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Avaliacdo de nova técnica para tratamento de cdes com angulo do platd tibial
excessivo - osteotomia de duplo corte para nivelamento do plato tibial (DCTPLO)

RESUMO - A doenca do ligamento cruzado cranial (CrCL), € o tipo mais prevalente
de disturbio da articulacédo femorotibiopatelar em caes, e tem atraido interesse significativo
nas areas de medicina veterinaria e fabricacdo de implantes ortopédicos nas ultimas
décadas. A osteotomia de nivelamento do platd tibial (TPLO) tem sido estudada
extensivamente, e a maioria dos estudos anteriores indicou que ela alcanca os melhores
resultados gerais em pacientes com insuficiéncia do CrCL. A TPLO demonstrou maior
eficicia na correcao do angulo do platd tibial (TPA). Além disso, tem ampla aplicabilidade
em céaes de diferentes tamanhos, tornando-se o tratamento de escolha para doenca do
CrCL em cées. O presente estudo objetiva descrever uma modificacdo da técnica de
osteotomia de nivelamento do plat6 tibial em que um corte duplo é feito no mesmo plano
para nivelar o platd tibial (osteotomia de nivelamento do platd tibial de corte duplo
[DCTPLO]) para caes com doencas do ligamento cruzado cranial (CrCL) e angulo
excessivo do platé tibial (eTPA). A técnica DCTPLO foi realizada em 18 joelhos em cées
com CrCL e um eTPA (>34°). Este estudo avaliou a precisdo do planejamento pré-
operatério, a viabilidade da técnica, os resultados clinicos pds-operatérios, os exames
radiograficos no acompanhamento pos-operatério nos primeiros 120 dias, a evolu¢éo do
angulo do platé tibial (TPA), o tempo de unido da osteotomia, a aposi¢cao dos implantes e
possiveis complicacdes. A técnica descrita provou ser viavel para aplicacéo clinica e foi
observada uma reducao efetiva nos niveis de eTPA. Os valores médios de TPA pré e pos-
operatérios foram 39,4° (36°-43,5°) e 6,3° (3°-13°), respectivamente. O tempo de
cicatrizacao radiografica foi de 60 dias em 17/18 dos joelhos. Complicacdes menores (que
nao exigiram revisao cirdrgica ou tratamento clinico) foram observadas em 4/18 dos
joelhos. A técnica DCTPLO foi eficaz para tratar a doenca CrCL com TPA de até 43,5° em

caes.

Palavras-chave: ligamento cruzado cranial, joelho, osteotomia, procedimentos ortopédicos



Evaluation of a new technique for treatment of dogs with excessive tibial plateau -
double cut osteotomy for leveling the tibial plateau angle (DCTPLO)

ABSTRACT - Cranial cruciate ligament (CrCL) disease, the most prevalent type of
tibiofemoral-patellar joint disorder in dogs, has garnered significant interest in the fields of
veterinary medicine and orthopaedic implant manufacturing in recent decades. Tibial
plateau-levelling osteotomy (TPLO) has been studied extensively, and most previous
studies have indicated that it achieves the best overall results in patients with CrCL
insufficiency. TPLO has exhibited a higher efficacy in correcting the tibial plateau angle
(TPA). Moreover, it has wide applicability in dogs of different sizes. Consequently, TPLO
has become the treatment of choice for CrCL disease in dogs. The objective to describe a
modification of the tibial plateau levelling osteotomy technique wherein a double cut is made
in the same plane to level the tibial plateau (double-cut tibial plateau levelling osteotomy
[DCTPLO]) for treating dogs with cranial cruciate ligament (CrCL) and excessive tibial
plateau angle (eTPA) diseases. The DCTPLO technique was performed on 18 stifles in dogs
with CrCL and an eTPA (>34°). This study evaluated the accuracy of preoperative planning,
feasibility of the technique, postoperative clinical outcomes, radiographic examinations at
the postoperative follow-up for the first 120 days, evolution of the tibial plateau angle (TPA),
time of union of the osteotomy, apposition of the implants, and possible complications. The
described technique proved to be feasible for clinical application, with reproducibility from
preoperative planning. An effective reduction in the eTPA levels was observed. The mean
preoperative and postoperative TPA values were 39.4° (36°-43.5°) and 6.3° (3°-13°),
respectively. Radiographic healing time was 60 days in 17/18 of stifles. Minor complications
(not requiring surgical review or clinical treatment) were observed in 4/18 of stifles. The
DCTPLO technique was effective for treating CrCL disease with TPA of up to 43.5° in dogs.

