fracturas y lesiones en animales,

particularmente en caballos y otros animales de trabajo. Estos tratamientos a

menudo se basaban en la observacion empirica y en métodos rudimentarios.

Figura 2. Herrador aleman o “médico de caballos” del siglo XVIII. Fuente: Revolutionary War Journal 2020

Durante la época medieval y el Renacimiento, la atencion a los problemas
ortopédicos en animales continud, pero no fue hasta los tiempos modernos que
la ortopedia veterinaria comenzo a desarrollarse como una disciplina mas
formal. En el siglo XIX, con el avance de la medicina veterinaria en general, la
ortopedia veterinaria comenzo6 a recibir mas atencion y se realizaron avances
en técnicas quirurgicas y tratamientos para animales con problemas

musculoesqueléticos (Cid 2000).



En el curso del siglo XX, la ortopedia veterinaria ha experimentado un notable
progreso, especialmente con la incorporacion de técnicas diagnosticas mas
sofisticadas, tales como el radiodiagnostico y los métodos objetivos de analisis
biomecanico, junto con procedimientos quirurgicos mas avanzados como la
fijacion interna y externa de fracturas, la artroscopia y la cirugia reconstructiva.
Conforme la medicina veterinaria ha evolucionado hacia una disciplina mas
profesionalizada y especializada, la ortopedia veterinaria ha adquirido el
estatus de una especialidad reconocida, con profesionales veterinarios
dedicados exclusivamente al diagnostico y tratamiento de trastornos

musculoesqueléticos en animales.

En la actualidad, la ortopedia veterinaria constituye un componente esencial de
la practica veterinaria, con especialistas capacitados para abordar una amplia
gama de condiciones ortopédicas en animales domésticos y de trabajo. Esto
incluye el analisis biomecanico, la cirugia ortopédica y traumatologica, asi

como la rehabilitacion y fisioterapia.

Los avances en tecnologia médica, como la plataforma de fuerza y de presion,
la tomografia computarizada y la resonancia magnética, han ampliado las
opciones de diagndstico y tratamiento disponibles, facilitando un cuidado mas
avanzado y personalizado para los pacientes animales (Jones y cols., 2022).
En el marco de esta tesis, se abordara el tema de la cojera en canidos desde
una optica contemporanea y prospectiva, con un enfoque en su diagnostico y

las técnicas de evaluacion mas emergentes.



2. CAUSAS DE COJERAS

Las causas de cojera en animales son variadas y muchas veces

multifactoriales. Las mas comunes son:

2.1. Lesiones Musculares, Tendinosas o de

Ligamentos:

Distensiones, desgarros o lesiones en los musculos, tendones o ligamentos, las
cuales pueden ser el resultado de ejercicio excesivo, traumas o movimientos
bruscos. (Hittmair y cols., 2012) (Wijdicks y cols., 2010)

2.2. Lesiones Oseas:

Las fracturas, luxaciones o enfermedades Oseas. son lesiones normalmente
producidas por traumatismos, caidas, problemas de desarrollo o congénitos.
(Tomlin y cols., 2001 ; Perry y cols., 2021)




Figura 3. Radiografias preoperatorias (izquierda) y dibujo esquematico (derecha) de la pata anormal. (1)
primer hueso metacarpiano; (2) segundo hueso metacarpiano; (3) parte proximal rudimentaria del tercer
hueso metacarpiano (el circulo rojo); (4) hipoplasia del tercer hueso metacarpiano (circulo amarillo); (5)
cuarto hueso metacarpiano; (6) quinto hueso metacarpiano; (7) falange proximal del segundo dedo; (8)
confirmacion doble de la falange proximal y medial del tercer dedo (marcado con el triangulo marron); (9)
falange proximal del cuarto dedo; (10) falange proximal del quinto dedo; (11) nota que solo se desarrollo
una unica uia en el tercer dedo (flecha azul); (12) falange medial del cuarto dedo con deformidad severa
en valgo y falange distal del cuarto dedo con deformidad en varo (flecha roja). Fuente: Animals mpdi
https://doi.org/10.3390/ani14111647 (Wehrenpfennig y cols., 2024)

2.3. Infecciones:

Las infecciones en las extremidades ya sean de origen bacteriano, viral o
fungico, pueden causar inflamacion y dolor, o que usualmente se manifiesta

como una cojera. (Ruoff y cols., 2017 ; Erney cols., 2007)

2.4. Problemas Neuroloégicos:

Trastornos neurolégicos que afectan los nervios responsables del control del

movimiento, esto podria incluir patologias como la hernia discal (Kerwin y cols.,
2020 ; McDonnell y cols., 2001).

e P =

Figura 4. Perro con ataxia del miembro pelviano. Fuente: Veterinary Medical Center at the University of
Minnesota College of Veterinary Medicine



2.5. Objetos Extranos o Heridas:

La presencia de cuerpos extranos, como espinas, vidrios o astillas,

ademas de heridas en las almohadillas o las ufia (Kunkel y cols., 2008).

2.6. Problemas Vasculares:

Trastornos vasculares que afectan el flujo sanguineo hacia las extremidades

(Boynosky y cols.,2014).

2.7. Enfermedades Sistémicas:

Algunas enfermedades sistémicas, como la leptospirosis, leishmaniosis,
erliquiosis, pueden afectar las extremidades y causar cojera. (Wallborn F y cols.,
2016) (Vincent-dohnson 2003). Ademas de enfermedades endocrinas que
cursan con obesidad o la obesidad por si sola (Zomer y cols., 2024)

Figura 5. Radiografias de un perro con Leishmaniosis, caudocraneales (A, B) y mediolaterales (C, D) del
miembro posterior derecho (A, C) y del izquierdo (B, D), incluyendo la articulacion de la rodilla y el tarso. Se
observa una reaccion periosteal irregular y continua en la metafisis proximal (1) y distal (2) de la tibia, mas
evidente en el lado derecho, asi como en los huesos del tarso, principalmente en el calcaneo (3). También



se puede observar un derrame articular y una hinchazon periarticular en la rodilla y el tarso (3). Fuente:
Animals https://doi.org/10.3390/zoonoticdis2030010 (De Feo y cols., 2022)

2.8. Problemas Articulares:

Enfermedades articulares como la osteoartritis (OA), la displasia de cadera o
la displasia de codo pueden causar cojera en animales. Estas condiciones a
menudo afectan a perros mayores o razas predispuestas genéticamente (Rychel
2010 ; LaPrade y cols., 2021).

Dado que las etiologias de las cojeras en canidos son variadas y frecuentemente
multifactoriales, es comun que se asocien con el desarrollo concomitante de
osteoartritis en la mayoria de los casos (Malek y cols 2012). La osteoartritis
canina, también denominada artrosis, representa una enfermedad degenerativa
de las articulaciones caracterizada por el deterioro progresivo del cartilago
articular (Rychel, 2010).

Este deterioro es acompanado de cambios en las estructuras subyacentes como
la formacion de osteofitos, esclerosis subcondral, colapso articular, quistes
subcondrales, y la inflamacion de la membrana sinovial. (Ramirez-flores y cols.,
2017, Bland 2015).

La prevalencia de la osteoartritis en la medicina veterinaria ha aumentado
considerablemente, convirtiéndose en una causa comun de consulta veterinaria
(Malek y cols 2012). Las articulaciones mas comunmente afectadas por la
osteoartritis en medicina veterinaria incluyen el codo, la cadera y la rodilla (Malek
y cols., 2012).

La principal etiologia de la osteoartritis en la articulacion de la rodilla es la ruptura
del ligamento cruzado, que ademas constituye la causa predominante de cojera
en el miembro pelviano. (Duval y cols., 1999). También puede aparecer en
animales con luxacion de rotula (Kalff y cols., 2014).

La principal causa de OA en codo y cadera es la displasia. (Lau 2018, Anderson
2020).



La displasia de codo es un sindrome que engloba un conjunto de patologias
que afectan la articulacion del codo, alterando su congruencia y funcion
biomecanica. Las patologias mas reconocidas asociadas con la displasia de
codo en caninos incluyen la fragmentacion del proceso coronoides, la
osteocondritis disecante y la no union el proceso anconeo. (Tobias y Johnston
2011)

La displasia de cadera en caninos se define como una patologia ortopédica
caracterizada por una evolucion anormal de la articulacion coxofemoral,
manifestada por una discrepancia anatomica entre la cabeza del fémur y el
acetabulo pélvico. Esta incongruencia articular puede provocar sintomatologia
dolorosa, cojera y limitacion de la movilidad, y en casos severos, puede
desencadenar en degeneracion articular y discapacidad funcional (Smith y cols.,
2015) (Rodriguez y cols., 2003).

Figura 6. Radiografia ventrodorsal extendida de un Rottweiler de cuatro meses de edad con lo que se
asumia eran articulaciones de cadera normales. Se observan las vértebras lumbosacras transicionales (tipo
Ill). La derecha siempre esta a la izquierda de las imagenes. (B) Ampliacion de (A), enfocandose en las
articulaciones de la cadera: demostracion de la medicion del angulo de Norberg. (C) Seccidon de una
radiografia VD en otro cachorro de Rottweiler de cuatro meses con evidente laxitud en ambas articulaciones
de la cadera, mas severa en el lado izquierdo. El centro de la cabeza femoral esta posicionado sobre el
borde acetabular dorsal en (B) y definitivamente lateral al borde acetabular dorsal en (C) bilateralmente. (D)
Ampliacién de (C), demostrando la distancia real del centro de la cabeza femoral al DAR. Fuente: Animals
https://doi.org/10.3390/ani12101269 (Vidoni y cols., 2022)



https://doi.org/10.3390/ani12101269

2.9. Neoplasias:

Las neoplasias 6seas son otra posible causa de cojera en la especie canina
(Klein 2020). Estos tumores pueden afectar a cualquier tipo de hueso. Las mas
comunes incluyen: osteosarcomas, condrosarcomas, osteomas y fibrosarcomas
(Liptak y cols., 2021, Patterson y cols., 2023). Debido a la agresividad de estas
patologias en la mayoria de los casos la opcion terapéutica pasa por la
amputacion de la extremidad afectada (Morris y cols., 2022).



3. METODOS DE DIAGNOSTICO DE
PATOLOGIAS QUE CURSAN CON COJERA

3.1. Radiodiagnéstico

El radiodiagnostico es una disciplina de la medicina veterinaria que se
especializa en el uso de técnicas de diagndstico por imagen médica para
diagnosticar enfermedades y patologias médicas en los animales. Estas técnicas
se basan en el uso de radiaciones ionizantes, como los rayos X, para producir

imagenes de las estructuras internas del cuerpo.

El objetivo principal del radiodiagndstico es obtener informacion visual sobre la
anatomia y la funcionalidad de érganos y tejidos, lo que ayuda a los veterinarios
a realizar diagndsticos mas precisos. (Thrall 2018) (Madsen y cols., 1995)

Algunas de las técnicas de radiodiagnostico mas comunes incluyen:

3.1.1. Radiografia convencional:

Emplea rayos x para generar imagenes bidimensionales de las estructuras

internas, incluyendo huesos y érganos. (KluBmann y cols., 2024).

Figura 9. Fractura de Monteggia del miembro anterior de un perro. Hay una fractura oblicua corta en la
diafisis media del cubito con desplazamiento craniolateral ensanchamiento del espacio articular
humerorradial; y luxacién lateral de la cabeza radial.

Fuente: Journal of the American Veterinary Medical Association https:/doi.org/10.2460/javma.21.05.0254
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3.1.2. Tomografia Computarizada (TC):

Fusiona multiples imagenes obtenidas por rayos X desde distintos angulos para
reconstruir imagenes tridimensionales detalladas de los érganos internos

internos (KluBmann y cols., 2024).

Figura 10. Fotografia de tomografia computarizada. Fuente: HCV-ULPGC

3.1.3. Fluoroscopia:

Proporciona imagenes en tiempo real mediante el uso de rayos X, permitiendo
la visualizacion de la funciéon en movimiento de los 6rganos (Berg y cols., 2023).

Figura 11. Fotografia de Fluoroscopia. Fuente: HCV-ULPGC

11



3.1.4. Resonancia Magnética (RM):

Emplea campos magnéticos y ondas de radiofrecuencia para obtener imagenes
detalladas de tejidos blandos y estructuras internas, sin la exposicion a
radiacion ionizante (Limpens 2024 ) (Schachar y cols., 2024).

3.2 Ultrasonidos:

Utiliza ondas sonoras de alta frecuencia para generar imagenes en tiempo real

de las estructuras internas del cuerpo (Otero y cols., 2024).
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4.METODOS DE EVALUACION DE COJERAS

4.1. Métodos Subjetivos:

Las escalas subjetivas en veterinaria son herramientas que permiten evaluar y
cuantificar de manera subjetiva diversos aspectos del estado de un animal, como
la intensidad de una cojera. Estas escalas se basan en la observacion vy
evaluacion de ciertos parametros, y aunque no proporcionan mediciones
objetivas, son utiles para guiar el tratamiento y la toma de decisiones (Finka y
cols., 2019).

