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Resumen 

Objetivos: 

•	 Comparar de forma retrospectiva dos subgrupos clínicos de pacientes con 

fracturas de la Tuberosid Tibial (TT) como complicacion del avance de la 

tuberosidad tibial (TTA) (fracturas por avulsión incidentales o fractura de 

configuracion compleja asociada con la aparición repentina de cojera severa) 

y describir el manejo quirúrgico y el resultado del tratamiento de la fractura de 

la tuberosidad tibial como una complicación de la TTA. 

•	 Identificar de forma retrospectiva los factores que predisponen a la fractura 

de la tuberosidad tibial (TT) como complicacion de la TTA. 

•	 Examinar los factores perioperatorios que afectan la tasa de infección post-

quirúrgica (IPQ) de la TTA, incluyendo los errores técnicos que predisponen 

a la fractura de la tuberosidad tibial, como forma de evaluar la asociación 

entre inestabilidad e infección post-quirúrgica 

•	 Revisar retrospectivamente y describir la incidencia de las complicaciones 

asociadas con el avance tuberosidad tibial (TTA) cirugías en un grupo de 

perros boxer y comparar los datos con una población control no boxer. 

Métodos 

En el primer estudio, se revisaron las historias clínicas y radiografias de 10 perros 

con fracturas de la TT como complicacion de la TTA. Las complicaciones y el 

resultado del manejo de las mismas se detectaron a través de exámenes de 
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seguimiento clínico y radiográfico. La función de la extremidad se evaluó 

clinicamente entre seis y 12 semanas después de la operación. Los propietarios 

fueron contactados por teléfono para obtener seguimiento de al menos seis meses 

después del alta clínica. 

En el segundo estudio, las historias clínicas y radiografías de un grupo control de 

perros (n = 212) a los que se les realizaron 241 TTAs y no sufrieron fractura de la TT 

y las de 12 perros a los que se les realizaron 13 TTAs y sufrieron fractura de la TT 

como complicacion de la TTA, fueron evaluadas para determinar el efecto de las 

caracteristicas del animal, peso corporal y la presencia de errores técnicos en la 

aparicion de fracturas de la TT. Se realizó una regresión logistica multivariable con la 

aparición de fractura de la TT como la variable de interés. 

Como parte de nuestro tercer estudio, se evaluó la información pertinente a las 

características del animal, parámetros anestésicos y quirúrgicos, así como la 

aparición de IPQ. Los perros fueron seguidos durante un mínimo de tres meses tras 

la operación. La asociación entre los factores perioperatorios e IPQ se evaluó 

mediante pruebas de Chi-cuadrado y regresión logística binaria. 

En nuestro último estudio se realizó un análisis retrospectivo para identificar todas 

las complicaciones en los perros que se sometieron a cirugía TTA debido a la 

presencia de enfermedad del ligamento cruzado craneal (LCC). Estos registros se 

clasificaron en dos grupos: perros boxer y un grupo control formado por el resto de 

razas. Se realizó una regresión logistica multivariable con la raza como la variable de 

interés. 
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Resultados 

En el primer studio, cuatro perros requirieron estabilización quirúrgica y seis perros 

fueron tratados de manera conservadora. En el grupo quirúrgico, todos los casos 

experimentaron una cojera aguda sin apoyo. En tres de los cuatro casos se hizo un 

intento para estabilizar la fractura de la TT mientras se mantuvo el avance de la TT. 

Se encontraron complicaciones postoperatorias en tres de los cuatro casos tratados 

quirúrgicamente. El resultado funcional se consideró excelente en siete casos y 

bueno en los otros tres. 

Nuestro segundo estudio mostró que las caracteristicas del animal y el peso corporal 

no estaban asociados con la aparición de fracturas de la TT. Errores técnicos tales 

como, el tamaño de la osteotomia (p = 0,003), la posición de la placa (p = 0,009), y 

la posición de la caja (p = 0,039) fueron factores asociados significativamente con la 

presentación de fracturas de la TT. 

En el tercer estudio, la prevalencia de IPQ fue del 5,3% (12/224 TTA). El tiempo 

quirúrgico (p = 0,02) y el tiempo anestésico (p = 0,03) se asociaron 

significativamente con la aparición de IPQ. El uso de antibióticos profilacticos post-

operatorios (APP) o la presencia de errores técnicos asociados con la presentación 

de fracturas de la TT no influyeron en la aparición de IPQ (p = 0.719). Los implantes 

se retiraron en el 1,3% de los casos (3/224 TTA). 

De las 307 rodillas incluidos en el cuarto estudio, se registraron 69 complicaciones 

en 58 articulaciones. La tasa de complicaciones fue significativamente diferente 

entre los grupos, con el 44,4% de perros boxer desarrollando complicaciones en 

comparación con 15,5% en el grupo de control no-boxer. Esto corresponde a un OR 

de 5,8 (IC 1,96-17,02; p <0,001). Los perros Boxer tienen más probabilidades de 
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someterse a una cirugía de revisión y de desarrollar múltiples complicaciones. La 

incidencia de fracturas de la TT que requirieron reparación quirúrgica (2/36 vs 1/271) 

y las infecciones incisionales que requirieron tratamiento antibiótico (tres en cada 

grupo) tambien fueron estadísticamente significativas en el grupo de perros boxer. 

Conclusiones 

1.La fractura de la tuberosidad tibial es una complicación de la TTA que parece tener 

un pronóstico favorable, aunque puede resultar en una morbilidad significativa y, en 

algunos casos la cirugía de revisión puede ser necesaria. 

2. La mala posición de la placa, la mala posición de la caja, y la ejecucion de una 

osteotomia estrecha a nivel distal, están asociados con la aparición de la fractura de 

la TT como complicación de la TTA. Es de suma importancia prestar especial 

atención a la técnica quirúrgica con el fin de reducir este riesgo. 

3. El aumento de los tiempos quirúrgicos y anestesiscos son factores de riesgo 

significativos para la ocurrencia de IPQ como complicacion de la TTA. No hay 

evidencia para demostar que el uso de APP o la presencia de errores técnicos que 

predisponen a la fractura de la tuberosidad tibial fracturas afecten la tasa de IPQ. 

4. Los perros Boxer tienen más probabilidades de desarrollar complicaciones 

multiples y mas relevantes, tales como fracturas de la TT que requieran 

estabilizacion y de complicacioines relacionadas con la infección. Recomendaciones 

especificas del tratamiento mas idóneo de la enfermedad del LCC basada en la raza 

parece ser un tema digno de mayor consideración. 
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Abstract 

Objectives 

1.	 To retrospectively compare two clinical subsets of dogs suffering tibial 

tuberosity (TT) fracture (incidental finding or sudden onset severe lameness) 

as a complication of tibial tuberosity advancement (TTA) and to report the 

surgical management and outcome of TT fracture as a complication of TTA. 

2.	 To retrospectively identify factors that predispose to tibial tuberosity (TT) 

fracture after tibial tuberosity advancement (TTA) in dogs. 

3.	 To examine perioperative factors affecting surgical site infection (SSI) rate 

following tibial tuberosity advancement (TTA) including technical errors that 

predispose to tibial tuberosity fracture as a way to assess the association 

between construct instability and surgical site infection. 

4.	 To retrospectively review and describe the incidence of complications 

associated with tibial tuberosity advancement (TTA) surgeries in a group of 

boxer dogs (n=36 stifles) and compare the data with a non-boxer control 

population (n=271 stifles). 
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Methods 

In study 1, the medical and radiographic records of 10 dogs with eleven TT fractures 

or crest fractures after TTA were reviewed. The outcome and complications were 

determined from clinical and radiographic follow-up examinations. Limb function was 

evaluated between six and 12 weeks postoperatively. Owners were contacted by 

phone for long-term follow-up at least six months after the last examination. 

In the second study, medical records and radiographs of a group of control dogs (n = 

212) that had TTA surgery (n = 241 procedures) and did not sustain a fracture 

between 2008 and 2013, and those of 12 dogs that did sustain a fracture (n = 13 

procedures) between 2008 and 2013 at two veterinary teaching hospitals were 

evaluated to determine the effect of signalment, body weight and surgical 

inaccuracies on TT fracture. Multivariable logistic regression was performed with the 

occurrence of TT fracture as the outcome variable of interest. 

As part of our third study, medical records of dogs that underwent TTA in a single 

institution were reviewed. Information on signalment, anaesthetic and surgical 

parameters, as well as occurrence of SSI was recorded. Dogs were followed for a 

minimum of three months postoperatively. The association between perioperative 

factors and SSI was assessed using Chi-squared tests and binary logistic regression. 

In our last study retrospective analysis of medical records was performed to identify 

all complications in dogs that underwent TTA surgery due to cranial cruciate ligament 

(CCL) disease. These records were categorised into two groups: boxer dogs and 

controls (all other breeds) non-boxers dogs. Multivariable logistic regression was 

performed with the breed as the outcome variable of interest 
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Results 

In the first study, four dogs required surgical stabilization and six dogs had 

conservative management. In the surgical group, every case experienced a sudden 

non-weight-bearing lameness after the initial TTA surgery. In three of the four cases 

an attempt was made to stabilize the TT and crest fracture while maintaining the TT 

advancement. Postoperative complications were encountered in three of the four 

surgically treated cases. Functional outcome was considered excellent in seven 

cases and good in the other three. 

Our second study showed that signalment and body weight were not found to be 

associated with TT fracture. Of the surgical inaccuracies, osteotomy shape (p = 

0.003), plate position (p = 0.009), and cage position (p = 0.039) were factors 

significantly associated with TT fracture. 

In the third study, the prevalence of SSI was 5.3% (12/224 TTA). Surgical time (p = 

0.02) and anaesthesia time (p = 0.03) were significantly associated with SSI. The use 

of postoperative antimicrobial therapy was not significantly associated with lower SSI 

(p = 0.719). Implants were removed in 1.3% of cases (3/224 TTA). 

Of the 307 stifles included in the fourth study, 69 complications were reported in 58 

joints. The complication rate differed significantly between groups, with 44.4% boxer 

dogs developing complications versus 15.5% in the control non-boxer group 

corresponding to an OR of 5.8 (CI 1.96-17.02; p-value <0.001). Boxer dogs were 

more likely to undergo revision surgery and to develop multiple complications. The 

incidence of TT fractures requiring surgical repair (2/36 vs 1/271) and incisional 

infections requiring antibiotic treatment (three in each group) was statistically higher 

in the boxer group. 
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Conclusions 

1.	 Tibial tuberosity fracture is a complication of TTA that seems to have a 

favourable prognosis, although it can result in significant morbidity and in 

some cases revision surgery may be required. 

2.	 Poor plate position, poor cage position, and narrow distal osteotomy width are 

associated with TT fracture after TTA. We conclude that it is of paramount 

importance to pay careful attention to surgical technique in order to reduce 

this risk. 