Keywords: cranial cruciate ligament, stifle, osteotomy, orthopedic procedures
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Figura 1. A) lllustrative image of the technique of double-cut tibial plateau levelling
osteotomy in a dog showing D1a, D1b, D2a. D2b, D3, and D4. D1a is defined as the distance
between the most cranial point of the tuberosity at the insertion of the patellar ligament on
the tibial tuberosity and the first line of the osteotomy. D1b is defined as the distance
between the first and second osteotomy line at the most caudal point. D2a is defined as the
distance from the insertion of the patellar ligament to the first osteotomy line. D2b is defined
as the distance between the first and second osteotomy line, being the size of the wedge in
the cranial region. D3 is defined as the distance from the centre of the intercondylar
eminences of the tibia to the final point of the apex of the two osteotomy lines. D4 is defined
as the midpoint of the osteotomy, which was evaluated to avoid losing the wedge in this
region. B) Radiographic planning for eDCTPLO in a Yorkshire Terrier dog in mediolateral
810111 o 4

Figura 2. lllustrative image of the technique of double-cut tibial plateau levelling osteotomy
for correction of eTPA in dogs. A) Positioning of the angle of the blades to form the wedge.
B) Wedge removal and reduction of the tibial plateau. C) Final appearance of the tibial

plateau after wedge removal and remaining TPLO rotation...........cccoeeeeeeiiiiiiieieiiiiicee e 5

Figura 3. Radiographic image of a Yorkshire Terrier dog acquired during the immediate
postoperative period of double-cut tibial plateau levelling osteotomy in craniocaudal (A) and
mediolateral (B) projections. Note the correction of the angle of the tibial plateau to 4.5° after
the technique, trapezoid-shaped tibial crest, and good positioning of the
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Figura 4. Radiographic image of a Yorkshire Terrier dog acquired after 90 days of double-
cut tibial plateau levelling osteotomy in craniocaudal (A) and mediolateral (B) projections.
Total union of the osteotomy and good positioning of the implants are
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CAPITULO 1 - Consideragdes gerais

1. INTRODUGCAO E REVISAO DE LITERATURA

A doenca do ligamento cruzado cranial é a afec¢@o mais comum da articulagéo
femorotibiopatelar em caes (Jhonson et al.,, 1994; Clark et al., 2020), e tem
movimentado importantemente a industria veterinaria e da manufatura de implantes
ortopédicos das ultimas décadas (Kuroki et al., 2019). A despeito de diagnostico
direto, a fisiopatologia da doenca ainda ndo é completamente entendida, mesmo apos
décadas de estudos sobre o assunto (Ben-Amotz; Zuckerman, 2021). Com o
entendimento do deslocamento cranial potencialmente nocivo da tibia causado pela
instabilidade do joelho (Slocum;Devine, 1983), varias técnicas de osteotomia foram
apresentadas e estudadas na medicina veterindria, com o0 objetivo central de
neutralizar, dinamicamente, o movimento patoldgico (citagdo?).

Dentre tais técnicas, a osteotomia de nivelamento do platd tibial (TPLO)
destaca-se, indubitavelmente, como a mais estudada e com os melhores resultados
globais (Slocum; Slocum, 1993; Moore et al., 2019; Vezzoni et al., 2020; Guénégo et
al., 2021, Tikekar et al., 2022; Trillig et al., 2022).

Diante da sua eficiéncia na correcdo da inclinacdo do platd tibial e ampla
aplicabilidade em diferentes tamanhos de cdes, a TPLO se popularizou no tratamento
da insuficiéncia do ligamento cruzado cranial em caes (Dumartinet et al., 2021).
Adicionalmente, caracteriza-se por técnica cirdrgica padronizada, onde a execucao da
osteotomia embasada em mensuracdes prévias advindas do planejamento cirdrgico,
pode ser realizada precisamente. Os resultados ja descritos mostram-se excelentes
com baixo indice de complicacdes quando bem executada (Vezzoni et al., 2019;
Guénégo et al., 2021; Johnson, 2022; Trillig et al., 2022).

Atualmente poucas limitacdes da técnica sdo descritas ou relevantes (Talaat et
al., 2006; Vezzoni et al., 2019; Walker et al., 2022), com excecao dos pacientes com
angulos do platé tibiais (TPA) excessivos (maiores que 34 graus). Nesses cenarios, a
TPLO pode néo ser a melhor escolha e a efetividade da técnica é potencialmente
reduzida (Vezzoni et al., 2019; Tikekar et al., 2022). Necessidade de giro do fragmento

além dos limites seguros, elevacédo do risco de fraturas da tuberosidade tibial, giro



insuficiente para nivelamento e rotag&o interna excessiva do fragmento, representam
as principais complicagdes nos pacientes com angulo excessivo tratados com a TPLO
convencional (Talaat et al., 2006; Caquias, 2013; Clark et al., 2020). A osteotomia de
cunha de fechamento cranial (CCWO) foi a técnica original relatada por Slocum;
Devine (1984) para nivelar o platé tibial nesses casos, e esta técnica permanece em
uso atualmente (Terreros; Daye., 2020). A grande desvantagem da CCWO, € a
mudanca na posicdo patelar proximodistal, resultante de uma posicdo mais
craniodistal da crista tibial, levando a hiperextensdo dos musculos isquiotibiais para
compensar a patela baixa (Apelt et al., 2010; Lee et al., 2007; Guénégo et al., 2021).

Portanto, este estudo teve como objetivo avaliar a eficacia clinica de uma
versao modificada de TPLO, em que um corte duplo foi feito no mesmo plano para
nivelar o platé tibial (DCTPLO). Foi proposto que o nivelamento adequado do platd
tibial pode ser alcancado usando DCTPLO por meio do fechamento de uma cunha
semicircular no plano sagital da tibia e que a incidéncia de complicacdes intra e pos-
operatorias seria menor apés DCTPLO em comparacdo com procedimentos

alternativos.