Algunas de las mas comunmente utilizadas incluyen:

4.1.1. Escala Visual Analégica de Cojera (CVAS):

Una herramienta que utiliza una linea horizontal donde los observadores o
duefios marcan el nivel de cojera percibida por el perro, asignando valores en

una escala continua de 0 a 10 (Brown y cols., 2007)

4.1.2. Escala de Cojera de 5 Puntos:

Este método clasifica la cojera en una escala ordinal de 0 a 4, donde O representa
la ausencia de cojera y 4 indica la cojera mas severa (Hudson y cols., 2010)

4.1.3. Escala de Cojera de la Universidad de
Pennsylvania (PennHIP):

Utiliza una puntuacion ordinal de 0 a 4 para evaluar la funcion de la extremidad,
donde O indica una funcion normal y 4 representa una cojera grave con

incapacidad para soportar peso (Smith y cols., 2001)
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4.1.4. Escala de Cojera de la Universidad de Glasgow
(GUVARS):

Es una escala ordinal que va de 0 a 6, donde O indica ausencia de cojera y 6
representa una cojera muy severa con completa incapacidad para soportar peso
(Hielm-Bjorkman y cols., 2003).

4.1.5. Escala Bristol Osteoarthritis in Dogs (BrOAD):

Se usa para cuantificar la severidad de |la osteoartritis en caninos. Disefiada para
ofrecer una evaluacion estandarizada, la BrOAD considera varios parametros
como la claudicacion, la limitacion de movilidad articular, la funcionalidad y la

intensidad del dolor (Innes and Barr 1998).

4.1.6. Texas A&M Client:

Es utilizada para medir la percepcion subjetiva del propietario respecto a la
calidad de vida de su mascota, particularmente en contextos de enfermedades

cronicas o terminales en animales de compaiiia.

Esta escala solicita al propietario que califique diversos aspectos relacionados
con el bienestar de su mascota, tales como el nivel de dolor, la actividad fisica,
el apetito, la interaccion social y otros comportamientos relevantes (Hudson vy
cols., 2004).

4.1.7. Canine Brief Pain Inventory (CBPI):

Es un inventario que solicita a los propietarios de los perros que califiquen la
intensidad del dolor experimentado por su mascota en diferentes situaciones y
momentos, asi como el impacto que este dolor tiene en la calidad de vida del

animal.

Ademas, se puede evaluar la respuesta del perro al tratamiento del dolor
utilizando esta herramienta. La estructura del CBPI consta de dos secciones
principales: una destinada a evaluar la intensidad del dolor y otra centrada en

14



determinar cémo el dolor afecta el comportamiento y la actividad cotidiana del
perro (Cimino Brown y cols 2007).

4.1.8. Helsinki Chronic Pain Index (HCPI)

El indice de Comportamiento del Dolor en Caninos (HCPI) ha sido empleado de
manera continua para la valoracion del dolor crénico en la especie canina
afectados por osteoartritis en las articulaciones de la rodilla, codo y cadera
(Hielm-Bjorkman et al., 2003; Wernham et al., 2011; Hielm-Bjorkman et al., 2012;
Hielm-Bjorkman et al., 2014; Heikkila et al., 2014).

Estas herramientas de medicion son de gran utilidad debido a que posibilitan una
comunicacién uniforme entre los profesionales veterinarios y los duefios de
mascotas, simplifican la monitorizacion del avance del tratamiento y funcionan

como indicacores clave para medir la eficacia de las intervenciones veterinarias.

Sin embargo, es importante tener en cuenta que todas estas escalas estan
sujetas a la percepcidn subjetiva del observador, lo cual puede impactar de forma

significativa en la valoracion definitiva (Horstam y cols., 2004)

4.1.9. Escala Funcional Bioarth (EFB):

Es un sistema de puntuacion de cojera (de 0 a 3 y de 0 a 2 segun el caso) que
evalua 12 parametros, incluyendo limitacion funcional, movilidad articular y
atrofia muscular. Especificamente, estos parametros incluyen cambios en la
extremidad mientras esta de pie, cambios en la postura al levantarse, cojera en
reposo, cojera después de 10 minutos de caminata, resistencia para caminar,
resistencia para correr, subir escaleras, limitaciones al realizar pequefos saltos
(40-50 cm) y movilidad de la rodilla (Vilar y cols., 2016).

La Escala de Evaluacién Bioarticular Radiolégica (RBAS) constituye un
complemento a la Evaluacién Funcional de la Rodilla (EFB). Esta escala fue
introducida por primera vez en el aio 2006 (Sanchez-Carmona y col., 2006) y se
emplea para cuantificar los hallazgos radiolégicos asociados con la osteoartritis

en la articulacion de la rodilla, asi como para clasificar el grado de severidad de
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esta patologia mediante un enfoque sencillo y objetivo. El procedimiento se
fundamenta en un sistema de puntuacion que varia en funcién de las
alteraciones radiologicas observadas en los casos de osteoartritis de rodilla
(Millis y col., 2004; Cuervo y col., 2014).

Pet Name

Owner name

9. -
(0) No pain and no crepitation/ (1) There is pain on the last stages
(2) There is pain and/or crepitation during the process

(3) It cannot be carried out or there is severe pain and crepitation

10.

(0) Total flexion 50-60° (1) Mild limitation <80° (2) Severe limitation >80°

11.

(0) Total extension 160-170°% (1) Mild limitation>150°% (2) Severe limitation <150°
TOTAL SCORE OF THE RANGE OF MOVEMENT

(sum of scores 9-11)

(0) There is no muscular atrophy/ (1) Mild atrophy/ (2) Severe atrophy

TOTAL SCORE (sum of A+B+C)

Figura 12. Escala Bioarth® para la evaluacion de la articulacion coxofemoral

Con el objetivo de comprobar la utilidad de dichos métodos subjetivos, se ha
utilizado la escala Bioarth® para comparar el éxito de dos técnicas quirurgicas

utilizadas en la resolucién de rotura de ligamento cruzado.
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Simple Summary: The raptume of the cranial cruciate ligament i one of the most common causes of
hindlimb lameness in dogs. In this shudy, we companed bwo different tibial tuberosity advanoement
(TTAFbased surgical techniques to treat this condiion. Mo significant differences wen found when
both procedures wen: analyzed using different assessment parameters.

Abstrack Tearing of the cranial cruciake ligament causes hindlimb lameness in dogs. Different
surgical procedums have been proposed to treat this condition. In this study, two different TTA-based
techniquees and implanks wene companed. A total of 30 dogs wene s parated into two growps according
tio the technigue and implant nsed (Poroos TTA® or Model Xgen™) The aim of the study was to assas
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3 months afier surgery. No significant differences were found in any of the assessed parameters.
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1. Introduction

Ome of the main reasons dog owners visit a veterinary clinic is for lameness [1]. Mome
specifically, the main eticlogy for hindlimb lameness are often conditions involving the
stifle joint [2]. The cranial cruciate ligament (CCL) is the main structure that stabilizes the
stifle, avoiding the cranial movement of the tibia and limiting the inlemal rotation and the
hyperex tension of the stifle [3]. Injury of the CCL alters these limitations and causes an
abnormal movermnent bebewean the stifle articular surfaces [4].

Repeated damage of the cartilage caused by interactions between the altered surfaces
causes a progressive osteoarthritis (OA). Therefore, the goal of a CCL reconstruction is to
restore the normal stifle dynamics in order to avoid the progression of OA [5,5].

Since the beginning of the 20th century there have been different approaches and
discussions about the eticlogy, diagnosis, and treatments for a cranial cruciate ligament tear
{CCLT) in the canine species [7]. The exact eticpathogenesis of the CCLT is urdmown. Most
of the diagnosed and treated cases are not preceded by rauma; instead, they are caused by
a degenetative process that affects the collagen characteristics of the CCL, which can affect
dogs of any gender or age [1].

The diagnosis of a CCLT can be achieved based on physical examination, imaging tests
(X-ray, CT scan, MRI scan, ultrasounds) and arthroscopy [6] CCLT treatment options can
be medical, surgical or both. Regarding surgical echniques, different procedures have been
proposed that aim to neutralize the cranial movement of the tibia by changing the tibia's

Animals MY 13, 3453 hitps/ /dodoeg /103590, fani1 3229453
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geometry. The axial foree is redirected parallel to the patellar tendon and the tbio-femoral
shear force is nullified, repladng the CCL function [S].

Tibial tuberosity adv ancement (TTA ) echniques are based on an osteotonny that allows
the advancement of the tibial tuberosity cranially. Then, it is stabilized using a special
implant. This procedure was deseribed in 2004 [9].

Sinee 2004, many authors have deseribed other technical variations using different
kinds of implants to obtain the cranial advancement of fibial tuberosity [10-12]). Among
ﬂmﬂeﬁrﬁmmﬁbyﬂnhﬁﬁmmﬁmlﬁgim:h&naﬂaﬁﬁﬂrmCanaﬁa, Spain)
and the Model Xgen® by Securos Surgical with Xgen TTA (Securos Surgical, Fiskdale, MA,
USA ) techniques incorporate an osteotomy of the non-weight bearing portion of the Hbia,
where the implant is placed. The patellar ligament is aligned perpendicular to the common
tangent of the femorotibial join, eliminating cranial tibial thrust This new alignment
eliminates the need for the OCL and mesults in a stable joint [9].

Pmmsmﬁm&apmmswedEEMEiﬁtanimﬂutmﬂlshde&dmadghy
the ostectorny. This wedge allows a fast and good vascularization that promotes abundant
bone tissue formation. The fast penetration of bone into the implant enables the early
stabilization of the stifle [13,14].

MuddXGENIJ_','Sacmusﬁfﬁbial Tuberosity Advancement System) is based on the
original modifiesd TTA technique by the Montavon and Kyon comparny in 2004 that was
based on previous studies by Maquet [7]. This was the first system to use a forkless plate
and cuttable cages. The cages are designed to establish early ostecintegration (O1) and high
resistance, reducing implant failure [10].

Several methods have been used to evaluate the hind function and QA progression
afer CCL treatment. In assessing stifle-related lameness, the Radiclogic Bioarth Assessment
Scale (RBAS) was first described in 2006 [15] and it is used to quantify the radiologic signs
of OA in the joint of the stifle and classify the OA stage using a simple and objective
method [15,16]. The method is based on a punctuation systemn that changes according o
the radiclogic changes observed on the OA of the stifle. To complement this, the Bioarth
Funectional Scale (FBAS) is a lameness seoring system (from 0 to 3 and 0 to 2 according
to the case) that assesses 12 parameters, including functional limitation, joint mobility
and muscular atrophy. Specifically, these parameters include changes in the limb while
standing, changes in posture while getting up, lameness in rest, lameness after 10 min of
walking, msistance towalk, resistance to run, climbing stairs, limitations doing small jumps
(40-50 cm) and stifle mobility [17].

The nimui&ﬁssmdyistunsae&sifumnfﬂmeCCLte&uﬁqmﬁ&mﬂASammﬁﬁ
implant or the TTA mels'i'implam}hasabetnrfmmﬁmmlrempuaﬁm\nf&msﬁ-
fle, better bone healing after the osteotomy procedure and fewer osteoarthritic changes.
Complications have also been reported; therefore, we also want to assess the safety of
these techniques.

2 Materials and Methods
211. Dog Sdection and Groups

All the dog owners of this study were clients of the Veterinary Teaching Hospital of
the University of Leon (Leon, Spain).

A total of 30 dogs with unilateral CCLTs were used. Body weight and age ranged
between 5 and 65 kg and between 12 and 210 months, espectively. The animals wene
randomly distributed into two groups by gender, breed and affected side (supplementary
file, Tables 51-53).

Group 1—TTA with the implant Securos® {model XGEN).

Group 2—TTA with the implant Porous®,

The inclusion criletia comprised the absence of any concurment sy stemic or orthopedic
cal profiles. Furthermore, the subjects in the study could not have received any form of
meatment for a mininmm of one month
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A comprehensive clinical evaluation encompassing physical, neurologic and orthope-
dic examinations and assessment of vital signs was conducted to ensure that the sole cause
of lameness in the subjects was spedfic joint ostecarthritis,

The physical examination was based on a complete evaluation of the affected limb,
including pain and inflarnmation, and observing the dog standing and walking at differ-
ent speads (supplementary file, Table 54). The Aumetional examination of the limb was
performed using a procedure based on the FBAS (supplementary file, Tables 55-516).

For hind limb examination, sedation with dexmedetomidine (3-5 pg/kg IM) and
butorphanol (L1 pg/ kg IM) was used in order to perform the drawer test and the Finochi-
etto test, also known as the jump test (an orthopedic test to assess meniscus tears in
the stifle) [ 15].

2.2 Surgical Procedures

In Group 1, the Model XGEN by Securcs® fmplant was used; the Porous® TTA implant
was used in Group 2.

The surgeries wene performed by two experienced surgeons. As we had two groups of
fifteen animals, one surgeon performed seven surgeries using Porous TTA and eight using
Model XGEN, whereas the other surgeon did eight surgeries using Porous TTA and seven
using Model XGEM.