3.	 Increased surgical and anaesthesia times are significant risk factors for SSI in 

TTA, and that there is no evidence that postoperative prophylactic 

antimicrobial therapy or presence of technical errors that predispose to tibial 

tuberosity fracture are associated with SSI rate. 

4.	 Boxer dogs had more major and multiple complications after TTA surgery, 

higher rate of revision surgery, TT fractures requiring stabilisation and 

infection related complications than the control non-boxer group. The 

pertinence and value of breed-specific recommendations for CCL disease 

appears to be a subject worthy of further investigation. 
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level of the central point of the distal tine hole. 
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Figure 3: Medio-lateral radiograph of a canine stifle immediately postoperative 

showing a tibial tuberosity advancement with no technical errors based on criteria 

defined in this study. 

Figure 4: Medio-lateral radiographs of three canine stifles immediately post tibial 

tuberosity advancement demonstrating surgical inaccuracies. A) Poor distal 

osteotomy width (the level at the distal tine being <25% of the common tibial shaft 

width), contact between the cranial cage ear and the proximal end of the plate (the 

plate extending beyond the most proximal aspect of the tibial crest), and poor cage-

screw direction (cranial screw angled distally and caudal screw angled proximally). B) 

No contact between the distal surface of the osteotomized fragment and the tibial 

shaft, and contact between the cranial cage ear and the proximal end of the plate. C) 

Poor plate position (the plate is positioned caudal to the region of the tibial crest with 

the greatest density of cortical bone). 

Figure 5: Medio-lateral radiograph of a canine tibia showing a tibial crest avulsion 

fracture involving all fork holes. 

Figure 6: Illustration demonstrating the differences in anatomic shape of the 

proximal tibia and tibial tuberosity with a high (thick line) versus low (dashed line) 

patellar ligament insertion point. It can be seen that measurement of the tibial width 

from tibial tuberosity to the caudal curvature of the proximal tibia is not an accurate 

method of establishing a common tibial width; a high patellar ligament insertion point 

gives a wider tibial width (A) than a low insertion point (B). Using the proximal tibia in 

this way may lead to a distal osteotomy width being calculated as greater than 25% 

of the tibial width (and thus deemed acceptable) if the tibial tuberosity was low, but 

less than 25% of the tibial width (and thus deemed poor) if the tibial tuberosity was 

high. 
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Figure 7: Transverse computed tomographic image of a canine tibia, illustrating the 

difference in available cortex for tine engagement between the tibial crest (long 

arrow) and the area of bone caudal to it (short arrow). 

Paper 4: 

Figure 1: Boxplot of time to postoperative complications (days) by group of breeds 

showing the significant difference in the development of complications between dogs 

from the boxer and control groups. 
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Introduction 

Rupture of the cranial cruciate ligament is one of the most common orthopaedic 

problems observed in the canine stifle joint (1). Restoration of function is achieved 

surgically by neutralizing the tibio-femoral shear forces in a cranial cruciate ligament -

deficient stifle using either a static, or dynamic surgical procedure (2). Dynamic 

stabilization is achieved by neutralizing the cranial tibial thrust. Historically this has 

been achieved by a tibial plateau levelling osteotomy (TPLO), in which a radial 

osteotomy of the proximal tibia is performed, and rotation of the tibial plateau allows 

a reduction of the tibial plateau angle (2). 

Tibial tuberosity advancement (TTA) was proposed in 2002 as an alternative to tibial 

plateau levelling osteotomy (3). Tibial tuberosity advancement achieves dynamic 

stifle stabilization by advancing the tibial tuberosity, thereby altering the direction of 

the patellar tendon force vector. This results in either a neutral or caudally directed 

tibio-femoral shear force during the weight-bearing phase of the gait cycle (4). 

Tibial tuberosity advancement has become popular over recent years. By 

comparison with tibial plateau levelling osteotomy, it is claimed that, tibial tuberosity 

advancement is less invasive and less technically demanding, with a reduced major 

complication rate (5, 6). However, some reports in the current literature suggest that 

the complication rates are similar for the tibial tuberosity advancement and tibial 

plateau levelling osteotomy procedures (1, 2, 6-11). Overall complication rates for 

the tibial tuberosity advancement range from 19% to 59% which include meniscal 

tears, infection, medial patellar luxation, chronic poor performance, implant failure, 

and tibial and tibial tuberosity fractures (1,2, 6-9, 12-15). 
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Fracture of the tibial tuberosity is considered one of the more serious complications 

following tibial plateau levelling osteotomy, because of increased patient morbidity 

and client expense (16); the reported incidence is 3-9% (16). Tibial tuberosity 

fractures have also been reported after tibial tuberosity advancement, with an 

incidence ranging from 1- 4 % (1, 2, 6). 

The majority of the tibial tuberosity fractures previously reported were incidental 

avulsion fractures detected on routine radiographic follow-up (1,2,7,8). Although we 

acknowledge that this is the most common presentation, the author have also 

recognised the presence of a different clinical subset of animals that are presented 

with a more complex fracture configuration and sudden onset severe lameness. 

The surgical management of three dogs suffering from tibial tuberosity fractures after 

tibial tuberosity advancement has been mentioned in the literature (1, 2, 7, 8). 

However, to our knowledge, no previously published studies have specifically 

compared these two clinical subsets (incidental or sudden onset severe lameness) or 

has addressed the surgical management and outcome of tibial tuberosity fracture as 

a complication of tibial tuberosity advancement. 

Risk factors for tibial tuberosity fracture after tibial plateau levelling osteotomy are 

well documented (16) but those for tibial tuberosity advancement are lacking. 

Possible suggested etiologies for the development of tibial tuberosity fracture after 

tibial tuberosity advancement include reduced thickness of the osteotomized tibial 

tuberosity (2, 17, 18), incorrect plate positioning (17, 18), reduced osteotomy contact 

(18), large preoperative patellar ligament angle (8) and iatrogenic damage to the 

region during surgical dissection (2). However, to date, statistical data in support of 

these proposals is only available for preoperative patellar ligament angle, reduced 

thickness of the osteotomized tibial tuberosity, bilateral single session TTA and 
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reduced osteotomy contact (8, 13, 17, 18). 

The prevalence of surgical site infection (SSI) in clean orthopedic surgery in dogs 

and cats is 2.5 – 4.8% (19-22). Many risk factors for SSI have been identified 

including prolonged surgical time and pre-anaesthetic clipping (20). Previous studies 

have reported a SSI rate of 2.6 – 7.2% for TTA surgery (2, 8, 23). A study involving 

tibial plateau leveling osteotomy (TPLO) and extracapsular lateral suture (ECLS) 

showed that TPLO has a significantly higher prevalence of SSI (8.4%) when 

compared to ECLS (4.2%) (P = 0.01) (24). The study has also identified that skin 

sutures and post-operative prophylactic antimicrobial therapy (PAT) were associated 

with a lower risk of SSI (24). Other studies in TPLOs found that an increased body 

weight and being an intact make were associated with increased risk of SSI whereas 

being a Labrador retriever, the use of post-operative PAT and the application of a 

locking bone plate were associated with a lower risk of SSI (25-27). 

No specific study has examined the peri-operative and post-operative factors of TTA 

that might be associated with SSI or the association between the use of post-

operative PAT and SSI in TTA. 

Multiple theories have been proposed to explain particular breed predisposition to 

cranial cruciate ligament (CCL) disease (28), including ultra-structural differences in 

the nature of the CCL, anatomical and postural variations (28 -34). To our knowledge 

no studies have been performed to assess breed-associated variations on the nature 

and frequency of complications related to TTA surgery. Boxer dogs are a breed 

commonly affected by CCL disease and a previous study reported a higher 

complication rate following lateral fabellotibial suture (LFS) when compared to other 

breeds (35). 
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Hypothesis and Objectives 

The aim of this PhD thesis was the study of the tibial tuberosity fracture as a 

complication of the tibial tuberosity advancement procedure. Our interest have 

focused in the management and prevention of this potentially severe complication. 

Several hypothesis were created. Firstly, we hypothesized that tibial tuberosity 

fracture can be a potential serious and challenging tibial tuberosity advancement 

complication, particularly during the learning curve phase of this surgical procedure 

that may require revision surgery and extended convalescence. 

Secondly we also hypothesized that tibial tuberosity fracture incidence can be 

reduced by avoiding technical errors and that fracture is associated with incorrect 

plate position, distal osteotomy width, osteotomy shape, cage position, and cage 

screw direction, and also the inappropriate presence of cranial cage ear to proximal 

plate contact, the absence of contact between the osteotomy and the tibial shaft, and 

body weight. 

Thirdly we hypothesized that surgical and anaesthesia time as well as suboptimal 

osteotomy shape, cage position and plate position were associated with a high rate 

of surgical site infection and that the surgical rate was not affected by the 

prophylactic use of antibiotics. 

Lastly we hypothesized that there are breed-associated variations on the nature and 

frequency of complications related to TTA surgery and in particular that boxer dogs 

have a higher TTA complication rate (including tibial tuberosity fracture). 
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Several specific objectives were designed to test these hypothesis: 

• To describe the surgical management and outcome of tibial tuberosity 

fracture as a complication of tibial tuberosity advancement. 

• To compare two clinical subsets of fracture patients (incidental avulsion 

fractures or complex fracture configuration with associated sudden onset 

severe lameness). 

• To study different technical errors that may predispose to tibial 

tuberosity fracture after tibial tuberosity advancement in dogs with cranial 

cruciate ligament disease. 

• To study the technical errors that predispose to tibial tuberosity fracture 

as a way to assess the association between construct instability and surgical 

site infection. 

• To study peri-operative factors affecting surgical site infection rate 

following tibial tuberosity advancement. 

• To study if boxer dogs have a higher TTA incidence of complications 

(including tibial tuberosity fractures) compared with a non-boxer population 
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Tibial tuberosity fracture as a 
complication of tibial tuberosity 
advancement 
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'Glasgow University Veterinary School, Division of Small Animal Sciences, Glasgow, Scotland, UK; 'University College 
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Summary 
Objectives: To retrospectively compare two 
clinical subsets of dogs suffering tibial tube
rosity (TT) fracture (incidental finding or 
sudden onset severe lameness) as a compli
cation of tibial tuberosity advancement (TTA) 
and to report the surgical management and 
outcome of TT fracture as a complication of 
TTA. 
Material and methods: The medical records 
of 10 dogs with eleven TT fractures or crest 
fractures after TTA were reviewed. The out
come and complications were determined 
from clinical and radiographic follow-up ex
aminations. Limb function was evaluated be
tween six and 12 weeks postoperatively. 
Owners were contacted by phone for long-
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I ntrod ucti on 
Rupture of the cranial cruciate ligament is 
one of the most common orthopaedic 
problems observed in the canine stifle joint 
(1). Restoration offunction is achieved sur
gically by neutralizing the tibia-femoral 
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term follow-up at least six months after the 
last examination. 
Results: Four dogs required surgical stabili
zation and six dogs had conservative man
agement. In the surgical group, every case 
experienced a sudden non-weight-bearing 
lameness after the initial TTA surgery. In 
three of the four cases an attempt was made 
to stabilize the TT and crest fracture while 
maintaining the TT advancement. Postoper
ative complications were encountered in 
three of the four surgically treated cases. 
Functional outcome was considered excel
lent in seven cases and good in the other 
three. 
Clinical significance: Tibial tuberosity frac
ture is a complication of TTA that seems to 
have a favou rable prognosis, although it can 
result in significant morbidity and in some 
cases revision surgery may be required_ 
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shear forces in a cranial cruciate ligament
deficient stifle using either a static or dy
namic surgical procedure (2). Dynamic 
stabilization is achieved by neutralizing the 
cranial tibial thrust. Historically this has 
been achieved by a tibial plateau levelling 
osteotomy, in which a radial osteotomy of 

the proximal tibia is performed, and ro
tation of the tibial plateau allows a reduc
tion of the tibial plateau angle (2). 