2. OBJETIVOS

2.1. Objetivos Gerais
O presente estudo visa descrever uma modificacdo da técnica de osteotomia
de nivelamento do platé tibial em que um corte duplo é feito no mesmo plano para
nivelar o platd tibial (osteotomia de nivelamento do platd tibial de corte duplo
[DCTPLO]) para tratar cades com doencas do ligamento cruzado cranial (CrCL) e

angulo excessivo do platé tibial (eTPA).

2.2. Objetivos especificos

- Realizar a técnica de DCTPLO em 18 joelhos em cédes com CrCL e eTPA (>34°).
- Avaliar a precisdo do planejamento pré-operatorio e viabilidade da técnica.
- Analisar os exames radiograficos pos-operatorios imediatos, com 30, 60, 90 e 120

dias.



- Avaliar o tempo de unido da osteotomia, a aposicdo dos implantes e possiveis

complicagodes.

3. HIPOTESE

A técnica proposta (osteotomia de nivelamento do plat6 tibial de corte duplo
[DCTPLOY]) visa promover nivelamento do platé tibial para tratamento de cdes com
doencas do ligamento cruzado cranial (CrCL) e angulo excessivo do plato tibial
(eTPA), por meio do fechamento de uma cunha semicircular no plano sagital da tibia
com baixa incidéncia de complicacfes intra e pés-operatdrias quando comparada com

procedimentos alternativos.

4. MATERIAL E METODOS

4.1. Critérios deinclusao

Foram selecionados para o estudo, caes atendidos no instituto “Ortopedia Vet”
com doenca CrCL e TPA excessivo. A doenca CrCL foi diagnosticada com base na
instabilidade observada durante os testes de gaveta cranial e compressao tibial e na
presenca de sinais clinicos sugestivos desta condicdo, como dor e claudicacéo.
Apenas caes com ruptura completa do ligamento cruzado cranial foram incluidos

neste estudo.

4.2. Planejamento cirurgico

Foram realizados exames radiograficos dos caes em projecfes craniocaudais
e mediolaterais verdadeiras e devidamente magnificadas da tibia, incluindo as
articulagbes proximal e distal. O planejamento cirurgico foi realizado em imagens
radiogréaficas digitais através do software comercialmente disponivel vPOP Pro (©
VetSOS Education Ltd). O processo de tomada de decisdo sobre o0 posicionamento e
raio da osteotomia basearam-se na técnica descrita para planejamento da TPLO
tradicional, entretanto, considerou-se a anatomia individual de cada tibia com cautela,

levando em consideragéo dois pontos importantes: a geometria da tuberosidade tibial



remanescente, e 0 estoque 6sseo para a aplicacdo dos implantes no fragmento
proximal da tibia. Em ato continuo, utilizando-se o0 mesmo raio de lamina, um segundo
corte foi posicionado adjacente e cranialmente ao primeiro, formando o desenho da
cunha semi-circular de fechamento cranial.

Os marcos anatdmicos D1, D2, D3 e D4 foram registrados. D1 foi definido como
a distancia da insercdo do ligamento patelar na tuberosidade tibial até a linha de
osteotomia perpendicular a borda cranial da tibia. D2 foi definido como a distancia da
insercdo do ligamento patelar até a linha de osteotomia ao longo da borda
cranioproximal da tibia. Além disso, D1 e D2 foram subdivididos. D1a foi definido como
a distancia entre o ponto mais cranial da tuberosidade, na insercdo do ligamento
patelar, e a primeira linha da osteotomia. D1b foi definido como a distancia entre a
primeira e a segunda linha de osteotomia no ponto mais caudal. D2a foi definido como
a distancia da insercao do ligamento patelar até a primeira linha de osteotomia. D2b
foi definido como a distancia entre a primeira e a segunda linha de osteotomia, sendo
o tamanho da cunha na regido cranial. D3 foi definido como a distancia do centro da
eminéncia intercondilar da tibia até o ponto final do apice das duas linhas de
osteotomia. D4 foi definido como o ponto médio da osteotomia.

O corte e fechamento da cunha foi simulado reduzindo-se o angulo do platdé
tibial inicial. Para calcular o giro do angulo remanescente, novamente o TPA foi
mensurado, tracando a linha do eixo mecéanico da tibia no centro do talus e outra linha
na interseccdo das eminéncias intercondilares a 85°, para obter um angulo final do
platd de 5°. Apds o giro ser realizado, o software vPOP Pro forneceu o giro da TPLO

em milimetros.

4.3. Técnicacirurgica

Os céaes foram colocados sob anestesia geral e posicionados em decubito
dorsal e 0 membro afetado foi preparado assepticamente. Uma abordagem cirlrgica
medial padrdo para o joelho e tibia proximal foi usada. Uma mini-artrotomia
parapatelar medial foi feita para inspecionar os ligamentos cruzados, meniscos medial
e lateral e a area visivel da cartilagem femoral. Quando lesbes meniscais foram

identificadas, foi realizada meniscectomia parcial do segmento meniscal danificado.