Both techniques have been previously described, but briefly:

Group 1: TTA with the Securos implant.

The patient was posifoned in lateral recumberce so that the afiected limb is lying
flat on the table. The medial aspect of the proximal tibia is approached. A cranio-medial
parapatellar incision is made from the patella to the medial saphenous vein

The fascia is sharply incised and elevated until the uberosity is medially and laterally
visible. The patellar ligament is isolated by making an indsion caudally and a small Gelpi
retractor is used to protect it from the saw blade when performing the osteotomy.

The ostectomy line begins at the distal aspect of the tibial tubersity and ends at the
candal arm of the Gelpi. The ostectomy must be curved gently in the distal tuberosity to
minimize stress and avoid postoperative tibial fractures. Onee the osteotomy is perforned,
the pre-contoured plate is placed with its crandal aspect parallel to the tuberosity and the
screws are placed behind the cranial cortex. The distal screw should be positioned just
above the osteotomy. Onee the ostectomny cut is complete, the osteotomized tuberosity is
spread apart to facilitate the TTA cage placement Cancellows bone grafts can be collected
from the tibial shaft and be placed later in the completed TTA cage. The width of the TTA
cage was deermined based on preoperative radiographs.

Finally, a 2.0 mrn drill kit is used to fix the distal plate to the tibial shaft The i
eollected cancellous bone is now placed in the osteotomy gap (Figume 1ab) [9].

Group 2: TTA with the Porous® implant.
Befome starting the surgery, the advancement of the tibial tuberosity should be measuned.
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The patient is positionad in lateral recurnbence with the damaged stifle directly on
the table. A medio-proximal approach to the tibia is performed. The incision starts over
the patella and runs 1 cm distally to the end of the tibial tuberosity, and the proximal tibia
is exposed. After drilling a distraction hole, an osteotomy is performed using a cutting
guide. Then, the tibial tuberosity is slowly advanced distracting 1 mm per minute to avoid
breakage. After this, the appropriate porous titanium wedge is placed to avoid crandal
thrust. The wedge should be placed a few millimeters distally to the proximal aspect
of the tuberosity. Finally, the plate is placed, fixing the tuberosity to the tibial diaphysis
(Figure 2a,b) 19}

Figure 2 (a) View of the Porous implant. (b) View of the placed implant during the surgical procedus.
2.3. Postoperative Assessment

For (OA assessment, radiographs were taken for all dogs on the day of surgery and
one month and three months after surgery, with mediolateral and caudocranial projections.
In the mediolateral projection, we assessed and scored the lips of the trochlea, proximal
and distal poles of the patella, femoral condyles, tibial tuberosity, sesamoids bones of the
gastmocnemius muscle and tibial plateau or proximal articular surface of the tibia In the
craniocaudal projection, we evaluated and scored the tibial plateau or articular surface
proximal tbia, lateral epicondyle, medial epicondyle, intercondylar fossa of femur, head of
the fibula and edge of the medial condyle of the tibia. The scoring values ranged from 0
to 3 points depending on the radiological signs of OA (0 points for no radiclogical signs
of osteparthritis, 1 point for mild osteoarthritis, 2 points for moderate osteparthritis and
3 points for severe ostecarthritis). To determine the degree of total OA, the sum of the
assigned score was be added to each of the anatomical indicated areas. This radiological
assessment was performed by two weterinarians in each clinical case and each assess-
ment scome was averaged. Both veterinarians were expetienced orthopedic surgeons. The
values obtained by the two veterinarians were added to the final resulis table, placing
the stifle in one of the following four groups: (-2 points for stifles without radiologi-
cal signs of osteparthritis, 3-8 points for stifles with mild ostecarthritis, 9-18 points for
stifles with moderate osteoarthritis and =18 points for stifles with severe osteoarthritis
(supplementary file, Table 517).

Ostecintegration (O1) was evaluated according to an increase in the width and the
extent of radiolucent lines between the bone and inplant over time in the patient These
could be a sign of a lack of OL The formation of radiopague lines at the points of ostectomy
indicates proper O [20]. In cur study, the presence of radiopague lines at the points of the
ostectomy was considered as good Ol (supplementary file, Table 518).

2.4, Experimenfal Design

The dogs were randomly assigned to each of the experimental groups The groups
were initially tested for comparability (supplementary file, Tables 51-54); there were no
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sigmificant differences between the groups in any mlevant variables befome the meatments
weme applied. The variables used to assess the effect of each surgery were measuned on an
ordinal scale, with values ranging from 0 (good condition) to 3 {(worst condition) and weme
summarized as median and quartiles. A comparison of the distributions of these variables
between the two treatments was performed using the Wilomoon—Mann-Whitney test for
independont samples. To compare each treatment’s effects before and after surgery, the
Wiloowon test for paired samnples was used. The proportions (of gender, side of disease,
pain, etc.) between groups wene ested using the chi-squared test. McNemar's test was
used to compare the proportion of dogs with good O] at one and three months afier surgery.

We also caleulated the length of time of each surgery for each dog (supplementary fils,
Table 521}

In all cases, a significance level of 0L05 was used

3. Results

The comparison data of the characteristics and clinical findings of dogs in Groups 1
and 2 prior to the surgery is summarized in Table 1. Considering the p-values, thene wene
no significant differences between the groups in any of the variables considemed.
Table 1. Comparison of gender side of the distase, and physical éxamination of dogs with OCLTs
treated with two different TTA-based techniques.

Variable Group 141 = 15) Group 2 in=15 P Value
Female B (53.3%) 7 (LETH) Lo
Sparyed 3 (20L0%) 5(333%) (LEAO0
Right stifle 6 (40u0%) 8 (53.3%) 07140
Pain 12 (BOL0%E) 11 (733%) Lo
Inflammation 13 (B&.790) 14 (933%) Lo
Join keak 13 (B6.7%) 12 (80.0%) Lo
Finochie tho 5 (35.7%%) & (37.5%) L0000
Dhrawer kst (LE5E0

Absent 3 (20L08%) 2 (13.3%)

Present B (53.3%) (533}

Clear 4 (267%) 5 (33.3%)

The Bioarth Functional Seale seores prior to surgery ame shown in Table 2. Mo signifi-
cant differences weme found bebween the groups in any of the variables considened.

Tabie 2. Mean and standard deviations of different variables wsing the Bioarth scale at baseline in
each group.

Variable Grﬂnpi Gml‘.‘rnP-Z P-Value
':""“9:::‘1&“* “E“‘*I.E‘ o limb 160 + 074 173+ 070 05700
Changes in postus while 100 + 065 120 + 68 pA157
fetting up
Lameess 213+09 207 + 09 06538
Lameness afber 10 i of walk Lé7 + 090 1534009 07108
Resistarce to walk 087 + 092 080 + 094 08065
Resistance to run and play 200 + 053 160 + 091 01363
Resistance to climb staira 120 +0M 140+ 106 06115
Limitation o take small jumps L7 + 070 107 + (.80 10000
Manual articular mobility of the stifle 133 +072 140 +074 7T
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Table 2. Cant.
Variable Group 1 Group 2 P-Value
Limitaticon of the articular 067 + 052 (.80 + 056 o770
Hencion movement
Limitation of the articular 087 + 052 (.80 + 056 07370
axtenson movement
Musscular atrophy 060 + 063 053+ 052 8600

The mesults three months after the surgical procedune wene also companed in Table 3
Considering the p-values, there were no significant differences between both TTA tech-

niques for any of the variables considered.

Table 3. Mean and standard deviations of different variables using the Bioarth scale thee months
afier surgery ineach group.

Variable Group 1 Group 2 VYalue
Changes in the afiected limb
while standing 033 + 049 .20 + 0.41 04326
Changes in posture while 047 + 052 153 + 064 081
getting up
Lameness 073 + 103 080 + 101 07840
Lameness after 10 min of walk 033 + 062 (.33 + 0.49 05182
Resistancs 0 walk 040 + 091 013 + 052 03087
Fesistance to run and play 033 + 062 033 + 049 L8153
PReasistanoe to climb stairs L7 + 046 13 + 035 L3R5
Limitation to take small jurmps .00 + 0.00 013 + 035 01641
Marual .u.riicula.rmr.‘i:rilil':,r of
oculas o 077 + 050 013 + 052 03431
Limitation of the arficuler fexion 95 4 gn 013 + 035 L0000
miAfe ek
Limitation of the articular
mitation of the articu 007 + 0.26 007 + 026 L0000
Musscular atrophy 033+ 062 013 + 035 03554

Raw Biparth scale data can be found in the Supplementary Material (supplementary
file, Tables 55-516).

Radiologically, there were almost no changes in OA during the three months af-
ter surgery. There were only two dogs (#1 and #22) that slightly increased their scome
(supplementary file, Table 517). Regarding the Ol of the implant in the first and third
maonths after surgery (supplementary file, Table S18), there wene no significant differences
between the bwo technigues.

Regarding post-surgical complications, only one minor complication was present
in one dog from Group 1 (superficial wound ) and there was one major complication in
each group (inplant failure and avulsion of tbial coest, respectively ) (supplementary file,
Tables 519 and 520).

Both procedures took a similar length of time to be performed (43.26 vs. 43.60 min)

(supplementary file, Table 521).
4. Discussion

Surgical joint stabilization to avoid OA progression in the CCLT and the restoration
of limb function is still challenging for clinicians and researchers. Until now, none of the
surgical procedures have been shown to completely fulfill these aspects [21]. In the present
study, we compared the efectiveness of two different TTA-based surgical echniques to
tmeat CCLTE
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WVezzoni et al showed that 71% of CCL injuries are degenerative and 29% ame caused
by trauma; in both cases, the ar was complete [22]. In our study, we observed that 13% of
CCL injuries were caused by trauma and 87% wemne degenerative.

The percentage of dogs with a OCLT in our study match with the values from
Johnson et al. (1.55%), Whitehair et al. (1.82%) and Witsherger et al. (2.55%) [23-25]. We
found 45 cases of CCLT ina total of 2400 dogs, a percentage of LE7%, which is similar to the
above studies.

The efficacy of TTA has been widely proven since 2004 when the echnique was first
described [9]. Many years later, TTA is considered a successful surgery to treat CCLT [10].

There are many diflerent parameters we may use to compare the effectiveness of
surgical echniques to treat CCLTs. One study used a pressume platform analy sis, which is
an objective parameter, performed prior to surgery and at four different postoperative time
points o obtain a short-term comparison of tibial tuberosity advancement and tibial plate au
levelling ostectomy (TPLOY) [25] Livet et al used radiographic examination, lameness
seore evaluation and gait analysis to compare outcomess associated with TPLO and TTA [27].
These parameters ame subjective but in very relevant Another study critically eviewed the
available literature focused on the precperative planning, surgical procedure, follow-up
and complications of CCLTs using different tibial tuberosity advancemnent techniques [25].
This study comcluded that nearly 0% of the stifles examined in short-, mid- and long-
term follow-ups showed full and acceptable functionality. It did not find any significant
differences between TTA techniques. In our opinion, in order to compane very similar
techniques, the validation of any results should be obtained from homogenecus groups.
For this reason, we compared multiple characteristics of the dogs from both groups (gender,
lameress in the affected limb, proportion of dogs with pain, ete. ), finding no significant
differences between the groups

ERegarding the techniques comipared in our study, one study demonstrated the effec-
tiveness of the Porous TTA i 61 dogs, which had a minor complication rake of 47.69% after
3 weeks, 10.77% after & weeks and 4% afier 12 weeks of surgical intervention [12].

The Securos TTA is similar to the modified Magquet TTA; howevert, in this case, the
tibial tuberosity is completely cut, leaving the Maquet hole apart. It has been concluded that
the modified Maquet TTA obtains similar outcomes and complication rates when compared
with traditional TTA [10]. In our case, the comparison of initial values bebwesn groups for
all the phiysical variables of the animals showed no significant differences bebaesn groups,
a5 all the p-valses weme greater than (U05.

Regarding the evolution of OA, one study compared the OA changes in 33 stifles from
24 dogs reated with TTA and TPLO [29]. They concuded that the OA had progressed a
little bit more in TTAs than in TPLOs but that the difference was not significant. In our
study, only two dogs from the first group showed a minimal progression of OA, allowing
us to conclude that theme were also no significant differences between the TTA techniques.

Conceming the O of the implants, we also obtained very good results for both groups
after 1 month (86.7%) and after 3 months (93.3%). This fact is in concordance with a
previous study, proving that porous TTA. implants show excellent O and osteoconduction
properties [30).

In our study, we also compared the presence of complications when using both
techniques. A previous study by Matchwick et al. eeported a complications rate of 15.2%
in TTAs performed by six different non-specialized surgeons, where 7.5% were major and
7.7% were minor complications [21]. Costaet al obtained a complications rate of 13.4%,
where 1% had implant failure, 1.2% had patella hexation and 0.9% had tibial tuberosity
fractures [32]. They also concluded that complications are uncomnmon when performing
TTAs. In our case, we believe that both major complications were due to the same problem:
on the first surgeries using the Porous implant procedure, the csteotomy was made too
close to the eternal cortical of the tibia. We realized this caused the avulsion of the tbia
After correcting this issue, the problem stopped occurring for the subsequent surgeries.
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Finally, we compared surgery times im both groups, and we can confirm that theme ame
no significant differences bebwesen them.