Tibial tuberosity advancement was pro
posed in 2002 as an alternative to tibial pla
teau levelling osteotomy (3). Tibial tube
rosity advancement achieves dynamic stifle 
stabilization by advancing the tibial tube
rosity, thereby altering the direction of the 
patellar tendon force vector. This results in 
either a neutral or caudally directed tibio
femoral shear force during the weight
bearing phase of the gait cycle ( 4)_ 

Tibial tuberosity advancement has be
come popular over recent years. By compari
son with tibial plateau levelling osteotomy, it 
is claimed that, tibial tuberosity advance
ment is less invasive and less technically de
manding, with a reduced major compli
cation rate (5, 6). However, some reports in 
the current literature suggest that the compli
cation rates are similar for the tibial tuberos
ity advancement and tibial plateau levelling 
osteotomy procedures (1, 2, 6-1 1). 

Fracture of the tibial tuberosity is con
sidered one of the more serious compli
cations following tibial plateau levelling os
teotomy, because of increased patient mor
bidity and client expense; the reported inci
dence is three to nine percent (12). Tibial 
tuberosity fractures have also been re
ported after tibial tuberosity advancement, 
with an incidence ranging from one to four 
percent (I, 2, 6). Risk factors for tibial tube
rosity fracture have been reported for both 
tibial plateau levelling osteotomy and tibial 
tuberosity advancement (12-14). 

The majority of the tibial tuberosity 
fractures previously reported were inciden
tal avulsion fractures detected on routine 
radiographic follow-up (1, 2, 7, 8). Al
though we acknowledge that this is the 
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most common presentation, the authors 
have also recognized the presence of a dif
ferent clinical subset of animals that are 
presented with a more complex fracture 
configuration and sudden onset of severe 
lameness. 

The surgical management of three dogs 
suffering from tibial tuberosity fractures 
after tibial tuberosity advancement was 
mentioned in the literature (1 , 7, 8). How
ever, to our knowledge, no previously pub
lished studies have specifically compared 
these two clinical subsets (incidental or 
sudden onset of severe lameness) or have 
addressed the surgical management and 
outcome of tibial tuberosity fracture as a 
complication of tibial tuberosity advance
ment. 

The objectives of this report are to 
firstly, describe the surgical management 
and outcome of tibial tuberosity fracture as 
a complication of tibial tuberosity advance
ment, as well as to compare the two clinical 
subsets of fracture patients (incidental 
avulsion fractures or complex fracture con
figuration with associated sudden onset of 
severe lameness). Our intention is to raise 
the awareness of a potentially serious and 
challenging tibial tuberosity advancement 
complication, particularly during the 
learning curve phase of this surgical pro
cedure. 

Material and methods 
Inclusion criteria 

The medical records of 10 dogs with eleven 
tibial tuberosity or tibial crest fractures 
after tibial tuberosity advancement that oc
curred within the first 200 consecutive ti
bial tuberosity advancement surgical pro
cedures performed at Glasgow University 
and University College Dublin Veterinary 
Teaching Hospitals were reviewed. For 
each dog, the information regarding signal
men!, body weight, time to fracture after ti
bial tuberosity advancement, lameness 
score, pertinent medical history, clinical 
subset (incidental finding or acute onset 
lameness), type of treatment (conservative 
or surgical), fracture configuration, pres
ence of new bone at the level of the osteot
omy gap, follow-up, other complications, 
time from fracture detection to resolution, 
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and outcome were all recorded. A detailed 
clinical examination was used to confirm 
that a clinically significant abnormality was 
specifically related to the fracture. 

Surgical technique 

For the initial tibial tuberosity advance
ment surgery, a standard medial para-pa
tellar arthrotomy was performed in order 
to confirm rupture of the cranial cruciate 
ligament, and to assess meniscal integrity 
(15). If meniscal pathology was identified, 
a partial meniscectomy was performed. A 
standard tibial tuberosity advancement 
procedure as previously described by 
others (apart from case 5 where the cage 
was mistakenly placed upside down) was 
performed by seven different surgeons (2). 
Titanium alloy tibial tuberosity advance
ment implants' were used in all cases. 

Subsequent patient management 

The standard postoperative rest protocol 
included instructions to enforce strict rest 
with three or four ten minutes leash walks 
daily for six weeks. Radiographs were ob
tained after six weeks, and provided that 
signs of healing progression were docu
mented, leash exercise was then increased 
by five minutes per walk on a weekly basis 
over a four week period. At the end of that 
month, off-leash exercise was re-intro
duced over an additional four week period. 

Tibial tuberosity fracture repair 
surgery 

The animals were positioned in dorsal re
cumbency and the affected limb was asep
tically prepared for surgery. The animal 
was then rotated into lateral recumbency 
leaving the affected limb in contact with 
the surgery table and a medial approach to 
the proximal tibia was performed (15). 
Based on the fracture configuration, the 
presence of any radiographically apparent 
signs of osseous infilling of the osteotomy 
and the surgeon's assessment, a decision 
was made either to repair the fracture 
maintaining the cage and therefore the ad-

a Veterinary Instrumentation, Sheffield, UK 

vancement, or to remove all the implants, 
anatomically reduce and stabilize the tibial 
tuberosity, and perform an extra-capsular 
repair to address the cranial cruciate liga
ment deficiency. 

Preoperative and postoperative 
radiographic assessment 

A minimum of two orthogonal radio
graphic views, centred on the fracture, 
were obtained. The preoperative images 
were used to determine the presence of 
signs of osseous infilling of the osteotomy 
gap caudal to the advanced tibial tuberos
ity, and the number, size and shape of the 
bone fragments. Radiographs obtained im
mediately after fracture surgery were evalu
ated for evidence of tibial tuberosity under
advancement, reduction of the fragments, 
and the location and type of implants. The 
presence of complications as well as the 
progression or completion of healing were 
assessed with further follow-up radio
graphs. 

Postoperative care 

During the first 24 hours after surgery, pain 
control was achieved with the adminis
tration of methadone (0.2 mg/kg by intra
muscular injection every four to six hours 
as needed). On recovery from anaesthesia, 
meloxicam (0.2 mg/kg subcutaneous injec
tion) was administered and treatment with 
meloxicam was continued (daily oral dos
ing at 0.1 mg/kg) for at least four weeks. All 
dogs were discharged into the owner's care 
within 48 hours of surgery. Early leash ex
ercise was encouraged but dogs were not 
permitted free running activity until there 
was radiographic evidence that bone heal
ing was proceeding - typically at least six 
weeks after surgery. All implants were left 
in place unless complications prompted re
moval or revision surgery. 

Conservative management 

Instructions were provided to the owners 
to continue strict rest for at least a further 
four weeks (depending on clinical progres
sion), including continuation of the non
steroidal anti-inflammatory medication. 
The importance of avoiding stairs, steps, 
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Figure 1 Medio-lateral radiographic images of the stifle of case 10. A) Prior to revision surgery: fracture of the tibial crest affecting the tine holes and 
extending caudally to the osteotomy site. B) Immediately following revision surgery: double tension band wire repair with three additional positional 
Kirschner wires. Note the transarticular external skeletal fixator used to augment the fracture repair and the metallic crimps used to secure the extracapsular 
prosthesis (CJ four weeks post-surgery. The fracture is fully healed. 

Figure 2 Media-lateral radiographic images of the stifle of case 7. A) Fracture of the tibial tuberosity 
and crest, involving the cranial cage screw and extending through the tine holes. Notice the presence of 
mineralization within the osteotomy gap consistent with osseous infilling. B) Double tension band wire 
repair with two additional positional Kirschner wires whilst maintaining the advancement cage. 

© Schattauer 2014 

slippery surfaces, and off-leash exercise 
was also emphasized. 

Post-treatment assessment 

The minimum follow-up for the conser
vatively managed cases included one physi
cal and radiographic examination approxi
mately six weeks after the initial tibial tube
rosity advancement surgery, and a tele
phone conversation with the owner at least 
six months after fracture diagnosis. Mini
mum follow-up for the surgically managed 
cases included physical and radiographic 
examinations approximately six weeks 
after revision surgery, and a further physi
cal examination approximately six weeks 
thereafter, and a telephone conversation 
with the owner at least six months after 
fracture surgery. Dogs that were presented 
for follow-up examinations were evaluated 
for lameness by observation at the walk 
and trot. The affected limb was palpated 
and manipulated for evidence of instability, 
discomfort, or crepitus, and to evaluate 
stifle joint motion. A questionnaire was 
used during the telephone conversation to 
record the presence of lameness, level of re
turn to activity, and overall satisfaction 
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fracture after tibial tuberosity 
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Summary 
Objective: To retrospectively identify factors 
that predispose to tibial tuberosity (IT) frac
ture after tibial tuberosity advancement 
(TIA) in dogs. 
Methods: The medical records and radio
graphs of a group of control dogs (n = 212) 
that had TIA surgery (n = 241 procedures) 
and did not sustain a fracture between 2008 
and 2013, and those of 12 dogs that did sus
tain a fracture (n = 13 procedures) between 
2008 and 2013 at two veterinary teaching 
hospitals were evaluated to determine the 
effect of signalment, body weight and surgi-
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Introduction 

Cranial cruciate ligament rupture remains 
one of the most common causes of hind
limb lameness in dogs. The cause and pa
thogenesis are still unclear, but mechanical, 
biological, heritable, degenerative and im
munological factors have been suggested 
(1-8). The resulting changes in tibiofemo
ral kinematics cause stifle instability, which 
leads to the development of osteoarthritis 
(9). Static and dynamic surgical techniques 
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cal inaccuracies on n fracture. Multivariable 
logistic regression was performed with the 
occurrence of n fracture as the outcome 
variable of interest. 
Results: Signalment and body weight were 
not found to be associated with n fracture. 
Of the surgical inaccuracies, osteotomy 
shape (p = 0.003), plate position (p = 0.009), 
and cage position (p = 0.039) were factors 
significantly associated with n fracture. 
Clinical significance: This study provides 
data to support the hypothesis that poor 
plate position, poor cage position, and nar
row distal osteotomy width are associated 
with n fracture after TIA. We conclude that 
it is of paramount importance to pay careful 
attention to surgical technique in order to re
duce this risk. 