Posteriormente, o pes anserinus (inser¢cao dos tenddes dos musculos sartorio,
gracio e semitendinoso) foi divulsionado, e identificou-se o ligamento colateral medial
e com auxilio de uma agulha estéril de calibre 20x0,55 mm obteve-se a localizac&o
aproximada do centro da rotacdo da angulacdo do joelho, o qual serviu de referéncia
para as osteotomias tibiais proximais. Utilizou-se as distancias D1a; D1b; D2a; D2b,
D3 e D4, as quais foram marcadas na regido proximal da tibia com auxilio do
eletrocauterio.

As osteotomias foram realizadas sequencialmente somente da primeira cortical
e um guia jig foi colocado. Foram feitas as marcacdes do giro da TPLO com
eletrocauterio na regido mais caudal possivel para termos o menor diametro da cunha,
a fim de néo causar alteracdo apos sua remocao. Apdés a retirada da cunha, corrigiu-
se parcialmente a inclinacdo do platé tibial.

Com auxilio de pino de rotacado, inserido medialmente no segmento proximal
da tibia, prosseguiu-se a rotacdo do fragmento osteotomizado da TPLO, corrigindo-se
a inclinacdo remanescente do platd tibial. A osteotomia final foi estabilizada
temporariamente com aplicacdo de um pino de travamento, introduzido pela
tuberosidade tibial, proximalmente a insercao do ligamento patelar e com orientagédo
ligeiramente distal. Os fragmentos foram comprimidos e neutralizados com uma placa
blogueada de TPLO (Fixin System, Intrauma, (Rivoli — To, 10098), na regido medial e
proximal da tibia. O jig foi removido e a sutura procedeu-se de maneira rotineira.

Uma bandagem Robert Jones modificada foi aplicada por 24 a 48 horas, e a
restricdo de atividade fisica foi recomendada por 4 semanas. A remocéao da sutura da
pele foi feita 2 semanas apds a cirurgia.

4.4. Avaliacdo pés-operatéria
Exames radiogréficos foram realizados imediatamente e aos 30, 60, 90 e 120
dias apos a cirurgia para avaliar o TPA pos-operatorio, tempo de unido da osteotomia,
aposicao dos implantes e complicacdes. Complicagbes maiores foram definidas como
aguelas que necessitaram de tratamento cirlrgico ou tratamento médico de acordo
com o padrao atual. Complicacbes menores foram definidas como aquelas que nao
necessitaram de tratamento cirdrgico ou médico adicional. D1, D2 e TPA foram

medidos durante o periodo pés-operatdrio imediato usando imagens digitais e vPOP



Pro para avaliar a precisdo da reducdo do plat6 tibial. A unido éssea completa foi
definida como a remodelacéo do calo em todas as corticais. A unido 6ssea incompleta
foi definida como a presenca de algum cortex sem ponte ou lacuna na linha de
osteotomia. A espessura do ligamento patelar também foi avaliada durante o periodo
pés-operatorio imediato e 30 e 60 dias de pos-operatério usando radiografias e vPOP
Pro.
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Capitulo 2 — Normas do periédico “Arquivo Brasileiro de Medicina Veterinaria”

EVALUATION OF A NEW TECHNIQUE FOR TREATMENT OF DOGS WITH
EXCESSIVE TIBIAL PLATEAU ANGLE - DOUBLE CUT OSTEOTOMY FOR
LEVELING THE TIBIAL PLATEAU (DCTPLO)

[Avaliacéo de nova técnica para tratamento de caes com angulo do platé tibial excessivo -
osteotomia de duplo corte para nivelamento do platé tibial (dctplo)]

RESUMO

A doenca do ligamento cruzado cranial (CrCL) € a principal causa de disfuncdo do joelho de
caes, e tem gerado crescente interesse tanto na medicina veterinaria quanto no desenvolvimento
de implantes ortopédicos. Dentre as abordagens terapéuticas, a osteotomia de nivelamento do
platd tibial (TPLO) se destaca por ser amplamente estudada e pelos resultados superiores
indicados em diversos estudos. A técnica é especialmente eficaz na correcdo do angulo do platd
tibial (TPA) e pode ser aplicada em cdes de diferentes portes, o que a consolida como a opc¢éo
mais recomendada para tratar a doenca do CrCL. Este estudo tem como objetivo descrever uma
modificacdo na técnica de osteotomia de nivelamento do platd tibial, na qual um corte duplo é
realizado no mesmo plano para nivelar o platd tibial (osteotomia de nivelamento do plat6 tibial
de corte duplo [DCTPLQ]) em cées com doenca do ligamento cruzado cranial (CrCL) e angulo
excessivo do platé tibial (eTPA). A técnica foi aplicada em 18 joelhos de cdes com CrCL e
eTPA superior a 34°. Foram avaliados a precisdao do planejamento pré-operatdrio, a viabilidade
datécnica, os resultados clinicos e radiograficos pds-operatorios, a evolucdo do angulo do platd
tibial (TPA), o tempo de unido da osteotomia, a fixagdo dos implantes e eventuais complicagdes
nos primeiros 120 dias. A técnica descrita demonstrou ser clinicamente viavel, com uma
reducdo significativa nos niveis de eTPA. Os valores médios do TPA antes e depois da cirurgia
foram de 39,4° (36°-43,5°) e 6,3° (3°-13°), respectivamente. Em 17 dos 18 joelhos, a
consolidagdo Ossea, comprovada radiograficamente ocorreu em 60 dias. ComplicacOes
menores, que ndo exigiram revisao cirurgica ou tratamento adicional, foram observadas em dois
dos 18 casos. A tecnica DCTPLO mostrou-se eficaz no tratamento de CrCL em cdes com TPA
de até 43,5°.
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INTRODUCTION