Although we tried to provide a sound study design, our study has some limitations.
The first limitation is that the study only assesses a three-month evolution and problems
affecting implant stability and /or OA progression may arise over a longer period of tirme.
Second, the assessment of the functional status prior to and after surgery should have
improved with the objective methods based on kinetic and kinematic parameters, as shown
by other authors [32]. However, this was not possible because these methods are limited to
animals of a certain size and cur group was very heterogeneous and included patients of
small sizes. Lastly, a larger number of patients in our study would have had given greater
statistical significance. However, it was challenging to schedule the necessary meviews and
reev aluations (o accommiodate the patients” owners.

5. Conclusions

After comparing both groups 3 months post-surgery, we can conclude that the furne-
tional recuperation is similar for both procedumes. This study also shows that the O of the
implants after 3 months is cormect in both procedures. We also observed no progression
of OA in both groups; therefore, we believe that there should be fumure radiclogic and
clinical control assessmenits o deermine the long-term effects of these procedures. Minimal
complications wene noticed; therefom, we can confirm that both procedures ane safe in a
short-term follow -up.
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4.2. Métodos Objetivos:

El analisis objetivo de la biomecanica para detectar cojeras en perros implica una

variedad de métodos y herramientas que se utilizan para evaluar la marcha y el

movimiento del animal de manera cuantitativa y objetiva (Gundersen Ky cols.,

2022).

Estos métodos de analisis se pueden dividir en cinéticos y cinematicos.

4.2.1. Analisis cinéticos:

La cinética es una subdisciplina de la biomecanica que se especializa en el

estudio del movimiento, enfocandose principalmente en las fuerzas que lo

originan y modulan.

Entre estas fuerzas estan:

Fuerzas de reaccion del suelo (GRF, por sus siglas en inglés): son
de especial relevancia debido a su frecuente aplicacién en estudios
biomecanicos. La GRF es la fuerza que ejerce el suelo sobre un cuerpo
que esta en contacto con él, Esta fuerza es fundamental para entender
la biomecanica del movimiento en animales, asi como para evaluar la
locomocion y la salud ortopédica de los mismos (McCarthy y cols.,
2021).

Pico de Fuerza Vertical (PVF, por sus siglas en inglés):

El PVF en biomecanica veterinaria consiste en la capacidad maxima
de un animal para ejercer fuerza vertical, tipicamente expresada en
unidades de Newtons (N).

Esta medida es fundamental para evaluar la aptitud de los animales en
actividades como saltos, carreras y otras acciones que involucran

fuerza vertical, siendo crucial tanto en su comportamiento natural
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como en actividades atléticas (MarcFarlane y cols., 2018; Clayton y
cols., 2017; Wilson y cols., 2001; Back y cols., 2002).

- Impulso Vertical (VI, por sus siglas en inglés): El VI en biomecanica
veterinaria hace referencia al resultado del producto entre la magnitud
de la fuerza y la duracién del tiempo de apoyo (Lopez 2019). Dicho
indice resulta valioso para evaluar la eficiencia del movimiento en
animales, asi como su capacidad para generar fuerza en relacion con
la velocidad en diversas actividades fisicas, como el galope en
caballos, el salto en perros, entre otras (Van Weeren y cols., 2017,
Lopes y cols., 2020).

- Centro de Masas (COM, por sus siglas en inglés): Se describe como
la representacién en forma de vector que resulta de la suma de las
trayectorias de todos los segmentos corporales implicados en la

generacion de fuerzas (Winter y cols., 1991).

- Centro de Presiones (COP, por sus siglas en inglés): Se refiere a
la proyeccion vertical del centro de gravedad sobre la base de apoyo,
lo cual es fundamental para el analisis del equilibrio y la estabilidad
(Baratto y cols., 2002).

4.2.1.1 Plataformas de fuerza:

Son dispositivos sensibles que registran las fuerzas ejercidas por las
extremidades del perro durante la marcha, lo que facilita la evaluacién de la
distribucion de la carga y la simetria de la marcha (Molsa y cols., 2010).

Figura 13. Plataforma dinamomeétrica de fuerza con 4 sensores de la marca Pasco®
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Las plataformas de fuerza se utilizan en una variedad de aplicaciones en
medicina veterinaria, investigacion biomecanica y rehabilitacion animal,

incluyendo:

Evaluacion del paso: Las plataformas de fuerza permiten analizar la forma en
que un animal distribuye su peso corporal durante el movimiento, lo que es
fundamental para diagnosticar y monitorizar trastornos musculoesqueléticos,
lesiones neuroldgicas o cambios en la biomecanica de la marcha (Lascelles y
cols., 2006).

Analisis funcional (dinamico): Estos dispositivos proporcionan datos precisos
sobre la fuerza y el tiempo de contacto de las extremidades con la superficie

durante actividades como el salto, la carrera o el aterrizaje.

Este aspecto es fundamental para entender la mecanica del movimiento y
optimizar el rendimiento en animales atletas, permitiendo un enfoque mas
preciso en la mejora de la eficiencia y la prevencion de lesiones. (Pereira y cols.,
2019).

Rehabilitacion animal: En el campo de la fisioterapia y rehabilitacion
veterinaria, las plataformas de fuerza se utilizan para evaluar la progresién del
tratamiento, monitorear la recuperacion de lesiones musculoesqueléticas y
disefiar programas de ejercicio especificos para mejorar la fuerza y la funcién

muscular (Roush y cols., 2010).

Investigacion cientifica: Las plataformas de fuerza son herramientas valiosas
en estudios de investigacidon para comprender la biomecanica de diversas
especies animales, investigar la eficacia de tratamientos médicos o quirurgicos
y desarrollar nuevas técnicas de evaluacion y rehabilitacion (Schwarz y cols.,
2012).

30



Figura 15. Grafica resultante de una plataforma de fuerza . Fuente: Hospital Clinico Veterinario de la

ULPGC

4.2.1.2. Plataforma de presion:

Es un sistema equipado con sensores de presion distribuidos en su superficie,
disefiado para registrar la distribucion de la carga y las fuerzas aplicadas por las
extremidades del canino durante la marcha. Este dispositivo proporciona
mediciones cuantitativas de la presion ejercida en diferentes areas de contacto
con la plataforma, permitiendo un analisis objetivo de la biomecanica de la

marcha.

La informacion recopilada se utiliza para identificar desequilibrios en la carga de
peso entre las extremidades, asi como para detectar anomalias en el patrén de
marcha que puedan indicar la presencia de cojeras u otras disfunciones

locomotoras (Evan y cols 2005; Waltons y cols 2014; Vilar y cols 2013).

Figura 14. Las plataformas de presion de gran longitud (hasta 2 metros) permiten el registro de varios

pasos consecutivos. Plataforma tekscan. Fuente:
https://twitter.com/vetbiomechanics/status/666602613715173376
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Es un dispositivo extensamente utilizado en la investigacion biomecanica,
ademas de su aplicacién en el entorno clinico, habiendo sido incorporado
gradualmente en los ultimos afios al arsenal de herramientas para la obtencién

de parametros derivados de las GRF.

Su caracteristica principal radica en la presencia de multiples sensores
distribuidos a lo largo del area de estudio, lo que permite la recopilacion de datos
especificos de regiones particulares. De modo similar a las plataformas de
fuerza, la velocidad de adquisicion de datos puede ajustarse segun las
necesidades (Oosterlinck y cols., 2010a).

Estos dispositivos no representan un costo significativamente mayor en
comparacion con sus predecesores, pero presentan una ventaja considerable al
ser capaces de cubrir areas extensas (hasta 2 metros de longitud), lo que facilita
el registro de datos de multiples puntos de apoyo.

Otra aplicacion relevante de estos analisis radica en la capacidad de obtener,
ademas de los parametros tradicionales como el PVF y el VI, mediciones
adicionales de creciente importancia, tales como la distribucion de la carga
corporal y las presiones media y maxima ejercidas durante el apoyo. Cuando
estos parametros se analizan de manera integrada, configuran el estudio
podobarométrico, una herramienta avanzada para la evaluacion biomecanica del
pie, que proporciona informacién detallada sobre la dinamica de la distribucion
de fuerzas y la eficiencia del soporte plantar (Oosterlinck et al., 2011).

En definitiva, el analisis cinético esta considerado el “gold standard” para la
evaluacion de la marcha. Si hay una patologia que genera alteraciones mas
graves de la marcha, va a ser la amputacion de un miembro de forma traumatica
o como tratamiento quirdrgico en casos de tumores que afectan a las
extremidades. En este sentido parece interesante investigar en profundidad
dichas alteraciones de la marcha con esta tecnologia, y es quelaa amputacién
de miembros ya sea por lesion o como consecuencia de un procedimiento
quirurgico de salvamento, compromete el rendimiento locomotor de los
cuadrupedos y afecta el funcionamiento de todo el sistema musculoesquelético.

Como consecuencia, los perros amputados desarrollan mecanismos
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compensatorios en un intento de caminar sin perder el equilibrio (Black, 1970;
Fuchs y cols., 2015; Galindo-Zamora y cols., 2016).

En términos generales, se ha informado una excelente recuperacion funcional
cuando se ha amputado un miembro toracico o pelviano en perros (Carberry y
Harvey, 1987; Withrow y Hirsch, 1979; Kirpensteijn y cols., 1999); aunque,
tedricamente, en la mayor parte de los casos, la postura y la capacidad
locomotora de los perros amputados pueden modificarse (Ben-Amotz y cols.,
2020; Raske y cols., 2015).

Sin embargo, la literatura cientifica que informa de manera objetiva sobre los
cambios en la marcha del perro y las variaciones cinéticas debido a la
redistribucion de las fuerzas sigue siendo muy escasa (Goldner y cols., 2015).
Especificamente, las variaciones cinéticas en perros amputados de miembros
toracicos a menudo proporcionan la fuerza vertical maxima y el impulso vertical

clasicos (Kirpensteijn y cols., 2000; Jarvis y cols., 2013).

Para comprender completamente la adaptacién musculoesquelética a la

marcha tripeda, seria interesante necesario complementar los datos clasicos

de la GRF con nuevos parametros adicionales.

Figura 7. Examen postural de un perro amputado, en una plataforma de presion. Fuente: Hospital
Veterinario de la ULPGC

33



Parece l6gico pensar que estas adaptaciones funcionales que alteran la
dinamica normal de las unidades musculoesqueléticas (tendones, musculos,
ligamentos, articulaciones...) deberian tener algunas consecuencias clinicas.
En términos relativos, el miembro restante deberia soportar mas peso después
de una amputacion de miembro toracico que la extremidad restante después de
una amputacion de miembro pelviano (Kirpensteijn y cols., 2000), lo que
significa que los amputados de miembros toracicos son mas propensos a sufrir

lesiones causadas por sobrecarga.

Por esta razén, es necesario comprender las adaptaciones biomecanicas
especificas en perros amputados (Fuchs y cols., 2014; Carberry y cols., 1987,
Kirpensteijn y cols., 1999). En este sentido, se planted la hipotesis de que la
amputacion cambiaria la magnitud no solo de las GRF verticales, sino también
en el plano horizontal y sus impulsos correspondientes; en esta situacion,
también deberia aumentar la carga sobre las extremidades restantes
(especialmente la contralateral) y desplazar el centro de gravedad del perro

lejos del sitio de amputacion (Kirpensteijn y cols., 2000).