Vet Comp Orthop Traumatol 2015; 28: 116-123 
http://dx.doi.org/10.341 SNCOT-14-02-0022 
Received: February 4, 2014 
Accepted: December 11 , 2014 
Epub ahead of print: February 4, 2015 

to re-stabilize the cranial cruciate ligament
deficient stifle have been reported; static 
techniques involve replacement of the 
cranial cruciate ligament, while dynamic 
techniques involve an osteotomy to neu
tralize the tibiofemoral shear force (cranial 
tibial thrust). The tibial tuberosity advance
ment is one such dynamic surgical pro
cedure that was first introduced in 2002 
(IO). It has become one of the most popular 
choices for cranial cruciate ligament rup
ture, and many reports on its use are avail-

able (I0-25). The procedure involves a 
frontal plane osteotomy of the tibial tube
rosity, which is advanced and fixed cran
ially. This alters the position of the patellar 
ligament so that it is perpendicular to the 
tibial plateau slope or, as in more recent 
studies, the tibiofemoral contact point (I 0, 
17). According to one theoretical model, 
the joint reaction force is approximately 
parallel to the patellar ligament, and it can 
be resolved into a cranially directed shear 
force and a joint compressive force (IO). 
Advancing the tibial tuberosity in this way 
will alter the direction of the joint reaction 
force such that the tibiofemoral shear force 
is neutralized (IO). 

Overall complication rates for the tibial 
tuberosity advancement procedure range 
from 19% to 59%; complications include 
meniscal tear, infection, medial patellar lu
xation, chronic poor performance, implant 
failure, and tibial fracture. Fracture of the 
tibial tuberosity postoperatively accounts 
for complications in 1 % - 4.3% of patients, 
and results in an increased morbidity and 
client expense (18-25). 

Risk factors for tibial tuberosity fracture 
after tibial plateau levelling osteotomy are 
well documented, but those for tibial tube
rosity advancement are lacking (26). Possi
ble suggested aetiologies for the develop
ment of tibial tuberosity fracture after tibial 
tuberosity advancement include reduced 
thickness of the osteotomized tibial tube
rosity, incorrect plate positioning, reduced 
osteotomy contact, large preoperative pa
tellar ligament angle, and iatrogenic dam
age to the region during surgical dissection 
(19, 22, 27, 28). However, to date, statistical 
data in support of these proposals is only 
available for preoperative patellar ligament 
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Summary 
Objective: To examine perioperative factors 
affecting surgical site infection (SSI) rate fol
lowing tibial tuberosity advancement (TTA). 
Study design: Retrospective case series. 
Sample population: 224 stifles in 186 dogs. 
Methods: Medical records of dogs that 
underwent TTA in a single institution were 
reviewed. Information on signalment, anaes
thetic and surgical parameters, as well as oc
currence of 551 was recorded. Dogs were fol
lowed for a minimum of three months post
operatively. The association between periop
erative factors and SSI was assessed using 
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Introduction 

Cranial cruciate ligament rupture is a sig
nificant cause of morbidity in dogs, leading 
to lameness, muscle atrophy and osteoar
thritis (1, 2). The underlying aetiologies of 
cranial cruciate ligament rupture are 
poorly understood and a myriad of treat
ment options have been proposed (3-8). 
There are many surgical procedures de
scribed for the management of cranial cru
ciate ligament rupture, aiming at improv
ing the stability of the stifle. In the last two 
decades, the attention has shifted from re-
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Chi-squared tests and binary logistic regres
sion. 
Results: The prevalence of SSI was 5.3% 
(12/224 TTA). Surgical time (p = 0.02) and 
anaesthesia time (p = 0.03) were signifi
cantly associated with 551. For every minute 
increase in surgical time and anaesthesia 
time, the likelihood of developing 551 in
creased by seven percent and four percent 
respectively. The use of postoperative anti
microbial therapy was not significant ly as
sociated with lower 551(p=0.719). Implants 
were removed in 1.3% of cases (3/224 TTA). 
Conclusions: The findings of this study sug
gest that increased surgical and anaesthesia 
times are significant risk factors for SSI in 
TTA, and that there is no evidence that post
operative prophylactic antimicrobial therapy 
is associated with SSI rate. 
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placement of the cranial cruciate ligament 
to providing stability through altering the 
stifle biomechanics by tibial osteotomy. 
One of the more recently developed surgi
cal techniques, the tibial tuberosity ad
vancement (TTA), has been shown to re
duce tibial translation in the cranial cru
ciate ligament-deficient stifle and provide 
good clinical outcomes (9). 

The prevalence of surgical site infection 
(SS!) in clean orthopaedic surgical pro
cedures in dogs and cats is 2.5 - 4.8% 
(10-13). Many risk factors for SS! have 
been identified including prolonged surgi-

cal time and pre-anaesthetic clipping (II). 
Previous studies have reported a SS! rate of 
2.6 - 7.2% for TTA surgery (9, 14, 15). A 
study involving tibial plateau levelling os
teotomy and extracapsular lateral suture 
showed that tibial plateau levelling osteot
omy had a significantly higher prevalence 
of SS! (8.4%) when compared to extracap
sular lateral suture (4.2%) (p = 0.01) (16). 
The study also found that skin sutures and 
postoperative prophylactic antimicrobial 
therapy were associated with a lower risk of 
SS! (16). Other studies of tibial plateau le
velling osteotomy found that an increased 
body weight and being male were associ
ated with increased risk of SS! whereas the 
Labrador Retriever breed, the use of post
operative prophylactic antimicrobial ther
apy and the application of a locking bone 
plate were associated with a lower risk of 
SS! (17-19). 

In this study, we examined the perioper
ative and postoperative factors of the TTA 
procedure that might be associated with 
SS! in a university teaching hospital. We 
also examined the association between the 
use of postoperative prophylactic anti
microbial therapy and SS! in TTA. Our 
null hypothesis was that the administration 
of postoperative prophylactic antimicrobial 
therapy was significantly associated with 
lower SS! in dogs undergoing the TTA pro
cedure. 

Materials and methods 
Data collection 
Medical records of all dogs that underwent 
TTA procedures from I September 2008 to 
30 April 2013 at the Small Animal Hospital 
at the University of Glasgow, United King
dom, were reviewed. Dogs that had bilat
eral TTA were included as two separate 
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Summary 
Objective: To retrospectively review and de
scribe the incidence of complications associ
ated with tibial tuberosity advancement 
(TTA) surgical procedures in a group of Boxer 
dogs (n = 36 stifles) and compare the data 
with a non-Boxer control population (n = 
271 stifles). 
Methods: Retrospective analysis of medical 
records to identify all dogs that underwent 
TTA surgery due to cranial cruciate ligament 
disease. These records were categorized into 
two groups: Boxer dogs and non-Boxer dogs 
(controls - all other breeds). 
Results: Of the 307 stifles included, 69 com
plications were reported in 58 joints. The 
complication rate differed significantly for 
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Introduction 
Described complication rates for tibial 
tuberosity advancement (TTA) range from 
11 % to 36% and include late meniscal in
jury, patellar luxation, bone fracture, infec-

© Schattauer 2016 

Boxer dogs (16136 stifles) and non-Boxer 
dogs (421271 stifles), corresponding to an 
odds ratio of 5.8 (confidence interval: 
1.96-17.02; p-value <0.001). Boxer dogs 
were more likely to undergo revision surgery 
and to develop multiple complications. The 
incidence of tibial tuberosity fractures requi
ring surgical repair (2136 versus 11271) and 
incisional infections requiring antibiotic 
treatment (three in each group) was signifi
cantly higher in the Boxer group. 
Clinical significance: Boxer dogs had more 
major and multiple complications after TTA 
surgery than the control non-Boxer group; 
these complications included higher rates of 
revision surgery, tibial tuberosity fractures 
requiring stabilization, and infection related 
complications. The pertinence and value of 
breed-specific recommendations for cranial 
cruciate ligament disease appears to be a 
subject worthy of fu rther investigation. 
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tion, haemorrhage, and wound dehiscence 
(1- 10). Multiple theories have been pro
posed to explain particular breed predis
position to cranial cruciate ligament dis
ease, including ultra-structural differences 
in the nature of the cranial cruciate liga-

ment and anatomical and postural vari
ations (11-17). To our knowledge, no 
studies have been performed to assess 
breed-associated variations on the nature 
and frequency of complications related to 
TTA surgery. Boxer dogs are a breed com
monly affected by cranial cruciate ligament 
disease and a previous study reported a 
higher complication rate fo llowing lateral 
fabellotibial suture when compared to 
other breeds (18). The objectives of th is 
study were to retrospectively review the 
incidence of complications of TTA surgery 
in a group of Boxer dogs, and compare the 
data with a non-Boxer population. Our 
null hypothesis was that there would be no 
difference between the Boxer and non
Boxer population regarding TTA compli
cation rates. 

Materials and methods 

Medical records were reviewed to identify 
all dogs that underwent TTA surgery due 
to cranial cruciate ligament disease be
tween June 2008 and August 2014 at the 
Small Animal Hospital of the University of 
Glasgow. A diagnosis of incompetent cran
ial cruciate ligament was determined based 
on the physical examination findings of 
hindlimb lameness and pain localized to 
the stifle joint, together with positive cran
ial drawer, tibial thrust or both, and also 
radiographic evidence of joint effusion. 
Confirmation of the ligament rupture, par
tial or complete, was achieved via medial 
parapatellar mini-arthrotomy of the stifle 
joint at the time of the TTA procedure. In
formation extracted from the medical rec
ords included signalmen!, body weight, 
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surgery date, surgeon (resident in training, 
ECVS diploma holder or board eligible sur
geon), affected limb (right or left), status of 
cranial cruciate ligament at surgery, cranial 
cruciate ligament treatment ( debridement 
of the remaining fibres), status of menisci 
at surgery, meniscal treatment, use of auto
logous cancellous bone graft at the osteot
omy site, surgical and anaesthetic times, 
perioperative medication and use of post
operative bandage, the sizes of the TTA 
cage plate and fork, complications and 
further surgical interventions. Case records 
considered grossly incomplete or where 
data regarding the six week follow-up was 
unavailable were excluded. Cases of bilat
eral cranial cruciate ligament disease where 
TTA was performed with a minimum in
terval of eight weeks were included individ
ually and analysed independently. These 
records were categorized into two groups: 
Boxer dogs and non-Boxer dogs (all other 
breeds). 