Cranial cruciate ligament disease is the most common condition affecting the stifle in
dogs and has significantly driven the veterinary medicine and orthopedic implant
manufacturing industries in recent decades (Johnson et al., 1994; Engdahl, 2021; Clark et al.,
2020). Tibial plateau-levelling osteotomy (TPLO) has been studied extensively, and most
previous studies have indicated that it achieves the best overall results in patients with CrCL
disease (Bergh et al., 2014; Duerr et al., 2008). TPLO has exhibited a higher efficacy in
correcting the tibial plateau angle (TPA). Moreover, it has wide applicability in dogs of different
sizes (Dumartinet., 2021). Consequently, TPLO has become the treatment of choice for CrCL
disease in dogs (Bergh et al., 2014; Duerr et al., 2008).

Nevertheless, TPLO is associated with a few limitations (Talaat et al., 2006; Vezzoni et
al., 2020). For instance, the technique of levelling the tibial plateau is challenging in patients
with a TPA of >34° (Walker et al., 2022). This can potentially lead to a decrease in the efficacy
of TPLO. Furthermore, rotation of the fragment beyond safe limits, increased risk of tibial
tuberosity fractures, and excessive internal rotation of the proximal tibial fragment compromise
the fixation of the implants in patients undergoing TPLO (Tikekar et al., 2022; Frederick &
Cross, 2017). Thus, TPLO may not be the choice of treatment in such cases (Walker et al.,
2022).

The use of additional techniques and combinations, such as cranial closing wedge
ostectomy (CCWO), modified CCWO, a combination of TPLO and CCWO and Coplanar
CORA-based tibial plateau levelling osteotomy (coCBLO), has been proposed to address this
limitation (Slocum & Devine, 1984; Wallace et al., 2011; Schlag et al., 2020). However, these
techniques are associated with higher complication rates and a longer healing time in patients
with excessive TPA (eTPA) (Schlag et al., 2020). A consensus on the optimal treatment choice
for dogs with eTPA remains to be established despite the availability of a wide range of options
(Wallace et al., 2011; Walker et al., 2022).

Therefore, this study aimed to evaluate the clinical effectiveness of a modified version of
TPLO, wherein a double cut was made in the same plane to level the tibial plateau (DCTPLO).

It was proposed that adequate levelling of the tibial plateau can be achieved using DCTPLO via



the closure of a semicircular wedge in the sagittal plane of the tibia and that the incidence of
intra- and postoperative complications would be lower following DCTPLO compared to

alternative procedures.

MATERIALS AND METHODS

Consecutive dogs with CrCL disease and excessive TPA were included in this study.
CrCL disease was diagnosed based on the laxity observed during cranial drawer and tibial
compression tests and the presence of clinical signs suggestive of this condition, such as pain
and lameness. Only dogs with complete rupture of the cranial cruciate ligament were included
in this study. Dogs with meniscal injuries were included.

Radiographic examinations were performed in accordance with the acceptable
radiographic positioning criteria (23) using craniocaudal and mediolateral projections of the
tibia, including the proximal and distal joints. Surgical planning was performed on magnified
digital radiographic images using commercially available vPOP Pro software (®VetSOS
Education Ltd). The positioning and radius of the osteotomy were determined according to a
technique for planning conventional TPLO described in a previous study (Slocum & Slocum,
1993). However, the tibial anatomy varies among cases. A second osteotomy was positioned
adjacent and cranial to the first with the exit points in the caudal cortex aligned, forming a
curved wedge. Due to individual variation in tibial anatomy, the geometry of the remaining
tibial tuberosity must be taken into account, as narrow tuberosities may fracture and certain
patients may be unable to accommodate larger wedges.

The anatomical landmarks D1, D2, D3, and D4 were recorded. D1 was defined as the
distance from the insertion of the patellar ligament into the tibial tuberosity to the osteotomy
line perpendicular to the cranial edge of the tibia. D2 was defined as the distance from the
insertion of the patellar ligament to the osteotomy line along the cranioproximal edge of the
tibia. D1 and D2 were further subdivided. D1a was defined as the distance between the most
cranial point of the tuberosity at the insertion of the patellar ligament on the tibial tuberosity
and the first line of the osteotomy. D1b was defined as the distance between the first and second
osteotomy line at the most caudal point. D2a was defined as the distance from the insertion of
the patellar ligament to the first osteotomy line. D2b was defined as the distance between the

first and second osteotomy line, being the size of the wedge in the cranial region. D3 was



defined as the distance from the centre of the intercondylar eminence of the tibia to the final
point of the apex of the two osteotomy lines. D4 was defined as the midpoint of the osteotomy,