Aunque se basan en diferentes principios fisicos, se asume que el COP es la
proyeccion vertical del centro de gravedad sobre el plano de soporte (Blaszcyk
y cols., 1994). Las modificaciones del COP se miden actualmente con
plataformas de presion; estos dispositivos, gracias a sus multiples sensores,
estan validados para estudiar el balance del COP en perros sanos y cojos,
tanto en la fase de locomocion como en la posicion estatica. (Charalambous y
cols., 2023; Virag y cols., 2022).
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Figura 8. Presion de la pata registrada durante la fase de apoyo de un perro amputado. Los puntos rosa
representan la ruta COP. La parte superior de la imagen es craneal, la inferior es caudal, la derecha es
medial y la izquierda es lateral. El trayecto empieza mas caudalmente a nivel de la almohadilla
metacarpiana y discurre cranealmente; esto demuestra que cuando la extremidad hace contacto con el
suelo, se coloca mas cranealmente que unas extremidades anteriores sanas. Fuente: Hospital Veterinario
de la ULPGC

Con el propésito de investigar en profundidad los cambios dinamicos (marcha)
y estaticos (posturales) en la especie canina tras la amputacion de un miembro
toracico, se ha decidido llevar a cabo un estudio que permita la obtencion de
diversos parametros biomecanicos, tales como el GRF, el VI, y el COP en
estatica, mediante la utilizacion simultanea de plataformas de fuerza y presion.
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tripedal gait in krms of énéngy and balance. This i especially tree whén the missing limb is a
fomalirmb. The aim of our study is to ohjectively deepen the knowledge about biomechanical (postural
and dynamic) modifications in forelimb amputes dogs by uaing fore and presssune platforms. Based
o cur results, the amputes dogs in our shudy had increased vertical, braking and propulsion foroes
and their mepective impulses on their emaining limb also inceeased, except for the propulsion
impulse during walking. The amputes dogs also had increased peak pressure, mean pressure and
a.réa{lﬂ:liPauﬁurpuiﬁngl};ﬂlémdﬂ#-wéiabhiﬂpﬂﬁmHmwlﬁbﬂm“}m
compared with the control, four-legped dogs of the same breed at stance. Although amputee dogs
were able to presenve balance during stance and gaif, thens was a higher foroe (and pressum) demand
on the eemaining forelimb. This situation may potentially predispose these animals to injury cansed
by an overload of the anatomical structures invobved in weight bearing,

Abstract The amputation of a limb in quadrupeds can overload the semaining limbs, especially
the contralateral ome. The compensatory effort is especially high if it is a forelimb. It is, therefome,
important to objectively know the changes in weight redstribution that occur in the animal while
walking and standing still. With this objective, static (postural) and dynamic kinetic examinations
were carried cut en five French bulldogs with an amputated forelimb and five intact French bulldogs
For this examination, foree and pressure platforms were used The mesults were statistically compared
using the shudent -test. The parameters derived from the ground reaction forces wene significanthy
higher in the amputee growp. Surprigingly, postural examination showed that amputated dogs
meached the same stability as healthy ones. Tripedal support in dogs does not objectively imphy a loss
of balance in quantitative terms; although the increase in force used by the remaining limb, 28 well as
its altered cranial disposition during the support phase, may potentially predispose the animal to
additiomal injuries in the fubome due o an overnose of different musoloske letal units.

Keywords: limb amputation; foroe; pressuns; deg

L Introduction

Lirnb amputation due to an injury or as a consequence of a salvape surgical procedume
compromises a quadruped’s locomotor performance and affects the functioning of the
whiole musculoskeletal system. Themefore, amputes dogs develop compensatory mecha-
nisms in order to walk without losing balance [1-3]. Nevertheless, and in general erms,
when a dog's fore or hindlimb has been amputated, an excellent functional recovery has
been reported [£4-6], although the posture and mobility of amputee dogs are modified in
most instances [7, 8]
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Nevertheless, there is little scentific literature objectively reporting on the changes in
a dog's gait and kinetic variations due to the redistribution of foree [9). Specifically, kinetic
variations in forelimb amputee dogs often provide a classic peak vertical force (FYF) and
vertical impulse (V1) [10,11]; however, no references regarding postural exams in
dogs could be found by this research team. In order to fully understand the musculoskeletal
adaptation of the tripedal gait, it is necessary to complement the abovementioned FVF and
Viwith new, additional parameters. It is also crucial that we understand how these func-
tiomal adaptations alter the normal dynamics of museuloskeletal units (tendons, muscles,
ligaments, joints. .. ) to beter understand possible clinical consequences.

For instance, the remaining forelimb carries more weight after a forelimb amputation
than a remaining hindlimb would afer a hindlimb amputation [10], which means that fore-
limb ampuliees are more prone to suffer injuries resulting from weight overload; specifically,
after the amputation of a forelimb, at the level of the contralateral limb's triceps brachii
and deltoid muscles, the load bearing increases, leading to fatigue and potential overuse
injuries. In addition, the latissimus dorsi and erector spinse muscles of the trunk and
spine have towork harder to stabilize and move the body, often esulting in back pain and
muscle fatigue. But muscular and articular consequences are also suffered by the biceps
femoris, quadriceps femoris and gluteus medios muscles of the hindlimb because of their
inereased strain to aid in locomotion and balanes [Z,12-15]. For this reason, it is necessary to
understand the specific biomechanical adaptations in forelimb amputated dogs [4.6,12]. It
was hypothesized that the amputation would change not only the magnitude of the vertical
GHFs, but also the horizontal plane and their corresponding impulses. If this scenario wene
true, it would also increase the load on the remaining limbs, especially the contralateral
limbs, and move the dog's center of gravity away from the site of amputation [10].

Using the basic principles of physics, the center of pressure (COF) is assumed to be
the vertical projection of the center of gravity over the plane of support [16]. Modifications
of the COP are eurrently measured with pressure platforms; these devices utilize multple
sensors o study the COP sway in sound and lame dogs, both at walk and at standing [17,18].
In this sense, our hypothesis is that forelimb amputes dogs alter a number of parameters at
walk and even when standing still, and these changes could be objectively assessed.

The aim of this paper is to objectively detect and measure the dynamic (gait) and static
(postural) changes in single forelimb amputes French bulldogs when comipared with sound
dogs of the same breed and conformation. With this aim, different parameters (vertical and
horizontal forces and impulses, COF pathway, statokinesiogram, ete.) will be obtained by
using force and pressumre platforms

L Materials and Methods
1. Animals

A total of 10 adult, client-owned French bulldogs were enrolled in this retrospective,
controlled study. A total of 5 dogs had a single forelimb amputation, and the other 5 dogs
were sound and served as the control group. Both groups had 2 male and 3 female dogs.

211 Amputes Group

The 5 dogs comprising the amputes group had their forelimbs amnputated for the
follow ing easons: sarcoma (1 = 3) and trauma (n = 2). These dogs were clinical cases
from the Hospital Clinico Veterinario of the University of Las Palmas de Gran Canaria
from February 2021 to June 2023 and were retrospectively included in this study. All
animals received standard forelimb amputation including scapulectomy. Dogs unable to
walk comfortably or that had any orthopedic and/ or neurological abnormal findings in
any of the remaining limbs on previous clinical examination performed 1 week before the
force and pressure platform analyses weme excluded from the study. These analyses wene
performed a mindmum of 4 and a madmum of 7 months post amputation. Age and weight
ranged from 5 to B years and 9.5 to 14 kg, mspectively.
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21.2 Control Group

All5 dogs comprising the control group were healthy, sound animals which came
to our hospital for their annual routine examination and vaccination. These animals did
not have current or previous history of orthopedic and / or neurological disease. Age and
weight ranged from & to 9 years and 10 to 12.5 kg, respectively.

All dogs belonging o both groups received a score of 5-6 on the Body Condi-
tion Scome (BCS) scale from the Association for Pet Obesity Prevention (https:// www
petobesityprevention.org,/ accessed on 10 May 2024).

2.2 Force and Pressure Platform Analysis

The design of the study for the acquisition of force- and pressure-related parameters
has been developed in agmrement with previous studies [19,20].

2.2.1. Foree Platform Analysis

The force platform (Pasco, Roseville, CA, USA) consisted of a dynamometric, 4-snsor
force platform of 35 x 35 cm and a sample frequency of 250 He. The deviee was placed in a
10'm long corridor. The platform was inserted into a purpose-built hole in such a way that
the deviee's surface was level with the ground and was covered with a rubber mat  Specific
software (DataSudio® version 1.9.8r10, Paseo, Roseville, CA, USA) was used to obtain peak
vertical (Fvmax), cranial or braking (Ferma) and caudal or propulsive (Feamnax) forces (M)
from three valid trials (Figume 1). Walk velocity was measured with a motion sensor (Paseo,
Roseville, CA, USA) positioned 1 m from the platform. A trial was considered valid when
the dog’s walking speed was within the range of 0.5-0.7 = (0.2 m/ 5, no movement of the
limbs, head and/ or neck was observed and the handler did not have any physical contact
with and/ or did not restrain the animal during the recording (Video 51). Mean values weme
normalized to body weight (S.BW). Vertical impulses (M*s) for the vertical, cranial and
caudal directions were also obtained (Vi, Vicr and Vica, espectively) (Figure 1).
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Figure 1. Fore platform secording of an ampubes dog. Horzontal forees and impules are represended.
222 Pressure Platform Analysis
A pressure platform (EP5/R1, Lotan Engineering, Bologna, Italy) with Biomech

software version 1.6.1.146587 (Loran Engineeting, Bologna, Italy) was used, consisting
of 2096 pressune sensors (density 1 sensor/om®) evenly spread over a quadrangular frame.

The acquisition frequency was 100 Hz, and the range of pressure measured was 30-300 Kpa.
The platform was placed in another purpose-built cavity level with the floor and adjacent
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to the foree platform in order to ensure that the recordings from the animals were obtained
in the same trial. To perform the postural exam {posturcgraphy ), the dogs were placed
with both forelimbs on the platform. The dog remained standing still for at least 10 s
(Figume ). Toensure that the dog stayed in place, the owner was directly placed in front of
the dog to ensure that the head and neck weme facing forward without tuming to the side.
A total of three trials wene carried out for each animal. The obtained posturographic data
included statokine siogram (Stat, mm?), peak and mean pressure (FF, ME Epa) and paw
area (PA, cm?). To study the COF pathway characteristics, dogs were leash led and walked
in the sarne way as they were during the foree platform analysis.

Figure 2 Postural exam of an amputee dog. Note that the leash anound the neck is loose.

As gemertal criteria during the force and platform analyses and in order to obtain the
most repesentative data possible for the statistical analysis, the mean value of the three
trials was considered as long as the trials differed by <10%%. ¥When the difference was > 100,
new trials were cartied out to obtain three valid results

2.3, Statistical Analysis

The Shapiro-Wilk test was used to assess the normality of the variables. In all cases, the
Shapiro-Wilk test p-value was greater than 0,05, indicating that normality can be assumed
for all variables. Therefore, the variables were summarized using the mean and standard
deviation. The mean value of each variable was compared betwesen sound and amputee
dogs using Student’s f-test. The Holm comection was applied to adjust for multiple testing,
Diferences with a p-value less than (.05 weme considered statistically significant. The R
Softwame and environment version £4.1 [21] was used to perform the statistical analysis.

3. Results

The mean (£500) time from amputation to the beginning of the force and pressune
platform analyses for the amputee group was 4.8 + 1.3 months. The mean (£50)) ages of
the amputee and control groups were 7 £ 1.6 and 7.4 + 11 years, mspectively. Mo statistical
differences were found between the bwro groups (p = 0L66). The mean (£50) weights of the
amputes and controd groups weme 11.2 + 1.8 and 11.9 = 114 kg, mspectively. No statistical
differences weme found bebw een the two groups (p= 0.49).

The following table shows the mean + 5D and p-values of both groups (Table 1).

Regarding forcee values, Fyvmax, Viv, Formax and Ve were significantly higher in the
amputes group, while Feamax and ¥Wica did not significantly differ.

For the pressume data, the area of the statoldinesiograny showed no differences betwean
the amputes and sound dogs, although the orientation of the ellipse changed from horizon-
tal to sagittal (Figures 3 and 4; Videos 52 and 53); other static data, such as PE, MP and PA,
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Table 1. Mean + 5D and pvalues of both groupa. Asterisk (*) means significant difference.

Force Values

Sound Amputee P-VYalue

Fvmax G935 + 363 18277 + 1059 (L0018 =

Viv 1586 + 1.81 28.06 + (.58 L

Formax 60 + 1648 2531 £ 075 (000 =

Vier 074 +031 240 £ 015 L
Freamax 521 + 087 1211+ 27 (LO7dD
Vica 100 + 020 116 + 016 L5672
Stat (.23 + 0,03 023 + S (L9267
FP 158 + 507 24 + 1014 (L0180 =
MFP 78+071 8250 + 326 (LO7dD
PA 1450 + 234 20000 + 100 L0632

Units Fymnax, Fomman, Framac W (3EW); Vv, Vicr, Vier Nos (GHW); Stat man®; PF, MP KPa; PA- am®.

Samcrwieadol cacron.

™
Lirmmd

Figure 3. Statokinesiogram of a sound dog. Noke the laterolateral orentation of the ellipse.

Figure 4 Statokinesiogram of an amputes dog. Note the craniocaudal ofentation of the ellipse.
Additionally, beyond the numeTtical data, the study of the COFP pathway in the animals

atwalk revealed that sound dogs begin contact with the ground approximately at the center
of the paw and this pathway runs cranially during the support phase of the gait. However,
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the amputes dog's COF came into contact with the ground more caudally, at the lovel of
the metacarpal cushion (Figures 5 and 6; Videos 54 and 55).

Figum 5. Paw pressure mecorded during the support phase of a sound dog. The consecutive pink
dots mepresent the COF pathoway. The top of the image is cranial, botbom s caudal, right is medial
and left is lateral Node that the pathw ay starts at the center of the paw and runs cranially.

Figum & Paw pressure reconded during support phase of an amputee dog. The consecutive pink
dots epresent the COF pathway. The top of the image is crandal, botbom & cvudal, right is medial and
left is lateral Mote that the pathway starts mone caudally at the kevel of the metacarpal pad and runs
uminﬂ]r;ﬂiilmﬂutwhnﬂﬂ limb makes contact with the ﬁlﬂm'u‘l. it s plan%dnm mll}l'
than sound forelimbs.