All the complications were recorded 
and classified as intra-operative, short
term ( <15 days postoperative), and long
term (2'.15 days). The complications were 
also categorized as major when the associ
ated morbidity required further medical or 
surgical treatment or both together, and 
minor when no additional surgical or 
medical treatment was required (19). 

Data analysis was conducted using two 
commercially available statistical program
s•,b. For data not normally distributed, the 
results were reported as median (mean ± 
standard deviation; range) and were com
pared using the Mann-Whitney or 
Kruskal-Wallis test as appropriate. When 
data were normally distributed a two
sample T test was used. For categorical 
data, groups were compared using the Chi
squared (X2) test for independence. For X2 

tests where the expected frequency in any 
one cell was less than five cells, a Fisher's 
exact test was used. Univariable (and 
multivariable) logistic regression was per
formed to identify if breed was associated 
with the likelihood of complications. Clus
tering within dog was accounted for by in
cluding dog as a random effect. A p-value 
<0.05 was considered statistically signifi
cant and the odds ratios calculated and 
tested for significance with a 95% CI. 

a Minitab 17 TM Statistical Software, 2010 (for 
Windows 8, 2013): Minitab Inc. , State College, PA, 

USA 
STATA SE 12.1 : StataCorp LP, College Station, 
Texas, USA 

Table 1 Descriptive data of both groups of cases with cranial cruciate disease treated with the tibial 
tuberosity advancement procedure. 

Boxers Non-Boxers p-value 

Age (years) 5.2 (5.0), 3.0- 10.0 5. 7 (6.0), 1.0-13 0.28 
mean (median), range 

Weight (kg) 32.24 (32.0), 22.0-40.3 34.40 (33.0), 14.4-79.9 0.42 
mean (median), range 

Sex n (%) 
• Male 8 (22.2) 57 (21.0) 0.83 
• Male neutered 11 (30.5) 66 (24.4) 0.42 
• Female 2 (5.6) 47 (17.3) 0.09 
• Female neutered 15 (41.7) 101 (37.3) 0.71 

Affected limb n (%) 0.82 
• Left 18(50%) 130 (48%) 
• Right 18(50%) 141 (52%) 

n =number 

Vet Comp Orthop Traumatol 1 /2016 

Results 

The database search identified 32 Boxer 
dogs and 215 non-Boxer dogs, with 307 eli
gible stifles (36 and 271 respectively). Elev
en non-Boxer dogs were excluded due to 
incomplete records (n = 2), lack of six week 
follow-up consultations (n = 8), and death 
due to gastro-intestinal ulceration and sep
tic peritonitis five days post TTA surgery 
(n = 1). The following breeds were repre
sented in the non-Boxer group: Labradors 
(71 stifles), Golden Retrievers (41 stifles), 
crossbreeds (38 stifles), Springer Spaniels 
(25 stifles), Rottweiler (15 stifles), Cocker 
Spaniels (12 stifles), Border Collie (9 
stifles), American Bulldog (7 stifles), Ger
man Shepherd and Labradoodle ( 6 stifles 
each), and five or less of the following 
breeds: Mastiff, Newfoundland, Doberm
ann, Bernese Mountain, Dalmatian, Dogue 
de Bordeaux, Husky, Akita, German Short
haired Pointer, Staffordshire Bull Terrier, 
Beagle, Bullmastiff, Great Dane, Northern 
Inuit, English Pointer, Pyrenean Mastiff, 
Russian Terrier, and Irish Soft Coated 
Wheaten Terrier. 

There were no significant differences 
between the Boxer and the non-Boxer 
groups regarding age, weight, sex distribu
tion, and affected limb (~ Table I). Four of 
the Boxer dogs and 56 of the non-Boxer 
group underwent staged bilateral TTA pro
cedures, with no significant difference be
tween groups (p = 0.17) (~Table I). 

There were no significant differences 
between groups for the presence of unilat
eral or bilateral cranial cruciate ligament 
rupture at presentation, medial meniscus 
status (intact or damaged), size of the TTA 
cages (p = 0.16), size of plate and fork (p = 
0.21), use of autologous bone graft, or sur
gical and anaesthetic times. Overall, com
plete cranial cruciate ligament rupture was 
detected in 123/207 stifles and a partial 
rupture in 84/207 with a similar distribu
tion between groups (p = 0.06) (~Table 2). 

Of the stifles for which information re
garding the debridement of the cranial cru
ciate ligament remnant was available 
(38%), debridement was performed in 12 
Boxers and 94 non-Boxers with no signifi
cant difference found between the two 
groups (p = 0.48). The recorded cranial 
cruciate ligament debridements were per-
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formed in stifles with partial cranial cru
ciate ligament rupture in seven dogs of the 
Boxers group and 23 dogs of the non
Boxers group. Cranial cruciate ligament 
debridement was performed with complete 
cranial cruciate ligament rupture in five 
Boxer stifles and 57 non-Boxer stifles. In 14 
of the non-Boxers where debridement of 
the cranial cruciate ligament was perform
ed, the status of the cranial cruciate liga
ment was unknown, and for the same 
group the remnants of the cranial cruciate 
ligament were left in situ in nine cases of 
partial rupture and in one of unknown 
status. In two Boxer stifles, information 
was unavailable regarding both the status 
of the cranial cruciate ligament and ap
proach to the ligament remnants. Medial 
meniscal injury diagnosed at the time of 
TTA surgery was treated with partial me
niscectomy in 91 non-Boxer stifles and 
eight Boxer stifles (p = 0.40). Complete 
medial meniscectomy was performed in 
two Boxer stifles and 15 non-Boxer stifles 
(p = 0.65) while medial meniscal release 
was recorded in one Boxer stifle and three 
non-Boxer stifles (p = 0.33), all with medial 
meniscal injuries. Injured medial menisci 
was associated with partial cranial cruciate 
ligament rupture in four of the 11 Boxer 
stifles and nine of the 109 non-Boxer stifles 
and complete rupture of the cranial cru
ciate ligament in seven out of 11 Boxer 
stifles and 61 of 109 non-Boxer stifles 
(.,.Table 2). 

The difference between number ofTTA 
procedures in the two groups performed by 
surgical residents in training and ECVS di
ploma holders and board eligible surgeons 
was not significant (p = 0.31). 

There was no significant difference 
found between the groups in terms of 
medication received from the time of sur
gery until discharge (.,..Table 3). Approxi
mately a quarter of the stifles in each group 
did not have a bandage applied and the re
maining cases had a modified Robert Jones 
applied overnight, with no significant dif
ference found between groups (p = 0.64) 
(.,.Table 3). 

Of the 307 stifles included in this study, 
69 complications (51 major, 12 minor, and 
six intra-operative) were reported in 58 
joints. The complication rate differed sig
nificantly between groups (p <0.001). 

© Schattauer 2016 

Table 2 
Cranial cruciate liga-
ment status at presen-
tation, joint explora-
tion, use of autologous 
bone graft, surgical 
and anaesthetic times 
by group. 

Table 3 
Details regarding the 
intra-operatively 
administered medical 
treatment, loco-
regional anaesthetic 
modalities, and pre-
scribed medication at 
time of discharge from 
the referral hospital 
per group. 

B. de Lima Dantas et al.: Complications of TTA in Boxer dogs 3 

CCLr at presentation 
(n stifles) 

• Unilateral 
• Bilateral 

CCL status 
(n stifles) 

• Partial rupture 
• Complete rupture 

Medial meniscus 
(n stifles) 

• Intact 
• Damaged 

Bone graft 
(n stifles) 

• Autologous bone 
• None 

Surgical time (min) 

• Median (range) 
• Mean± SD 

Anaesthetic time 
(min) 

• Median (range) 
• Mean± SD 

Boxers 

36 

29 
7 

34 

19 
15 

36 

25 
11 

34 

15 
19 

120 (48-190) 
117 ± 29 

205 (100-300) 
199 ± 39 

Non-Boxers 

271 

228 
43 

173 

108 
65 

271 

162 
109 

250 

111 
139 

115 (45-192) 
116 ± 26 

200 (120-315) 
200 ± 34 

p
value 

0.59 

0.06 

0.26 

0.27 

0.43 

0.90 

n = number; min = minutes; CCLr =cranial cruciate ligament rupture; CCL 
=cranial cruciate ligament. 

Boxers Non-Boxers p-value 
(n stifles) (n stifles) 

Locoregional anaesthetic modalities 

Epidural 23 / 36 136 / 271 0.15 
FSNB 10 / 36 124 / 271 0.05 
Other 3 / 36 11 /271 0.22 

Medication intra-operatively 

Antibiotic medication 0.30 
• Amoxicillin-clavulanic acid 11 /30 123 / 264 
• Cefuroxime 19 / 30 141 /264 

Analgesia 0.51 
• NSAID received 33 / 35 2611270 
• NSAID avoided 2 / 35 91270 

Medication prescribed at discharge 

Antibiotic medication 24 / 36 152 / 271 0.22 
NSAID 34 / 36 260 / 271 0.69 

FSNB =femoral and sciatic nerve block; n = number; NSAID = Non-
steroidal anti-inflammatory drugs. 
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stabilization without debridement of a par
tially ruptured cranial cruciate ligament 
has been associated with good functional 
outcome and slow progression of joint dis
ease as assessed by second look arthro
scopy (20). However in a di fferent study, 
two Boxers were persistently lame six 
weeks after tibial plateau levelling osteot
omy and lameness resolved after revision 
surgery for cranial cruciate ligament rem
nant resection and debridement (21). In 
our study, one Boxer dog with intact 
menisci at the time of initial surgery devel
oped acute persistent non-weight bearing 
lameness at 92 days post TTA. The lame
ness resolved completely following de
bridement of the cranial cruciate ligament 
remnants during a second arthrotomy 
which failed to reveal meniscal injury. The 
presence of non-debrided cranial cruciate 
ligament remnants was not detected as a 
risk factor for postoperative complications 
in our study although it might have been 
underpowered to detect such association. 

Tibial tuberosity fracture was diagnosed 
in seven stifles representing an overall inci
dence of 2.3%. The two cases documented 
in Boxer stifles required surgical revision 
leading to their classification as major 
complications according to the current 
definitions applied in this study (19). The 
same kind of fracture was recorded in five 
non-Boxer cases with only one requiring 
further treatment. The incidence of major 
tibial tuberosity fractures was significantly 
more common in the Boxers group (p = 

0.03) although the number presented here 
is small. Incisional infection-inflammation 
was the most common complication in the 
largest previously published study on TTA 
(7.6%) (5). However, the higher incidence 
of superficial infections in Boxers (22%) 
compared with non-Boxer dogs (3.7%) 
found in our study was an unexpected 
finding. A study examining risk factors for 
development of surgical site infections re
vealed that four of these 12 dogs were 
Boxers corresponding to 33% of the surgi
cal site infection cases (22). No difference 
was encountered between groups in terms 
of surgical and anaesthetic time, body 
weight, surgeon experience, and perioper
ative medication (including the use of anti
biotics) which could potentially explain 
this. Sin1ilarly, when evaluating the overall 
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infection-related complications which ac
counted for 26% of all instances, Boxer 
dogs had a 7.46 times higher risk of devel
oping this type of complication than the 
non-Boxer dogs. This greater odds ratio 
was not associated with the use of anti
biotic medication at discharge from hospi
tal. 