which was evaluated to avoid losing the wedge in this region (Fig. 1).
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Figure 1. A) lllustrative image of the technique of double-cut tibial plateau levelling osteotomy in a dog
showing D1a, D1b, D2a. D2b, D3, and D4. D1a is defined as the distance between the most cranial point
of the tuberosity at the insertion of the patellar ligament on the tibial tuberosity and the first line of the
osteotomy. D1b is defined as the distance between the first and second osteotomy line at the most caudal
point. D2a is defined as the distance from the insertion of the patellar ligament to the first osteotomy
line. D2b is defined as the distance between the first and second osteotomy line, being the size of the
wedge in the cranial region. D3 is defined as the distance from the centre of the intercondylar eminences
of the tibia to the final point of the apex of the two osteotomy lines. D4 is defined as the midpoint of the
osteotomy, which was evaluated to avoid losing the wedge in this region. B) Radiographic planning for
DCTPLO in a Yorkshire Terrier dog in mediolateral projection.

The cutting and closing of the wedge simulated using VPOP Pro resulted in a partial
reduction in TPA. The required residual rotation was calculated as follows. TPA was measured
by tracing the line of the mechanical axis of the tibia at the centre of the talus and another line
at the intersection of the intercondylar eminence at 85° to obtain a final plateau angle of 5°. The

TPLO rotation in millimetres was obtained using vVPOP Pro after performing the rotation.



Surgical technique

The dogs were positioned in dorsal recumbency after inducing general anaesthesia, and
the affected limb was aseptically prepared for surgery in a hanging position. A standard medial
surgical approach was used for the stifle and proximal tibia. The cruciate ligament, medial and
lateral menisci, and visible area of the femoral cartilage were inspected via a medial parapatellar
mini-arthrotomy. Partial meniscectomy of the damaged meniscal segment was performed after
identifying the meniscal lesions. The pes anserinus (insertion of the tendons of the sartorius,
gracilis, and semitendinosus muscles) was subsequently reflected, and the medial collateral
ligament was identified. The approximate location of the intercondylar eminence was
determined using a 20 x 0.55 mm (24G) needle cranial to the medial collateral ligament at the
level of the joint as a reference. This point served as a reference for measurement D3 and the
caudal exit point of the tibial osteotomies. Measurements D1a, D1b, D2a and D2b were marked
on the tibia.

Both osteotomies were performed through the cis-cortex, before placement of a jig guide.
The TPLO rotation was marked in the most caudal region of the osteotomies where the small
wedge width would minimize errors in the measured rotation. The osteotomies were continued

through the trans-cortex and the wedge removed, partially correcting the TPA (Fig. 2).

Figure 2. Illustrative image of the technique of double-cut tibial plateau levelling osteotomy for

correction of eTPA in dogs. A) Positioning of the angle of the blades to form the wedge. B) Wedge



removal and reduction of the tibial plateau. C) Final appearance of the tibial plateau after wedge removal
and remaining TPLO rotation.

The osteotomized fragment of the TPLO was rotated using a rotation pin inserted
medially into the proximal segment of the tibia to correct the remaining TPA. The osteotomy
was stabilised temporarily using a pin introduced proximal to the insertion of the patellar
ligament and through the tibial tuberosity with a slightly distal orientation. The fragments were
compressed and stabilised by placing a locking TPLO plate (Fixin System, Intrauma, Rivoli —
TO, Italy, 10098; Focus, Indaiatuba, SP, Brasil, 13.346-610; Aldrivet, Campinas, SP, Brasil,
13030-150) over the proximal regions of the tibia (Fig. 3). The jig was then removed, and the
surgical site was closed. A modified Robert Jones bandage was applied for 24-48 hours, and

physical activity was restricted for 4 weeks. The sutures were removed 2 weeks postoperatively.

Figure 3. Radiographic image of a Yorkshire Terrier dog acquired during the immediate postoperative
period of double-cut tibial plateau levelling osteotomy in craniocaudal (A) and mediolateral (B)
projections. Note the correction of the angle of the tibial plateau to 4.5° after the technique, trapezoid-
shaped tibial crest, and good positioning of the implants.



Radiographic examinations were performed immediately and at 30, 60, 90, and 120 days
after the surgery to evaluate the postoperative TPA, osteotomy union time, apposition of the

implants, and complications (Fig. 4).
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Figure 4. Radiographic image of a Yorkshire Terrier dog acquired after 90 days of double-cut tibial
plateau levelling osteotomy in craniocaudal (A) and mediolateral (B) projections. Total union of the
osteotomy and good positioning of the implants are observed.

Major complications were defined as those requiring surgical treatment or medical
treatment according to the current standard. Minor complications were defined as those that did
not require additional surgical or medical treatment. D1, D2, and TPA were measured during
the immediate postoperative period using digital imaging and vPOP Pro to evaluate the
accuracy of tibial plateau reduction. Complete bone union was defined as the remodelling of
the callus in all cortices. Incomplete bone union was defined as the presence of some cortex
without a bridge, or gap in the osteotomy line. The thickness of the patellar ligament was also
evaluated during the immediate postoperative period and 30 and 60 days postoperatively using

radiographs and vPOP Pro.