4. Discussion

The present study companed the results obtained for a list of kinetic paramaters using
force and pressure platforms betwesn a group of five French bulldogs with a forelimb
amputated and a group of five sound dogs of the same breed.

Prior to the biomechanical assessment, the study needed to ensume that the amputated
dogs were fully adapted to the tripedal gait. Previous shudies reported that most dogs ame
adapted within a month [3], especially if the amputation concerns the forelimbs [4,5,11].
The recovery time for normal locomotive activity may difier doe to different intrinsic
factors, such as age, body weight and breed [22-26]. In our case, all the dogs wem totally
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aceustomed to the tripedal gait, given that amputation had been performed at least 4 months
prior in all cases.

Dog speed and weight may alter kinetic parameters [27]; for this reason, special
efforts have to be made in order to obtain reliable data to be able to make comparisons
between homopeneous groups. Regarding speed, it was maintained in a narmmow range to be
considered “valid” as described in the methods section; on the other hand, and given that
the ampues dogs werte already undergoing a weight control program to avoid overloading
the remaining limb, the same criteria were applied to control dogs in order to maintain
them within the “ideal” weight for the breed.

The presence of a residual stump in non-complete limb amputations, such as proxdmal
humeral osteotomies, can hinder the comparison with full-leg amputees, since in this
situation the animal has the option of using it to partially maintain correct balance; this
was not the case in our study because all our animals underwent full-leg amputation.

As shown in the results, almost all of the foree parameters (Fymax, Formax) and their
respective impulses (VIv, Vicr) showed higher values, which clearly proves that theme was
a net redistribution of weight to the emaining forelimb. This cecurs not only in terms of
foree, but also in terms of the duration of the braking phase, w hich means that amputee
dogs spend more tme in this phase than sound dogs, as found in previous studies [10]. On
the contrary, the Feamax and Vica values remained the same, meaning that the propulsion
foree and duration did not change in the amputee group. We believe that this ccours
because while the force during the braking phase has to be "assumed” by the remaining
fomelimb, the contribution of the hindlimbs during the propulsion phase is very important,
as noted by other authors; this inverse relationship beteeen foree and phase duration has
been previously published [11,28-30].

Regarding postural analysis, it has been suggested that dogs with an amputated
forelimb tend to have more difficulty maintaining their balance [21,32]; however, our
postural results obtained from the statokinesiograms showed that forelimb amputees
maintain the same level of balance. In other words, tripedal support is as effective as
quadrupedal support in erms of balane.

Previous stance studies showed that the ellipse mmains with a transversal orientation
in both sound and lame dogs due to dogs having a greater stability in the sagittal plane
because the longitudinal axis is longer than the horizontal axis. In our study, the fact that
the ellipse orientation changed to a sagittal plane was surprising because it meant that the
COP pathway axis changed from transversal to primarily parallel to the dog's longitudinal
axis, although the dog's balance did not change.

As pecurred with changes in foree, the amputes dogs also applied more pressure when
their lirnbs came into contact with the ground, which proves that the weight redistribution
at walk changes companed to dogs with a sound forelimb in cases of painful lameness [20]
Of, a5 in our case, when a forelimb has been amputated. Paw expansion is a consequence of
the pressure exerted by the limb on the ground given the elastic nature of the digital and
metacarpal cushions. Cur mesults showed a clear increase in paw surface in amputes dogs,
although this expansion does not seem to be proportional to the increase in pressume [33].

Finally, the limb COF pathw ay moved mom caudally in the amputes group, which
proves that the remaining forelimb is located more cranially than that in sound dogs at the
beginning of the support We believe that the increased force and pressure values, as well
as alterations in imb placement during the support phase, leads to theme being a greater
amount stress on the remaining forelimb, especially on the structumes that contribute to the
body s support.

All of the increases in the force and pressure values shown heme make the animals
more predisposed to overuse injuries, as said in the ntroduction. In our opinion, preven-
tive measures should be taken; among them, rehabilitation and physiotherapy such as
hydrotherapy, fexibility training and weight control as well as environmental adaptations
such as the avoidance of slippery surfaces and the use of ramps instead of stairs genetally
facilitate safe ambulation [13-15].
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The results shown here contribute to the knowledge of dynamic and postural adapta-
tions in dogs who have experienced a forelimb amputation. Howewver, this study has some
limitations: first, the study used a relatively low number of animals; although the fact that
all of the animals used in this study ame the same breed, and with the same BCS (thus, of
the same morphotype), allowed for mome homogensous and reliable data and increases
the strength of the conclusions, as eported in previous studies based on force platform
analysis [34]. Second, weight redistribution to the hindlimbs in forelimb amputee dogs has
been eported, but this fact was not considered in cur study. This could be investigated in
futume research

5. Conclusions

Tripedal support in dogs does not objectively imply a loss of balance in quantitative
termns. How ever, theme is an increase in the amount of foree used by the remaining limbs and
an altered disposition of the limbs during the support phase. These facts may potentially
predispose an animal to additional injuries in the frture due to the overuse of different
musculoskeletal units.
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4.2.2. Analisis cinematicos:

4.2.2.1. Electrogoniometria:

Registra la actividad bioeléctrica de los musculos durante la fase de locomocién,

permitiendo la evaluacién de la funcién muscular y la deteccidon de posibles

desequilibrios musculares asociados con la cojera (Lépez 2019; Cheng y cols.,
2018; Beauchet y cols., 2007).

Figura 16. Colocacion de un electrogonidometro sobre la articulaciéon del codo. Fuente: Hospital Clinico
Veterinario de la ULPGC

4.2.2.2. Cinematografia de alta velocidad:

Se emplea la grabacion de la marcha del perro con camaras de alta velocidad
para capturar el movimiento de las articulaciones y las extremidades en detalle,
permitiendo un analisis biomecanico preciso de los patrones de movimiento
(Manera 2017, Keegan y clos 2000; Keega2002; Kramer y cols 2004, Vilar y cols
2010).
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4.2.2.3. Sensores Inerciales o unidades de medicion inercial
(IMU):

Son equipos electronicos disefiados para medir la aceleracion lineal y angular de
un objeto en el que estan integrados. Estos sensores utilizan principios de la
fisica inercial para detectar cambios en la velocidad y orientacion de un objeto
en relacién con un sistema de referencia (Martinez-Mendez y Huertas, 2013).

Los sensores inerciales tipicamente incluyen acelerémetros y giroscopios. Los
acelerometros cuantifican la aceleracion lineal, capturando los cambios en la
velocidad de movimiento a lo largo de un eje determinado. Por otro lado, los
giroscopios miden la velocidad angular o tasa de rotacién en torno a un eje

especifico (Figueirinhas y cols., 2022).

ON/OFF micro USB PORT

BLADE #21 IMU DONGLE

Figura 17. La apariencia externa de una IMU y la llave de conexion inalambrica. Fuente: (Figueirinhas y
cols., 2022)

Los sistemas de Unidad de Medicion Inercial (IMU, por sus siglas en inglés) o
sensores inerciales, han sido desarrollados comercialmente para la evaluacién
objetiva de la cojera en caballos. Estos dispositivos permiten la cuantificacion
precisa del movimiento y de las alteraciones en la locomocién equina,
proporcionando datos objetivos que complementan la evaluacion clinica

tradicional (Hagen y cols., 2021). Estos sistemas IMU se basan en tecnologia de
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sensores y comprenden giroscopios, acelerometros y magnetometros (Keegan
y cols., 2011; Starke y cols., 2012; Lopes 2021).

El IMU comercialmente disponible para caballos se ha utilizado
experimentalmente en perros (Rhodin y cols., 2017). Otros sistemas IMU
también se han utilizado para detectar cojeras en ovejas mediante la medicion

de la actividad general de estos animales (Kaler y cols., 2020).

Tedricamente, las redes neuronales artificiales intentan emular el
comportamiento neuronal humano. La "estructura" interna tiene algunas
similitudes (Meena y cols., 2022): las dendritas en las neuronas humanas reciben
sefales de otras neuronas. Estas sefales se procesan en el cuerpo celular, y
una sefal se propaga finalmente mediante conexiones axonales a dendritas de

otras neuronas. (Figura 8)

dends__ﬁ

cell body

| SOLOT)
terminals

bias

Figura 18. Estructura de una neurona (arriba) y de una neurona artificial (abajo) Fuente: (Figueirinhas y
cols., 2022)
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De manera similar, en una neurona artificial, los datos se reciben como entrada;
luego, se aplican algoritmos matematicos en el "cuerpo" de la neurona artificial,

produciendo una salida.

Estos algoritmos se basan en la regresion lineal (Mata y cols., 2022). Por otro
lado, el sesgo (bias) es una constante afadida que tiene como objetivo ajustar
la salida neuronal. Esta adicién intenta mejorar el resultado para imitar una

situacion real (Tang y cols., 2019).

En lugar de emplear una unica neurona, multiples neuronas artificiales se
organizan en una red neuronal artificial (ANN, por sus siglas en inglés),
estructurada en capas (Maler, 2020). Por ejemplo, la capa de entrada recibe los
datos iniciales y define los parametros para su analisis, la capa oculta se encarga
del procesamiento de dichos datos, y la capa de salida entrega los resultados,

clasificados en categorias especificas. (Figura 19).

NEURAL NETWORK
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Figura 19. Estructura de una red neuronal artificial.

El empleo de la inteligencia artificial en el ambito médico ha permitido el
desarrollo de diferentes sistemas de apoyo médico para diagnosticos tempranos
de tumores cutaneos y enfermedades cardiovasculares (Combalia y cols., 2019;
Romiti y cols., 2020; Liu y cols., 2021).
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En el campo de la veterinaria, y en el ambito de las cojeras, existe un hardware
comercial que utiliza esta tecnologia para la evaluacion de cojeras en caballos;
sin embargo, esto no existe en en perros. Por ello, se considera relevante llevar
a cabo un estudio piloto enfocado en el desarrollo de una red neuronal artificial

destinada a la deteccidn de cojeras en perros.

Este enfoque busca desarrollar el potencial de las técnicas de inteligencia
artificial para identificar patrones especificos de movimiento asociados con la

cojera, optimizando asi la precision y objetividad en el diagnéstico clinico.

Figura 20. El giroscopio IMU proporciona datos de inclinacion en los ejes X, Yy Z.
Fuente: (Figueirinhas 2022)
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Simple Summary: Mamy of the rules considered valid in the ambit of lameness defedtion in domestic
animals are mainky subjective or acquired after extended clinical ex perience. Thus, it i necessary
to develop tools and for technologies to provide objective data to discem bebween sound and lame
animals. The main objective of this study is to develop an artificial neural network by analyzing
data obtained from an inertial sensor in onder to discriminate between sound and lame doga. Afer
di.F&u!Mj}rﬂmadiu.ﬂnﬂmﬂi neural network has been able o u]rrecll:,r chi!rmhmwlmﬂﬂrdug&
were lame in about 6% of cases. Furthermone, a web app was developed to manage and follow the
different cases. An artificial neural network was designed and developed to analyze spatial data
From inertial sengors and to debect motion alkerations in dogs with unilateral lameness. Displayed
within a user-friendly, intuitive web app, the system could be a nseful tool for lameness detection for
veterinary clinicians.

Abstrack Subjective lameness assessment has been a controversial subject given the lack of agreement
between observers; this has prompted the development of kinetic and kinematic devices in onder to
obtain an objective evaluation of locomotor system in dogs. A fier proper trining, neural networks are
potentially capable of making a non-human diagnosis of canine lameness. The purpose of this study
was to investigate whether artificial neural networks could be used to defermine canine hindlimb
lameness by computational means only. The owtcome of this study could polentially assess the
efficacy of certain teeatments against diseases that cause lameness. With this aim, input data were
obtained from an inertial sensor positioned on the rump. Data from dogs with unilateral hindlimb
lameness and sound dogs wee used to cbiain differences bet both groups at walk. The artificial
neural network, after necessary adjustments, was inkegrated into a web management tool, and the
preliminary results discriminating between lame and sound dogs are promising. The analysis of
spatial data with artificial neural networks was summarized and developed into a web app that
has proven to be a nseful tool to discriminate between sound and lame dogs. Additionally, this
environment allows veterinary chnicians to adequately follow the teeatment of lame canine patients
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L Introduction
Visual evaluation of lameness varies greatly among observers, which fails to agnee
with objective measurements of limb function, such as kinetics and kinematics. However,

Animals M 17, 1755 hitps/ /dodoeg /103920, fani1 2141755

I1.It|)|:.l' #rwmnﬂpmfwm

52



Amimals HIF2 12 1788

2of14

there is an increasing interest in better understanding canine lameness by using mone
precise and objective methods of assessment [1,2].

A mecent kinematic study in dogs with eperimentally induced lameness performed
with a motion capture system demonstrated that symme oy ts of wertical head
and pebvic movement, which ame clinical variables commonly used in the visual assessmnent
of lameness, were enough to identify the lame limb [2].