The timing of postoperative compli
cations was significantly shorter for dogs in 
the Boxer group. The only other study 
where Boxer dog complications were high
lighted did not offer information regarding 
the time at which they developed, and thus 
we have no means of comparison (18). One 
could speculate that Boxers are naturally 
very active and highly energetic dogs and 
perhaps more challenging to restrict during 
the recovery period. Furthermore, when 
considering that eight out of 14 (57%) 
major complications recorded in the Boxer 
dogs were infec tion-related, it could be ex
pected that these would develop relatively 
soon following surgery. In fact all of these 
in the Boxer group developed during the 
first 2.5 months, which is in agreement 
with previously reported time frame for 
surgical site infection in tibial plateau level 
ling osteotomy and lateral fabellotibial su
ture cases (23). 

Contrary to what was reported by Stein
berg and colleagues, we did not find any as
sociation between the development of 
complications and body weight nor cage 
size between groups (6). 

Our surgical revision rate was 11.7%, 
which is within the previously reported 
range of 6.19% to 14.3% (2, 3, 5, 6). Boxer 
dogs were 2.58 times more likely to require 
revision surgery with a proportion of 
22.2% for the Boxer group and 9.96% for 
the non-Boxers. We believe this is a rel
evant issue which should be discussed pre
operatively with owners of Boxer dogs with 
cranial cruciate ligament rupture. Al
though several studies have investigated 
TTA complications, none have identified 
differences between breeds. This probably 
resulted from the small number of Boxer 
dogs included in these studied samples. 
Amongst the larger studies investigating 
TTA complications between 2006 and 
2014, fewer than 13 Boxer dogs have been 
included out of 1123 dogs (l - 7). 

Boxers have been reported as a breed 
particularly prone to lymphoplasmacytic 
synovitis (24). Although the clinical rel
evance of lymphoplasmacytic synovitis in 
dogs with cranial cruciate ligament rupture 
and the true incidence of this phenomenon 
in Boxers is yet to be defined, it has been 
proposed that cell-mediated immune re
sponses have a role in cranial cruciate liga
ment rupture in dogs (25, 26). Lympho
plasmacytic synovitis has also been pro
posed to contribute to poor postoperative 
function following correction of medial pa
tella luxation, and perhaps it may also con
tribute to their higher degree of postoper
ative complications (27). 

Although suggesting Boxer-specific rec
ommendations regarding the adequacy of 
the available surgical techniques is beyond 
the scope of this paper, our Boxer TTA 
complication rate (44.4%) warrants further 
studies, ideally of prospective nature to 
draw further conclusions. It is important to 
remember that other factors may play a 
crucial role when providing specific rec
ommendations on how to treat cranial cru
ciate ligament disease. Biological, mechan
ical, conformational, anatomical, and clini
cal factors must be considered on an indi
vidual basis. 

The limitations in this study mostly 
stem from its retrospective design and 
must be considered when evaluating the 
data presented here. Information present in 
the medical records may have been incom
plete. All the cases included in the study 
were referred from general practitioners 
and some postoperative complications may 
have been detected by them without our 
knowledge. This would most likely have 
happened for minor complications as one 
would not expect referring colleagues to 
deal with major complications following 
TTA. The number of surgeons may have 
influenced the occurrence of complications 
positively or negatively due to learning 
curves and differences in perioperative 
care. The follow-up time of six months may 
have excluded a number of potential long
term complications therefore lowering the 
overall complication rate. The lack of long
term physical and radiographic examin
ation as well as objective outcome assess
ment did not allow us to comment on the 
outcome of these procedures. 
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Conclusion 

We rejected the null hypothesis and con
cluded that Boxer dogs had more compli
cations after TTA surgery than the non
Boxer population. In Boxer dogs, major 
and multiple complications were more fre
quent, surgical revision was more often 
required, and the time to complication de
velopment was shorter when compared to 
the non-Boxer population. Although 
beyond the scope of this study, the perti
nence of breed-specific recommendations 
for cranial cruciate ligament disease is a 
factor worthy of further investigation. 
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Discussion 

The increased morbidity associated with tibial tuberosity fractures following tibial 

tuberosity advancement resulted in extended convalescence of 8.5 weeks after 

surgical management and 5.14 weeks after conservative management. This outcome 

was similar to that reported for the tibial plateau levelling osteotomy complicated by 

tibial tuberosity fracture (16). 

The vast majority of the previously reported tibial tuberosity fractures associated with 

tibial tuberosity advancement were simple avulsion fractures (1, 2, 7), 23 of these 25 

avulsion fractures were incidental findings and were treated non-surgically. The 

remaining two avulsion fractures were treated with a tension band wiring technique, 

and all cases were reported as having a good outcome, although no specific clinical 

information was provided. Only one comminuted tibial tuberosity fracture has 

previously been reported (1). Surgical treatment with a tension band wiring technique 

while maintaining the cage was reported; however no specific information was 

provided. We achieved a satisfactory outcome in our case with a comminuted 

fracture despite the occurrence of a further asymptomatic tibial tuberosity fracture 

above the proximal tension band wire pin (fig 3, paper 1). 

A fracture incidence of 5.12% following the tibial tuberosity advancement procedure 

is the highest yet reported. However 5 of the 13 fractures occurred within the first 40 

cases (14% incidence) leaving an incidence of 3.74% for the 214 subsequent cases. 

This initial high incidence of tibial tuberosity fracture is probably explained by the lack 

of surgeon experience. A similar finding was reported with tibial tuberosity fracture 

after tibial plateau levelling osteotomy, where an initial higher incidence was reported 

(6.7% for the first 119 cases) (16). A recent study found that the tibial tuberosity 

advancement learning curve continues for approximately 22 procedures after which 

57 



  

           

           

    

     

 

          

            

           

      

         

        

              

          

            

             

 

         

         

               

           

 

 

            

          

           

          

    

 

mistakes decrease significantly and the overall success rate improves steadily (23). 

Based on published data reporting complication rates, these authors proposed that 

an acceptable failure rate (major complication requiring revision surgery) be set at 

15% and an unacceptable failure rate at 25%, during the initial learning curve. 

Our decision to proceed with either surgical intervention or conservative 

management was clearly influenced by the severity of clinical signs, particularly the 

lameness grade, rather than by fracture factors such us configuration and 

displacement. All four surgically treated cases were presented with a non-weight 

bearing lameness. Due to the small size of our population, it is not possible to draw 

any further definitive conclusions. However, the stability of the cranial cage screw 

may play an important role in the stability of the fractured tibial tuberosity and 

therefore the associated clinical signs. In 6/7 of the conservatively managed fractures 

the cranial cage screw appeared to be functional. In contrast, the cranial cage screw 

was involved in the fracture line, in 3/4 surgically managed cases. 

In our opinion, repair of the tibial tuberosity fracture whilst maintaining the 

advancement is a desirable goal but it could only be achieved in 2/3 of our cases. 

Failure in the third case was probably due to lack of caudal support, thus increasing 

the stress on the repair and therefore the risk of implant failure or subsequent 

fracture. 

If tibial tuberosity fracture occurs prior to mineralisation within the osteotomy gap and 

the tibial tuberosity advancement implants are removed, one approach is to stabilize 

the fractured crest fragments in their original anatomic position and perform an extra-

capsular repair. However the outcome of such an approach requires long term 

evaluation and a larger number of cases. 
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If the osteotomy gap caudal to the advancement (fig 2, paper 1) is healed, cage 

removal and stabilization of the crest fragments in their original anatomic position 

was not possible in two of our cases; therefore an attempt at tibial tuberosty fracture 

fixation whilst maintaining the tibial tuberosity advancement was made. In cases 

were the tibial tuberosity bone stock is comminuted or in exceptional circumstances 

such as a very active patient the use of a temporary transarticular external skeletal 

fixator as described previously could be considered to protect the repair (36) 

Although a double tension band construct was used in the surgically managed cases, 

we acknowledge that there is no biomechanical or clinical data supporting its use. 

The rationale behind the use of the two individual tension bands was to allow each to 

tightly conform the wire to each Kirschner wire, minimising the amount of patellar 

ligament that was compressed by the wire. 

Some degree of tibial tuberosity caudal displacement and therefore partial loss of the 

initial tibial tuberosity advancement was present in all the conservatively managed 

cases. Although the functional outcome for these dogs was graded as good or 

excellent, it is possible that their tibio-femoral shear forces were not fully neutralised. 

Our study equally provides data to support the hypothesis that the incidence of tibial 

tuberosity fracture as a complication of tibial tuberosity advancement could be 

decreased by careful attention to surgical technique and decision making. Three 

potential risk factors were found to be significantly associated with fracture of the 

tibial tuberosity; poor distal osteotomy width (<25% of the common tibial shaft width), 

poor plate position (proximal pole ≤ 5mm and distal pole ≤ 3mm from the cranial 

edge), and poor cage position (>3mm distal to the tibial plateau). 

Age and sex were found not to be significantly associated with tibial tuberosity 
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fracture, though as in previous reports, in both the fracture group and the non-

fracture group. There was also no association between body weight or obesity and 

the occurrence of tibial tuberosity fracture implant size was not related to the 

occurrence of tibial tuberosity fracture. Analysis for each fracture type was attempted 

but due to the small sample sizes no statistical significance was detected. 

A previous preliminary study by the author (IC) found the distal osteotomy width to be 

a significant predictor of postoperative tibial tuberosity fracture (17, 18), and the 

findings of our report are similar (p=0.003). The decision to look at the distal part of 

the osteotomy and not at the proximal part was based on the fact that the proximal 

width of the osteotomies were found to be of adequate size in all dogs (>1cm at the 

patellar tendon insertion), whereas the distal osteotomy widths were subjectively 

found to be significantly variable. Due to significant anatomical variation of the 

proximal tibia, particularly the patellar ligament insertion point, comparison of the 

osteotomy width to the proximal tibial width is not useful when trying to draw 

conclusions about ideal osteotomy shape (37). A high patellar tendon insertion point 

would give a wider tibial width when measuring from tibial tuberosity to the caudal 

curvature of the tibia, whilst a low insertion point would give a narrower tibial width 

(figure 6, paper 2). A previous study identified an anatomical area of the tibia 

unaffected by breed (37) and so in the preoperative radiographs, measurements 

were made to establish this common tibial shaft width (figure 1, paper 2). We 

investigated three potential risk factors for distal osteotomy width. The two recorded 

as continuous data (absolute distal osteotomy width and relative distal osteotomy 

width as a percentage of the common tibial shaft width) were not found to be 

significant, whereas the dichotomously recorded variable (distal osteotomy width 

<25% common tibial shaft width) was found to be a risk factor. The decision to set 

the width at which the osteotomy shape was no longer deemed to be acceptable at 

<25% of the common tibial shaft width was based on subjective observation by the 
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author (IC). Whilst the final statistical model indicates that a distal osteotomy width 

<25% of the common tibial shaft width is more likely to result in subsequent fracture, 

the measures recorded as continuous data did not enable us to recommend a more 

specific width below which a fracture is more likely to occur. This is likely due to lack 

of power (fracture case numbers). We hypothesize that a narrow distal osteotomy 

may result in poor purchase of the distal tines and overloading of the proximal tines, 

which could result in increased stress at the proximal part of the osteotomy and 

potentially lead to fracture. Further biomechanical research is needed to confirm this. 