RESULTS

The mean age and body weight of the participants were 73.2 months (range, 12-156
months) and 9.1 kg (range 5.0 - 20.4 kg), respectively (Table 1). Only three dogs (18.7%)
weighed > 10 kg. Male and female dogs of various breeds that presented with CrCL and eTPA
were included in this study. Sixteen dogs underwent a total of 18 surgical procedures (two dogs
underwent bilateral surgery performed as different procedures at an interval of 18 months in
first case and 45 days in the second case). The mean preoperative and postoperative TPA were
39.4° (36— 43.5°) and 6.3° (3—13°), respectively. Radial saw blades (D3) of 10-18 mm were
used, the 12-mm blade was used in 10 of the 18 cases. The mean wedge size and TPLO rotation
were 3.3 mm (2.0-4.9 mm) and 4.6 mm (2.2-7.0 mm), respectively.

Evaluation of the gait during the postoperative period revealed no signs of lameness after
60 days in any of the dogs in the subjective evaluation of the gait. Bone union was achieved at
60 days in 17/18 stifles and at 90 days in the remaining case.

Patellar ligament thickening was observed in 16/18 of stifles during the immediate
postoperative period. An increase in thickness was observed at 30 and 60 days after the surgery
in 13/18 and 11/18 of stifles, respectively. Minor complications were observed in 2/18 of stifles,
including a gap in the cranial region of the wedge in stifles 4 and 8, which hindered
intraoperative interfragmentary compression. Small bone fragments were observed within the
wedge in the lateral region of the tibial tuberosity until 60 days after the surgery. These
fragments were removed using a small osteotome.

The final TPA was measured using an immediate postoperative radiograph. Immediate
postoperative TPA deviated from the target of 5-6.5 in 5/18 of stifles. In stifles 4 and 8,
postoperative TPA of 13 and 8, respectively, was considered due to the presence of small bone
fragments hindering reduction of the osteotomy. No healing complications were noted in these

two cases.

TABLE 1: Summary of the 18 stifle joints in dogs with cranial cruciate ligament disease that underwent
double-cut tibial plateau levelling osteotomy

CASE Breed Age [Weight [TPA [Saw [Wedge [TPLO TPLO [TPA  |Intraoperative [Final |[Complications
(years)|(kg) pre-op radius fangle  |Rotation [Rotationjpost-op [complications [TPA  fafter 30 and 60
(mm) (mm) (© (at days

healing)
1 Maltese |6 5 400 12 150 5.1 24.2° |6° - 7°




2 Shih-tzu 6 6.8 41.5° 12 15° 3.9 21.7° |9° \Very thin tibiall12° No
tuberosity complications;
increase in the
thickness of the
tibial tuberosity
observed
3 Shih-tzu 6 6.8 39° |10 15° 3.1 25° 6° - 6° -
4 Bichon 5 10.3 400 |12 15° 4.2 33.5° [13° Gap in  the[l2° No
Frisé wedge complications;
bone union of
the gap
observed
5 Bichon 6 10 430 12 15° 5.0 17.9° @4.7° \Very thin tibiali4.5° No
Frisé tuberosity complications;
increase in the
thickness of the
tibial tuberosity
observed
6 Mixed 7 106 [39° [15 10° 6.5 220 90 - Qe -
7 Yorkshire @4 8.5 43.5° 12 15° 5.0 20.3° 4° - 40 -
8 American (1 204 [37° |18 100 7.0 24° 8° Remnant of ag° Reduction in
Bully small bone the size of the
fragment of the fragment;
wedge in the absence of pain
tibial tuberosity|
9 French 6 13 37° |15 10° 6.1 24° 6° Gap in thel6° Remnant of a
Bulldog wedge small bone
fragment of the
wedge in the
tibial tuberosity
10  [Mixed 10 10 36° 12 10° 4.5 23.3° |10° - 10° -
11  [Chihuahua 8 4.8 400 12 10° 4.8 19.1° [5° - 50 -
12  [Mixed 7 22 38° |18 150 6 12.8° |° - 40 -
13  [Mixed 7 5.1 37° |10 15° 2.2 22.8° |6° - 6° -
14 [Yorkshire 6 4.5 36° |10 10° 3.8 24.1° |3° - 3° -
15  Shih-tzu |7 5.1 36° 12 15° 3.3 150 50 - 5° -
16  VJack Russel 5 8.6 400 12 200 3.2 200 4.6° - 4.6° -
17 [Shih-tzu (13 6.5 450 112 15° 5.4 15° 5.6° - 5.6° -
18  [Mixed 6 6.5 420 110 10° 3.7 10.6° [6.2° - 6.2° -
DISCUSSION

The novel technique outlined in this study shows promise, achieving a notable reduction

in the tibial plateau in dogs with eTPA while only slightly increasing complexity. Additionally,

the initial rates of intra- and postoperative complications were low, demonstrating a high level
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of safety. TPLO achieves the goal of dynamically stabilising the stifle joint, and excellent
results have been reported (Frederick & Cross, 2017).