Inertial measurement unit, or inertial sensor, (IMU) systems have been developed
commercially to evaluate objective lameness in horses [2]; IMU systems are based on
sensor echnology and comprise gyroscopes, accelerometers, and magnetometers [5-7].
The commercially available IMU for horses has been experimentally used in dogs [5]. Other
IMU systems have also been used to detect lameness in sheep by measuring the general
activity of these animals [9].

The use of artificial intelligence in the medical field has enabled the development of
different sysiems of medical support for early diagnoses of skin tumors and cardiovaseular
diseases [10-12]. However, there is no commercially available software for lamensss
detection in dogs in the same manner as in horses.

Theoretically, artificial neuronal networks try to emulate human neuronal behavior
The inernal “struckure” has some similarities [13): the dendrites in human neurons receive
signals from other neurons. These signals are processed in the @l body, and a signal is
finally propagated by means of axonal connections to dendrites of other neurons (Figure 1)

ne
et ———

el
Figure L Structur: of a newron (bop) and an artificial neunon (bothom ).

Likewise, in an artificial neuron, data are received as input; then, mathematic algo-
rithms are applied in the artificial neuron “body”, producing an cutput. These algorithms
are based on linear regression [14]. Conversely, the bigs is an added constant that aims to
adjust the neural output. This addition tries to improve the result in order to mimic a real
situation [15]

Instead of utilizing a single neuron, multiple artificial neurons are grouped together
in an artificial neural network (ANM), which is organized in layers [16]; for example, the
input layer reeives input data and provides the parameters for analysis, the hiddem Inyer
processes input data, and the oufpuf Layer provides the output results classified in categories
(Figure 2)
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In order to comrectly predict different categories with accuracy, it is necessary to “train™
the network. For this purpose, it is vital fo have a large amount of waried training data [17].
In this way, the network will progressively “leamn” from these input data. With the loss
functiom, network output data are compared with expected output.

Currently, to the authors' best knowledge, ANN technology has not been developed
for lameness detection in dogs.

Based on these premises, the main purpose of this study is to develop an ANN, which
with spatial data obtained from IMUs, can discern whether a dog has unilateral hindlimb
lameness. Second, this study seeks to develop a web portal with the capacity to manage
dog lameness data with the aim to follow up with the dog over Eme.

The study presented heme has been designed as a “proof of concept”, whoss initial
development has required multiple adjustments in many parameters until satisfactory
performance is obtained; for this reason, the sections of materials, methods and results
are metged.

L Materials, Methods and Results
2.1. lnstrumemnibation

For data recording, MMMWAHMWEEEESMFMMMXIHE‘,
Enschede, The MNetherlands) was used (Figume 2).

e

A= micrn LSEPORT

TLATID 221 a7 (O e
Es;lnra. mer&malap]:lem of an MU uﬂﬁwhﬂﬁamdimdmgh;

All data wem collected by a dedicated software (MT Manager®, Xsens®, Enschede,
The Metherlands). Data were exported with the extension. fxi.

The IMLU was positioned above the midline of the spinous processes of the sacral
vertebra 2 with adhesive tape. Sensor data were digitally sampled (8 bit) at 100 Hz in neal
timse. The deviee has dimensions of 47 x 3 x 1.3 conand a mass of 16 ¢

To observe data patterns obtained with the sensor in order to discriminate which
relevant elements distinguish sound and unilaterally hindlimb lame dogs, the movement
amplitude of the rurmp from both sides was measumed (Figure 4).
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Figure 4 The IMU lecation. The bilateral inclination is messured with the dog at walk

The gyroscope provides orentation data in a longitudinal diection of pifch, yew, and
roll. From these, the roll provides angular data of the lateral inclination (Figure 5).

Figure 5. The IMU gyroscope provides inclination data on the X, Y, and Z axes.

22 Dogs

Fifteen working dogs weighing more than 15 kg were mcruited for this study. Dogs
weighing less than 15 kg were excluded from the study, since these animals feel the presemce
of the sensors mome when moving, creating a “perturbed” locomotion. From the 15 working
dogs, 12 dogs were used for training the ANN—T7 of them were sound and 5 weme lame;
3 additional dogs weme used for the verification phase. Lame dog ownets were clients of the
Veterinary Teaching Hospital of the Universidad de Las Palmas de Gran Canaria (Spain).

2.3. Procedure

The dogs were walked straight on a leash for enough time to reach a uniform gait,
next to the handler, without pulling on the leash and with the head straight; to put the
dogs at the "same dynamic status™; velocity was progressively augmented to reach a
maxinmum where the dogs were still at walk. During a walk, the alternate movements of
both hindlimbs create a successive inclination on the sensor toward both sides, generating
the inclination data (rall). Below, the inclination data for multiple consecutive steps is
visualized graphically (Figure &).
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As shown in Figure 6, the ascending and descenuding patterns show a certain consis-
ency, given that the maximum and minimum inclination values are similar. However,
certain isolated values appear to be out of this pattern; these anomalies can be attributed to
head movements due to distractions, head shakings, etc. Data shown as boxplot graphics
have a range of about 20 degmees of inclination. However, a substantial number of outliers
can be observed; this fact could generate a bias when the system atternpts o generalize
input data. For this reason, we pre-processed the st data to eliminate “noise” or outlying
values Reparding the outlier criteria, the process carried out the use of the median of the
sequence, and a cutoff was made on the percentiles, taking into account that the sampling
to be used had values between 107 and 90% of the sampling. (Figure 7a,b)

_ o
o1 : |

Figure 7. {a) Benplot graphic before data deaning. (b) Bocplot graphic affer data deaning, eliminating
cathier values.

With this procedure, ex traneous data not attributable to necessary motion were dis-
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Figure 8. Graphic of the same sound dog after data cleaning; data symmetry has been increased
companed with the data from Figure 6.
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2.3.1. Meural Metw ork

Deesign

Data obtained with the IMU weme a emporal series, in which ertain data depended
on previous data; for this reason, a recurrent neural network (ENN) was used because
this type of AINN is able to "Emember” previous events [15,19]. Specifically, an ENN
variant known as Long Short-Term Memory (LSTM) was chosen because it offered better
performance over other EMNMN wariants [20].

The LSTM parameters initially setwen the following:

+  Number of inputs: 1. The sequence of consecutive data was set to 250 as a single input.

L5TM layers: 2

*  Dropout: 50%. This technique randomly “ freezes” a determined number of neurons (in
our case ) so that these neurons are ignomed during the updating parameters phase.

This produces neurons that are still working and are mome relevant, highlighting slight

changes in the training data and improving the nebwork's ability to genetalize data. As

mentioned befome, this technique was used exclusively during the training phase [20].
* DNumber of outputs: 2. Since the network output may be any numerical value, it has

been normalized using a sigmoid function, giving a 0 value for sound dogs and a

1 walue for lame dogs. For the final diagnosis of sound or lame, the LSTM network is

complemented with a traditional ANN, known as the Fully Connected Layer (FCL)L
*  Number of neurons ineach celk 256. As is usual in many artificial meural networks,

this parameter was obtained empirically. We chose a starting power value of 2, and
through an intensive battery of ests, we chose the value that offered the best results
while maintaining a reasonable computational cost.

In relation to the neural network, there is a single input at each iEeration along the
L5TM network, the value of which represents the degree of namp slope at each point in Gme.
Thus, the inputs correspond o the degrees of the hindlimbs at each moment (237, 357, ate.)
while the outputs by the network are numerical values that in our case we normalized to
values between 0 and 1, thus obtaining as output a value that represents the probability
that the dog has a larmeness or not.

Concerning the mumber of layers of the LSTM network, two weme used. Using a lower
value (1) could cause the network not to sufficently leam from the training data due to
the low complexity of the network, and this would cause it to not be able to generalize the
fraining data cormectly. Conversely, this value was not increased for two reasons: to avoid
excessive computational cost in the training phase due to the number of neurons and (o
avoid overtraining, which could cause the network to memorize the training data, thus
impairing the generalization of the system.

Most of the training data had more than 400 data obtained from the sensors, each
daturn refers to the degree of inclination of the sensor at each moment of the sequence,
but it was decided to limit this sequence to 250 data in order to eliminate the data from
the beginning of the acquisition, since these could have certain " anomalies™ due to abrupt
movements of the dog at the beginning. If any sequence had less than 250, then it was filled
with null values (0) until the 250 were reached. We used supervised leatning where we
used exactly 250 data obtained from the sensors to rain the network. If more data wene
available, they weme used to gererate more raining data.

The implementation of the neural network using the library Pyfordh in Python is shomed
(Figumre 51).

Training

Prior to the training phase, cost and optimzation functions had been used. The cost
fundion evaluates the performance of the model. It takes both predicted outputs by the
mixdel and actual outputs and calculates the extent of error in the model's prediction
Essentially, it is a measure of the netw ork's success with the training set, where a value
meear [ means that the network makes accurate predictions during training. For this
purpose, the mean squamed error formula was used, which is the squared sum of the
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difference between the real result and the prediction generated by the neural network, ie.
MSE = 102 (i — )

Omee the etror has been obtained, the mweights of the neural netw ork should be ad-
justed; the weights determine the relevance of each network input in order to obtain beter
predictions. For this purpose, it is necessary to select a function that updates the weights.
This is called an optimrization function. The gradimt descent algorithrn is mostly used for
these purposes [21]. In our study, we specifically used the Adam algoritfim, which is one of
the most widely used optimization algorithms due to advantages such as high efficiency
and low mesource consumption [22

After this, the real and generated output were compared, and a value was given for
the difference. This difference value is called loss and sarves to adjust the weghts The
frequency by which the weights are updated is determined by the learning rafe, which is a
Iyperpanameter. This rate was determined empirically, becanse setting a low learning rate
makes the network learn slowly. However, a high learning rate makes the weights and
error function diverge; thus, there is no learmning at all In our study, we used a standard
walue (0.1).

An additional hyperparameter to be settled for the neural network was the number of
epochs, or the mumber of times the netw ork receives input data in order to progressively
generalize and learn from them. [k was necessary o be careful setting this hy perparameter
because a wrong value could lead to bad training of the neural network. In summary,
weiglt, epochs, and dropouf wemne modified in an attempt to optimize the training (Figure 52).

Thus, the first step is to set the network in training mode and allow its e gits to be
updated. After this, the training data are obtained in batches; these fraining data wene
used as input in the network to cbserve the genetated predictions and then to check those
predictions against the actual result

During this phase, many mathematical operations are used in the network to generate
output. Onee this phase is finished, the weghts of the network are updated using the
opfintizer. The aim is to adjust the weights to align with the input data; thus, the network
can make better predictions in the following epochs.

Verification with Blind Data and Improvements

In this phase, itwas necessary tovalidate the results with a validation data set different
from the training data set, in order to assess the network's ability to generalize its behavior
in the presence of unknown data; in our case, the validation set represented 0% of the
available data set (3 dogs). When the systemn was evaluated with this set, the loss was
much higher than the raining phase ((L368); unfortunately, the accuracy was relatively low
(0.6 or 607%) (Figure 53).

For this reason, certain improvements were necessary. For instance, the echnique of
the dipping gradiem! was used to avoid erroneous updates of the weights [23] Furthermone,
mome dropout was applied (60%), and the bafch size was readjusted to thee trials. With
these improvements, the accuracy of the neural network improved to 85.7%. (Figume 54).

213.2 Web Application

The diagnostic tool implemented by the ANN was integrated into a web management
tood to manage and record all the information from the dogs in this study. This system
allows veterinary professionals to collect relevant information about the dogs, including
the videos of these animals with different recordings with IMLs to capture inclination data.

This web application used many programming languages and libraries in its devel-
opment. Begarding the development of the server, the language “Python”, along with a
library calbed “Flask”, was used. “Angular”, an open code component-based framework,
wias used for the user interface.

Elemenits and User Roles
Two key elements were defined for the web application development:
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—  The zessions, which follow the dog's lameness

—  The frials, three from each dog, with the IMU fixed to each dog's lower spine. Sensory
data were synchronized with video recordings for a simultaneous visualization of the
graphics and the dynamic of each dog.

Two user roles were established in the application: the adwinistrator, who has full
access o web functionalities and has exclusive authority to register other users in the
systern, and the veferinarian, who inputs and manages data (canine registrations in the
systemn, data updating, view the sessions of the dogs) and can create and edit new sessions,
visualize the trials to observe the angular characteristics of the analyzed dogs, and observe
conclusions by the neural network.

Architecture

The web application follows a general client-server architecture, allowing the server
to manipulate data in the application and offering a wide selection of "servies™ the dient
can use to obtain, modify, delete and create data in the application. The protocol "HTTP”
was used for this communication (Figure 9.

client SerVEr database

’ HTTP | Tees , S0OL ’
\ /
; f \
\ - ~ '

Figure 9. The communication scheme among the different app components.

Database Design

For the preservation of data, the database type SQLITE3 was used. Our database
has different entities. First, there is the dog enfify that represents the dogs created in the
portal. It contains descriptive data about the dog, such as its name, date of birth, breed,
weight or height, as this data may be relevant when diagnosing lameness. Second, dogs
have multiple sessions associated with them, which shows the working sessions between a
veterinarian and a dog to store multiple trials of data. The trials are in charge of storing the
data obtained by the sensors, as well as their subsequent processing, to show the different
inclination characteristics, to process the data in the ANM, and o offer diagnoses about the
presence of lameness in the evaluated dogs.