Nonetheless we recommend careful planning of the osteotomy to ensure that the 

fragment is not too narrow in the transverse plane, particularly at the distal point. 

We investigated 7 potential risk factors for plate position. Only poor plate position 

recorded as a dichotomous variable was found to be related to the occurrence of 

fracture in our study (p-0.009). In relation to this variable, the difference in distance 

allowance between the proximal and distal aspect of the plate reflects the clinical 

scenario where the plate is rotated caudally at the proximal aspect to ensure that the 

plate screws are centred within the tibia. The other 6 measures detailing exact plate 

positioning were recorded as continuous data, but none were included in the final 

statistical model, therefore we are unable to provide recommendations as to the most 

appropriate position to minimize risk for tibial tuberosity fracture. This again may be 

due to low fracture case numbers. 

We postulate that placement of the plate too far caudally results in placement of the 

tines in a thinner area of cortical bone, causing a reduced tine holding strength. 

Repetitive distractive forces of the patellar tendon may cause the tines to 

‘cheesewire’ through the holes, in a similar way to screw toggle as described 

previously. Positioning of the plate as cranial as possible (the cranial border of the 

plate level with the cranial border of the tibial crest) may provide better cortical bone 
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purchase and therefore reduce the risk of fracture (Figure 7, paper 2). 

Poor cage position was the final significant factor in the final model (P = 0.033). Ideal 

cage position has been reported to be 2-3mm from the proximal tibial bone margin 

and with the cranial screw not positioned below the patella ligament insertion (2); 

positioning of the cage distal to this has been thought to leave the tibial tuberosity 

isolated without caudal support. However, this was found not to be a risk factor in 

one paper which evaluated the factors predisposing to tibial tuberosity fracture after 

tibial plateau levelling osteotomy (16). The presence of a screw hole in line with the 

tibial tuberosity may contribute to cage position being a significant factor for tibial 

tuberosity fracture because weakened bone in that area could be less resistant to the 

distractive force of the patellar ligament. We chose to record the predictor of outcome 

for cage position as dichotomous variables, where ‘poor’ represented cages that 

were placed >3mm below the tibial plateau. None of the cages on in our dataset were 

proximal to the tibial plateau therefore the consequences of cage position higher than 

this recommended level was not investigated. Our results suggest that poor cage 

positioning does increase the risk of TT fracture and therefore we recommend that 

positioning be planned and executed to the recommended guidelines. 

We had reasons for including the other radiographically identifiable potential risk 

factors in our study: 

In relation to osteotomy shape, the varied anatomy of the proximal tibia can affect the 

shape of the osteotomized bone fragment; in some dogs the tuberosity is prominent, 

whilst in others it is less prominent meaning despite adequate proximal width, the 

distal aspect of the osteotomy may become narrow. In order to compensate for this, 

often during the tibial tuberosity advancement procedure the osteotomy is cut with a 

curve distally to increase the width. We hypothesized that straight-cut osteotomies 
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would be more likely to have a narrower distal width than those which were curved, 

and thus would be more likely to subsequently fracture. However, osteotomy shape 

was not found to be significant in our study. This may be because the majority of the 

straight cut osteotomies were correctly done so on cases with prominent tibial 

tuberosities, and so were not likely to result in narrow distal widths. 

Relating to cage screw direction, it has been stated that the proximal cage screw 

should be directed in a cranio-proximally, thus maximizing cortical bone purchase (2). 

To a great extent the holding strength of a screw depends on the interlocking of the 

bone-screw interface (38). As long as the strength of the bone-screw interface 

(torque) exceeds the applied load, the screw remains stable (39). However if the 

applied load exceeds the torque, the screw begins to toggle, crushing the bone it 

contacts and so decreasing the resistance to further toggling. It is important to 

remember that the resistance to toggle depends (among other factors) on the amount 

of surface area contact between the screw and the bone, as well as the quality of the 

bone into which is inserted (39). Relating this to the tibial tuberosity advancement, if 

the cranial cage screw is inaccurately placed (poor cortical purchase), it may be 

possible for the avulsion force of the patellar ligament to exceed the torque of the 

cranial cage screw, leading to screw toggling and crushing of bone surrounding the 

cranial cage screw. This area of crushed bone could potentially then act as a stress 

riser resulting in an avulsion-type fracture or propagate to the plate and fork leading 

to a more complex fracture configuration. Surprisingly cage screw direction wasn’t 

found to be a significant factor associated with TT fracture in our study. This finding 

may be explained by the theory that the avulsion force applied by the patellar 

ligament is mainly neutralised by the tension band plate, subjecting the cranial cage 

screw to small forces that don’t exceed its torque even in the presence of poor 

cortical purchase. Further studies are warranted to ascertain what the ideal torque of 

the cranial cage screw is. 
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Contact between the osteotomy and the tibial shaft was included in the study 

because it has been proposed that securing the distal end of the plate along the tibial 

axis without obtaining bone contact at the distal end of the osteotomized tibial crest 

may lead to implant failure (2) (figure 4b, paper 2). The necessity to obtain this 

second (distal) point of contact in addition to the proximal contact with the cage was 

emphasized (2). If there were no distal contact the resultant compressive vector 

acting on the osteotomy could cause instability by creating a ‘rocking’ motion. This 

could potentially then lead to fracture through the cheesewire/toggling mechanism 

described above. In a separate preliminary study by the author (IC), contact was 

found to be a significant risk factor associated with TT fracture (17); however it was 

not a factor in the final model of this report. This apparent significance in the 

preliminary study may have been due to lower case numbers causing a type I 

statistical error. 

We hypothesized that the presence of contact between the cranial cage ear and the 

proximal plate may create screw-tine clustering. This would reduce the bone stock 

and cause a rise in stress, thus increasing the risk of fracture. However, this factor 

was not significant in multivariate analysis. 

There are other factors which could not be evaluated in our study and yet may be 

associated with TT fracture after TTA. These include iatrogenic tissue damage 

leading to vascular compromise of the TT, and avascular necrosis of the TT 

secondary to the heat generated from creating the osteotomy. Further investigation 

into these factors related to the TTA is needed. 

In this study we have also identified that surgical time is a significant factor in the 

development of SSIs in this cohort of dogs undergoing TTA surgery. Furthermore we 
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have shown that the use of post-operative PAT does not appear to influence the 

incidence of SSIs. As a result, we have rejected the null hypothesis. 

The prevalence of SSI in this study was similar to previous reports of post TTA SSIs 

(2.6 – 7.2%) (2, 8, 23). Despite this similarity, interpretation of these results should be 

performed with caution as the definition and criteria of SSI used in all the studies 

were not standardised. In this study, we have used the widely adopted definition 

outlined by the CDC (40). Adaptation of a standardised SSI definition will enable 

direct comparison of the results between various studies and eliminate this as a 

limitation of the study. 

Staphylococcus species, including multi-drug resistant strains are the most 

commonly isolated bacteria in reported TTA and TPLO SSIs (2, 8, 25, 41, 42). In 

dogs and cats, the most common isolated associated with implant-related SSIs are 

Staphylococcus species and Streptococcus species; Staphylococcus species 

accounting for 50 - 60% of infections (43). In our study, the most commonly cultured 

bacteria were Staphylococcus species, and followed by Streptococcus species. 

The prevalence of implant removal in our study was 1.3%. To author's knowledge, 

this is the first study reporting the prevalence of implant removal after TTA. In 

comparison, the reported prevalence of implant removal for TPLO ranges from 1.3 – 

8.5% (10, 25, 41, 42). Two of the stifles had implant removal due to implant 

associated SSI. The implants from one of these stifles cultured positive for Klebsiella 

pneumonia but it was not possible to determine whether the infection was introduced 

during or after surgery. Klebsiella pneumonia is not a commonly reported pathogen in 

implant associated SSI. 

SSI is a commonly reported complication in the tibial osteotomy techniques for the 
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treatment of canine cruciate disease (2, 8, 25, 44). Administration of peri-operative 

PAT is a common practice for the tibial osteotomy techniques (26, 45); the types and 

durations of PAT vary greatly between practices and surgeons. Two large 

retrospective studies have shown that post-operative PAT after cruciate ligament 

surgeries significantly reduced the incidence of SSI (24, 25). One of these involved 

only TPLO cases (24) while the other involved TPLO and ECLS equally (25). The 

significant relationship between post-operative PAT and lower SSI rate in the 

retrospective TPLO and ECLS studies stated above maybe attributed to the post-

operative PAT truly prevented infection or it reduced the identification of SSI in the 

post-operative period (46). In contrast, our study on TTA did not show a significant 

relationship between post-operative PAT and SSI. Post-operative PAT may have 

protective effects on factors that are applicable to TPLO but not to TTA, such as the 

potentially more extensive soft tissue dissection of the proximal tibia, the bulky profile 

of TPLO plates and the stainless steel property of the TPLO plates. These factors 

may contribute to dead space and may increase the risk of soft tissue complications 

(6). In contrast to stainless steel implants, titanium implants have been shown to be 

more biocompatible with tissues and are associated with lower implant associated 

infection in some studies (47,48), but not the others (49). As SSI can be augmented 

by contact necrosis of soft tissue and bone from periosteal compression (50), the 

differing degree of area of periosteal compression resulted from the application of 

bone plate between TTA and TPLO may also influence the prevalence of SSI and the 

protective effect of post-operative PAT. The biomechanical difference between TTA 

and TPLO may also explain why post-operative PAT may have a protective effect 

against SSIs in TPLO. Non-locking plate system has been associated with 

significantly higher SSIs in dogs >50kg; micro-motion and instability at the osteotomy 

site were suggested to be an important factor in this (26). In contrast, micro-motion 

across the osteotomy may not be as important a factor in TTAs as it is in TPLOs. The 

osteotomy is largely not in contact with implants or adjacent bone. However and 
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although no relation was found between technical errors and SSI further study is 

warranted to assess the micro-motion at the osteotomy site and bone-implant 

interface in TTAs. 