However, excessively high TPA are observed in a significant proportion of patients; this
makes treatment more challenging and limits the use of conventional TPLO (Duerr et al., 2008).
Many patients with eTPA cannot undergo TPLO as a single correction technique owing to the
increase in the complication rate (Barnes et al., 2016). The risk of tibial crest fracture might be
increased when the proximal fragment is excessively rotated as the safe limit of rotation marked
by the patellar ligament insertion into the tibial tuberosity may be exceeded in these cases
(Talaat et al., 2006). The contact between the proximal and distal fragments of the tibia becomes
narrow, which impairs bone healing and decreases the area of implant application. The removal
of the semicircular wedge of the cranial closure used in the technique described herein
facilitated smaller rotation of the proximal fragment to level the tibial plateau.

Limited options have been available for patients with eTPA and they typically require
complex and somewhat inaccurate preoperative calculations, advanced surgical skills, multiples
implants, and increased surgical time (Barnes et al., 2016). Among them, the CCWO technique
(Slocum & Devine, 1984) remains the most widely used, however it can potentially change the
patellar position, leading to hyperextension of the hamstring muscles. The coCBLO modifies
the TPA by reducing plateau translation and has demonstrated better outcomes and lower
complication rates when combined with CCWO, which requires advanced surgical skill and
ends up in a multiple number of implants (Dumartinet et al., 2021) Finally, the combination of
TPLO with CCWO involves two adjacent osteotomies, an association of metal implants,
advanced surgical skill and increased surgical time. Patellar ligament thickening, loosening or
breakage of implants, and changes in the final TPA have also been reported (Apelt et al., 2010).
Healing of the osteotomy line occurred within the expected period, with total union being
observed in 17/18 of stifles within 60 days, and bone remodelling being observed within 120
days. These time periods are similar to those achieved using other techniques used for eTPA
(Schlag et al., 2020). Performing osteotomies in the metaphyseal region of the tibia contributes
significantly to the quality of the bone union process, as this region exhibits better healing than
the diaphyseal region (Rahal et al., 2001; Terreros & Daye, 2020).

The metaphyseal bone union is less dependent on periosteal cells, as numerous active
osteogenic cells, in addition to osteoblasts with great differentiation capacity and abundant

blood supply, are available in the existing trabeculae (Haffner-Luntzer & Ignatius, 2020).
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The safety of the remaining tuberosity should be carefully evaluated when planning
DCTPLO to prevent tibial crest fractures. Patellar ligament thickening was observed during the
immediate postoperative period in 16/18 of stifles in the present study. In 13/18 of stifles, there
was an increase in thickness was observed in 13/18 and 11/18 of stifles at 30 and 60 days
postoperatively, respectively. Postoperative thickening of the patellar tendon has been reported
to occur in 80-100% of cases undergoing TPLO, and may be associated with pain and lameness
(Carey et al., 2005). It has been hypothesised that manipulation or even minimal retraction of
the patellar ligament thickening during surgery, placement of the antirotational pin through the
distal fibres of the patella, contact with the blade during osteotomy, and increased tension due
to the changes in biomechanics after TPLO, can cause this complication (Mattern et al., 2006).
The patellar ligament was not manipulated during the proposed surgical technique; thus, the
change in the biomechanics of the knee may have led to this finding. Nevertheless, no clinical
changes were observed.

Internal pivot-shift of the tibia, which can occur during the stance phase of gait after
TPLO, is a complication of this technique, especially in cases where rotation is excessive and
tibial torsion is noted intraoperatively (Gatineau et al., 2011). This phenomenon was not
observed on the radiographs of any of the cases that underwent the proposed technique.

However, it is imperative that osteotomies be performed in a coplanar manner to avoid
internal or external torsion of the fragment. A change in the final TPA was observed in 5/18 of
stifles in the present study, considering a targeted TPA ranging between 5° and 6.5° (Warzee et
al., 2001). Limited space for implant fixation and limited contact between fragments may
predispose to rock-back postoperatively. Factors such as intra- and inter-observer variations can
lead to differences in the final TPA (Souza et al., 2021). No statistically significant differences
in clinical outcome were observed between cases with postoperative TPA ranging from 0 to
14°, TPA of all cases were within this range in the present study, indicating joint stabilisation
and functional return of the limb.

The correction mechanism of the DCTPLO technique involves the removal of the bone
wedge near the joint; consequently, the reduction of the plateau tilt becomes more effective.
This is in contrast to that observed in techniques wherein the wedge is placed farther from the
stifle joint, which increases the likelihood of loss in the angle of rotation during the
postoperative period (Caylor et al., 2001). No complications requiring surgical revision or

additional treatment were observed in the present study.
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The present study has some limitations. First, the small sample size may have reduced the
power of interpretation of the results. Second, an objective evaluation of gait that facilitates the
comparison of the proposed technique with those already described for cases with eTPA, which
could provide more reliable results, was lacking. Third, certain geometric characteristics of the
proximal tibia of dogs hinder DCTPLO as the remaining tuberosity or bone stock for the
application of the implant can reduce the safety of the technique, especially in miniature breeds
that are overrepresented in the case of eTPA.

Thus, the present study demonstrated that the DCTPLO technique can be an efficient
alternative for treating dogs with CrCL disease with a TPA of up to 43.5°. This technique is
associated with lower morbidity. Moreover, it is relatively less complex than the other
techniques and is applicable to most cases of eTPA. Furthermore, it provides satisfactory results

in the short- and medium-term and has low preliminary complication rates.
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