Data Storage

The web portal was designed to allow for file uploads, video recordings, and sensory
data. With this purpose, a hierarchical structure was utilized to store the different types of
information (Figure 10).

drag fzlder = dng id

—
|— sagE0n ¢ Session id
|— trial + Irial id

Figure 10. The file struchare within the app.
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Each dog has its own folder. The name of the dog's folder is composed of the prefix
“dog folder” with the identifier of the dog added to ensure no two folders have the same
name. For each session created, a folder is created with a name that follows the same
structure, but in this case, the prefix is “session”. At the next level, the trials follow the
sarne strochure as above; finally, the files relating to sensors and videos also follow a similar
naming patterr
User Interface

Different modups wene developed using the tool Figma. The development of the user
interface had all the necessary elements: a good distribution of elements, a friendly color
palette, and other crocial elements for the final wser, the veterinarian

The main application view shows dogs registered in the system. The interface allows
for setting different filters restricting the displayed canines (Figume 11).

Figure 11. Access to different dogs registened in the system.

When accessing a specific dog, another view containing the essential animal registered
data is displayed (Figure 12). From here, a user can access the different sessions that have
been recorded for that dog (Figure 13). At the same time, for each session, the user has
acoess to the different recorded trials, wheme the visualization of sensor data is synchronized
with the trial video recording (Video 51) (Figure 14).

Figure 12. The essential data of a spedfic dog.
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Transas

Figure 13. The access o sessions and trials of a specific dog.

Figure 14. A screenshiot of a synchronized graphic from [IMU data and video recording,

Server

The development of an interface with representational state transter (AFI REST) for
the server allowed for the separation of server logic from the user interface, improving the
maintenance of the application. In this way, theme is a project with a series of communication
functionalities within the database {creation, update, deletion, and view ), and there is a
separate web inerface where different views can be observed.

For programming, Python language was used, given that it allows for the installation
of seweral specific libraries, such as Keras, Numpy or Pyforch. For the web application
development, the minimalist framework Flesk was used.

Client

For the web interface development, Angular was used because of its quality and well-
structured software, in addition to having many facilities for its development. Because the
web interface is a single page application (SPA) framework, keeping all content on a single
page. the page does not requite reloading the browser when accessing other routes, offering
greater fluidity to the user. Regarding the Hbraries wsed for the project, “Chartjs”, a library
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that generates multiple graphs, was used to display IMU values. For user authentication
on the web page, “Angular [WT" was used. This library makes use of a token to allow
for subsequent operations requested by users once they are initially authenticated by a
username, passw ord. The tokens are verified on each request made to the server to confirm
that request is authorized. Finally, “SwestAlert2” was used to create pop-up windows.

3. Discussion

Our study assessed the ability of an ANN to discern if a dog is sound or lame, imitating
the knowledge of an experienced veterinary clinician

Within the context of this pilot study, we chose canines supporting hindlimb lameness
because the fixation of the inertial sencor in the midline of the spinous processes of the sacral
vertebra 2 was easier than on the top of the head. A recent paper was able to obtain reliable
data from sensors affixed to the top of the heads of dogs with induced lameness [5]; this
study used a commeTcially available sensor-based system to detect lameness in horses [5],
inwhich the fication method is undoubtedly better developed than in our experirnental
study. If we were able to achieve an optimal fixation of the device, we believe that our
systemn would also be able to detect forelimb lameness, but in this case, the lameness would
be evidenced by the asymmetry of the pitch angular data.

Regardless of placement, the ANN should be able to analyze data from sound dogs and
differentiate them from dogs with altered locomotion due to lameness. These compensatory
lameness mechanisms have been described in dogs, demonstrating that compensation
occurs by changing ground meaction forces of ipsilateral and contralateral limbs in an
attemnpt to alleviate pain [24]. These changes unload the painful limb, and they can
only be achieved by dynamic postural adaptations of the head, trunk and limbs, with
subsaequent changes in their motion patterns [3]. Specifically, our sensors detected variations
(asymmetry) of the angle of the pelvis that ocour in unilateral hindlimbs lameness when
a dog is at walk. For bilateral lameness detection, we think that, analogous to inertial
sensor-hased dewices used in horses [5], at least the combined data from bwo or mone
sensors would be needad, but this sHll requires further irvestigation

This system could also be potentially used in other four egged domestic species such
as cats, since the dynamics of movement are similar. The only limitation could be that the
animal will alter the movement if the device causes any discomdfort.

Regarding the learning ability of the neural network and management of input data,
a recent study in horses [25] obtained tridimensional data from markers reconded with
cametas. The study divided the input data into one section, containing 80% of all data for
The 2% section was used only for esting to give an unbiased evaluation of the network's
performance. Our study design was consisient with the previous study’s proportions.

In order to obtain reliable data, the decision was made [25] to estimate input data
sets > 6000 to guarantee statistical validity. The enrollment requirements for valid dogs
in our study (working dog, medium to big conformation, able to walk on a leash, ete.)
made this target unattainable. To avoid the need o attain this enormous amount of data, a
recent study proposad identifying and deleting data that only marginally contribute to the
outcome [25]. Therefom, in our case, we decided to exclude outliers that added “noise™ to
the data set and made the system difficult to distinguish accurately between sound and
lame dogs. Other authors [ 7] have previously made the same corrections in similar studies
involving lamensess assessment

Conversely, some authors opine that excess data are counterproductive for system
performance. A network such as ours (RNM) suffers from Vanishing Gradient Problem [28],
where a long input data set with neurons located farther away from the output data can
hardly learn something new and is unable to “generalize” the patterns of the raining
data. For this reason, the input data to the network should be imited during the training
phase [19].
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For all the masons described abowe, the data sets were limited to a maximum of
250 input data from the sensor. This was accomplished by initially collecting about 400 data.
After deleting the outliers as described in the Materials and Methods section, thene remained
approsdmately 250 input data. If it was necessaty to reach an amount of 250 data; the empty
spaces were filled with 0 starting from the O position, as if the dog were initially still at
the start of the recording of data. In this way, these additional data did not influence the
learning process.

When evaluating the ANN final performance, some authors reported a cormect classifi-
cation lame / sound of 78.6% in horses [25]; in cur study, we mached an accuracy of B5.7%
in unilaterally hindlimb lame dogs, which is a similar

Howewver, our system showed different limitations amd palmtlal Improvements.

First, the data collection and treatment could be automatized; second, the final diag-
nostic (lame/ sound) should be given instantly; and third, the lameness could be quantified
as in other equine models [29].

To be sure, although the performance of the proposed system is high, the authors
believe that the data are somew hat limited because they were obtained from a group of
dogs with a narrow conformational range. In our opinion, the decision to utilize this system
as a standard tool is premature and susceptible to commercial exploitation

4. Conclusions

The results from this study show for the first time how an ANN, analyzing inclination
data from an IMLU affixed on the sacral vertebra 2 of a dog, is able to differentiate among
sound and unilaterally hindlimb lame dogs, detecting the asymme tries in the vertical pebeic
amplitude {angle) when the animal is at wallk. These results could help to further develop a
fully automated system for lameness detection in the future, being able to detect frontimb
and bilateral lameness also. This will help improve objective discermment in lameness

Supplementary Materiale The following supporting information can be dewnloaded at httpa:
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8. CONCLUSIONES

1) En el primer estudio, después de comparar dos grupos de perros con rotura
de ligamento cruzado, segun la técnica y el implante utilizado (Porous TTA® o
Model Xgen®), 3 meses después de la cirugia, podemos concluir que la
recuperacion funcional es similar para ambos procedimientos. Este estudio
también muestra que la integracion 6sea (Ol) de los implantes después de 3
meses es correcta en ambos procedimientos. También observamos que no hubo
progresion de la artrosis (OA) en ambos grupos; por lo tanto Todas estas
valoraciones fueron hechas basas en métodos subjetivos, tal como la escala
Bioarth y la la escala Radiolégica Bioarth, demostrando asi su utilidad relativa

para comparar, en este caso, dos técnicas quirurgicas similares.

2) Respecto al estudio con perros amputados, el soporte tripedal en los perros
no implica objetivamente una pérdida de equilibrio en términos cuantitativos. Sin
embargo, hay un aumento en la fuerza utilizada por los miembros restantes y
una disposicidn alterada durante la fase de apoyo. Estos hechos pueden
predisponer potencialmente a un animal a lesiones precoces en el futuro debido
al sobreuso de diferentes unidades musculoesqueléticas.

3) por ultimo, Los resultados de este tercer estudio muestran por primera vez
como una red neuronal artificial (ANN), al analizar datos de inclinacién de la
pelvis mediante una unidad de medicion inercial (IMU) fijada en la vértebra sacra
2 de un perro, es capaz de diferenciar entre perros sanos y perros con cojera
unilateral en los miembros pelvianos, detectando las asimetrias en la amplitud

vertical de la pelvis (angulo) cuando el animal camina.

Estos resultados podrian ayudar a desarrollar en el futuro un sistema
completamente automatizado basado en esta tecnologia para la deteccion de

cojeras en perros.
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9. RESUMEN

La cojera se define como una disfuncion en la marcha de los animales,
caracterizada por alteraciones en la capacidad de apoyo de las miembros
toracicos y/o pelvianos. Este sintoma puede ser causado por diversas
patologias, incluyendo dolor, debilidad muscular y trastornos articulares, y es

relevante para el diagnostico de trastornos musculoesqueléticos.

Las causas de la cojera son multifactoriales e incluyen lesiones musculares,
Oseas, infecciones, problemas neurolégicos, objetos extrafios, enfermedades
sistémicas y neoplasias. En muchos casos severos, la amputacién del miembro

afectado se considera necesaria.

Para la evaluacion de la cojera, se emplean métodos subjetivos, tales como
escalas visuales y funcionales, junto con métodos objetivos que abarcan analisis
cinéticos y cinematicos. La utilizacion de sensores de medicion inercial (IMU) ha
demostrado ser eficaz en la evaluacion objetiva de la cojera en medicina humana
y equina; sin embargo, los estudios realizados en la especie canina son aun

considerados insuficientes.

Por todo lo expuesto anteriormente, el objetivo comun de esta tesis doctoral
consiste en estudiar nuevos métodos de diagndstico y evaluacion de la cojera. Y
por este motivo, se han disefiado tres estudios diferentes:

- Un primer estudio utilizando 30 perros con rotura de ligamento cruzado.
En este estudio los animales fueron separados en dos grupos segun la técnica y
el implante utilizado (Porous TTA® o Model Xgen®). Con el objetivo de
comprobar la utilidad de los métodos subjetivos en la valoracion de cojeras, se
ha utilizado la escala Bioarth para comparar el éxito de dos técnicas quirurgicas
usadas.

- Un segundo estudio utilizando 10 perros con un miembro anterior
amputado, con el objetivo de profundizar de manera objetiva en el conocimiento

sobre las modificaciones biomecanicas (posturales y dinamicas) en perros
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amputados de las extremidades delanteras mediante el uso de plataformas de

fuerza y presion.

- Un tercer estudio utilizando 15 perros, con el propdsito de investigar si
las redes neuronales artificiales podrian utilizarse para determinar la cojera en
las extremidades traseras de los perros unicamente mediante medios

computacionales.
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10. SUMMARY:

Lameness is defined as a dysfunction in the gait of animals, characterized by
alterations in the weight-bearing capacity of the thoracic and/or pelvic limbs.
This symptom can be caused by various pathologies, including pain, muscle
weakness, and joint disorders, and is relevant for the diagnosis of

musculoskeletal disorders.

The causes of lameness are multifactorial and include muscular injuries, bone
fractures, infections, neurological issues, foreign bodies, systemic diseases,
and neoplasms. In many severe cases, amputation of the affected limb is

deemed necessary.

For the evaluation of lameness, subjective methods such as visual and

functional scales are employed alongside objective methods that encompass
kinetic and kinematic analyses. The use of inertial measurement units (IMUs)
has proven effective in the objective assessment of lameness in both human
and equine medicine; however, studies conducted on canine species are still

considered insufficient.

Given the aforementioned points, the common objective of this doctoral thesis is
to investigate new diagnostic and evaluative methods for lameness. To this end,
three distinct studies have been designed:

- The first study involves 30 dogs with cranial cruciate ligament rupture. In this
study, the animals were divided into two groups based on the technique and
implant used (Porous TTA® or Model Xgen®). To assess the utility of subjective
methods in evaluating lameness, the Bioarth scale was utilized to compare the

success of two surgical techniques employed.

- The second study includes 10 dogs with an amputated forelimb, aiming to
objectively deepen our understanding of biomechanical modifications (postural
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and dynamic) in dogs with forelimb amputations through the use of force and
pressure platforms.

- The third study involves 15 dogs with the purpose of investigating whether

artificial neural networks could be utilized to determine lameness in the hind

limbs of dogs solely through computational means.
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