Majority of the published literature in human medicine show that PAT after wound 

closure in a clean surgery is unnecessary, as additional doses have not shown 

benefit (51-53). A large prospective study in cats and dogs (1010 surgical wounds 

from multiple types of surgery) also showed the lack of association of post-operative 

PAT and SSI (P = 0.266) (54). Concerns with prolonged use of post-operative PAT 

are its limited benefit in the prevention of SSI and its association with emergence of 

resistant bacterial strains (51, 55). The current recommendation of PAT in human 

orthopedic surgery is that the first dose of PAT begins within 60 minutes before 

surgical incision and be discontinued within 24 hours of the end of surgery (56). 

In our study, six stifles (3.0%) received first dose of PAT after the first surgical 

incision. There was no significant association between timing of first PAT dose and 

SSI shown in our study. This is likely to be a type II statistical error as the number of 

dogs received the PAT after the first surgical incision was small. It is advisable that 

an appropriate PAT that is effective against the likely encountered organism should 

be initiated within 60 minutes of the first surgical incision to achieve serum and tissue 

levels that exceed the minimum inhibitory concentration (56). Interestingly, some 

studies have found that the administration of intravenous PAT 4 – 30 minutes prior to 

the time of incision resulted in lower SSI (57, 58), in contrast to another study 

showing that the lower SSI was associated with administration of intravenous PAT 

between 30 – 60 minutes prior to skin incision (59). Re-administration after two half-

lives of the medication is recommended intra-operatively to ensure adequate 

concentrations of antimicrobial in the serum and tissue during the entire time that the 

surgical site is open and at risk for bacterial contamination (56, 60). 
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Half of the SSIs occurred within 14 days post-operatively, this is similar to a previous 

study on TPLO (26). The other half of the SSI ranged from 15 days to 235 days post-

operatively. The reason behind the biphasic nature of the SSI is unclear, however, 

the authors speculated that the early SSIs could be related to trauma and surgical 

contamination while the late infections could be the result of trauma, bacteria 

contamination that laid dormant for a period of time as well as remote infections (61, 

62). Further study is needed to further evaluate the pattern of SSIs in canine CCL 

surgeries and the potential influence of implant material as well as the type of 

procedures involved. 

This study showed a significant association between long surgical and anaesthesia 

times with SSI in TTAs. The finding of significant association between long surgical 

time and SSI is similar to previous studies in human and veterinary medicine (63-66). 

Prolonged surgical time is thought to significantly increase SSI through increased 

environmental contamination of the surgical wound (67). In addition, prolonged 

surgery is often associated with increased complexity of the surgery or more limited 

experience of the primary surgeon. Limited surgeon experience may increase the risk 

of surgical mistakes, which may indirectly affects the mechanical stability of the 

implants and the risk of post-operative complications, such as SSI. Implant instability 

has been associated with SSIs in TPLO in dogs (26). 

A significant association between peri-operative body temperature and SSI is not 

evident in our study despite published evidence in human medicine showing a 

significant association between peri-operative hypothermia and higher SSI rate, 

delayed suture removal and prolonged duration of hospitalization (68). 

Contrary to the null hypothesis boxer dogs undergoing TTA surgery had a 
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significantly higher overall complication rate (44.4%) than the non-boxer dogs 

(15.5%). In our study boxer dogs were 5.8 times more likely to have complications 

than the non-boxer group and it followed that boxer dogs are also at higher risk of 

developing multiple complications. Levien et al (2013) reported that boxer dogs have 

a higher overall rate of complications associated with LFS compared to other breeds 

with an OR of 5.12 and which is in agreement with our data regarding TTA surgery. 

Dogs which had an intact medial meniscus at the time of the TTA surgery were 2.63 

times more likely to develop complications. This finding was somewhat expected as 

although our overall incidence of LMI was 8.47%, which is within the reported range 

following TTA (1, 2, 7, 8, 14), it accounted for 37.7% of all the postoperative 

complications. 

It has been suggested that Boxer dogs have a significantly higher incidence of partial 

CCL disease (35), contrary to our results. Treatment of partial CCL remains highly 

controversial, particularly regarding the decision of debriding or preserving the 

ligament remnants. Early stabilisation without debridement of a partially ruptured 

CCL has been associated with good functional outcome and slow progression of joint 

disease as assessed by second look arthroscopy (69). However on a different study, 

two Boxers were persistently lame six weeks after TPLO and lameness resolved 

after revision surgery for CCL remnant resection and debridement (25). In our study 

one boxer dog with intact menisci at the time of initial surgery developed acute 

persistent non weight bearing lameness at 92 days post TTA. The lameness resolved 

completely following debridement of the CCL remnants during a second arthrotomy 

which failed to reveal meniscal injury. The presence of non-debrided CCL remnants 

was not detected as a risk factor for postoperative complications in our study 

although we might have been underpowered to detect such association. 

TT fracture was seen in seven stifles representing an overall incidence of 2.3%. The 
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two cases documented in boxer stifles required surgical revision leading to their 

classification as major complications according to the current definitions applied in 

this study (70). The same kind of fracture was recorded in five non-boxer cases with 

only one requiring further treatment. The incidence of major TT fractures was 

statistically more common in the boxers group (p= 0.03). Although the number 

presented here is small and makes difficult to ascertain why boxers are more prone 

to experience a tibial tuberosity fracture as a complication of tibial tuberosity 

advancement, we hypothesize that since boxer dogs are known to have a naturally 

narrow tibia with a no very prominent tibial tuberosity crest, we believe technical 

errors such as thin osteotomy are more likely to be present. 

Incisional infection and inflammation was the most common complication in the 

largest TTA study currently published (7.6%) (8). However the higher incidence of 

superficial infections in Boxers (22%) compared with non-boxer dogs (3.7%) found in 

our study was an unexpected finding. No difference was encountered between 

groups in terms of surgical and anaesthetic time, body weight, surgeon’s experience 

and perioperative medication (including the use of antibiotics) which could potentially 

explain this. Similarly when looking at the overall infection-related complications 

which accounted for 26% of all instances, boxer dogs had 7.46 higher risk of 

developing this type of complication than the non-boxer dogs. This greater odds ratio 

was not associated with the use of antibiotics at discharge from hospital. 

The timing of postoperative complications was statistically shorter for dogs in the 

boxer group. The only other study where boxer dogs complications were highlighted 

did not offer information regarding the time at which they developed (35) and so we 

have no mean of comparison. One could speculate that boxers are naturally very 

active and highly energetic dogs and perhaps more challenging to restrict during the 

recovery period. Furthermore when considering that 8/14 (57%) major complications 
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recorded in the boxer dogs were infection-related it could be expected that these 

would be developing relatively soon following surgery. In fact all of these in the boxer 

group developed during the first 2.5 months which is in agreement with previously 

reported time frame for surgical site infection in TPLO and LFS cases (24). 

Contrary to what was reported by Steinberg et al (2011) we found no association 

between the development of complications and body weight nor cage size between 

groups. None of the remaining signalment variables were identified as risk factors for 

complications in none of the breeds included in our study. 

Thirty-six revision surgeries were performed in 35 stifles with one Springer spaniel 

dog in the non-boxer group requiring two revision surgeries due to boisterous 

exercise in the early postoperative period. Our surgical revision rate was of 11.7% 

which is within the previously reported range of 6.19% to 14.3% (2, 7, 8, 14). Boxer 

dogs were 2.58 times more likely to require revision surgery with a proportion of 

22.2% for the boxer group and 9.96% for the non-boxers. We believe this is a 

relevant issue which should be discussed preoperatively with owners of boxer dogs 

with CCLr. Although several studies have investigated TTA complications none has 

identified differences between breeds. This is likely to result from the small number of 

Boxer dogs included in these studied samples. Amongst the larger studies 

investigating TTA complications between 2006 and 2014 (1, 2, 8, 12, 14, 15) fewer 

than 13 boxer dogs have been included out of 1123 dogs. 

Boxers have been reported as a breed particularly prone to lymphoplasmacytic 

synovitis (LPS) (71). Although the clinical relevance of LPS in dogs with CCL rupture 

and the true incidence of this phenomenon in Boxers is yet to be defined, it has been 

proposed that cell-mediated immune responses have a role in CCL rupture in dogs 

(72,73). LPS has also been proposed to contribute to poor postoperative function 
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following correction of medial patella luxation (74), and perhaps it may also contribute 

to their higher degree of postoperative complications. 

Although suggesting Boxer-specific recommendations regarding the adequacy of the 

available surgical techniques is beyond the scope of this paper our boxer TTA 

complication rate (44.4%) warrants further studies, It is important to remember that 

other factors may play a crucial role when providing specific recommendations on 

how to treat CCL disease. Biological, mechanical, conformational, anatomical and 

clinical factors must be considered on an individual basis. 
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Conclusions 

1. Tibial tuberosity fracture is a complication of tibial tuberosity advancement 

that may have a favourable prognosis although it can result in significant morbidity 

and in some cases revision surgery may be required. 

2. The severity of clinical signs was the main criterion that determined the 

treatment of choice (conservative Vs surgical). 

3. Surgical inaccuracies, specifically incorrect positioning of the plate and cage, 

and creating an osteotomy which is too narrow at the distal point, play a significant 

role in the occurrence of TT fractures. 

4. Errors during TTA are likely to be made in the early learning curve, therefore 

it is author’s opinion that the procedure should not be performed without adequate 

training and initial supervision. 

5. There is a significant association between long surgical and anaesthesia 

times with surgical site infection in TTA. 

6. The prevalence of implant removal in our study was 1.3% 

7. Prophylactic antimicrobial therapy and the presence of technical errors 

associated with tibial tuberosity fracture didn’t influence the surgical site infection 

rate. 

8. In boxer dogs, major and multiple complications (including tibial tuberosity 

fracture) were more frequent, surgical revision was more often required and the time 

to complication development was shorter when compared to the non-boxer 

population. 
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Conclusiones 

1.	 La fractura de la tuberosidad tibial es una complicación de la TTA que suele 

tener un pronóstico favorable aunque en ocasiones puede causar una 

morbilidad significativa y en algunos casos la cirugía de revisión puede ser 

necesaria. 

2.	 La gravedad de los signos clínicos es el criterio principal que determina el 

tratamiento de elección (conservador vs quirúrgico). 

3.	 Errores técnicos, específicamente posicionamiento incorrecto de la placa y la 

caja, al igual que la creación de una osteotomía que es demasiado estrecha 

en el punto distal, juegan un papel significativo en la aparición de fracturas de 

la TT como complicacion de la TTA. 

4.	 Errores técnicos en la ejecucion de la TTA se realizan mayoritariamente 

durante la curva de aprendizaje, por lo que es recomendable que el 

procedimiento no se realice sin una formación adecuada y supervisión inicial. 

5.	 Existe una asociación significativa entre los largos tiempos quirúrgicos y de 

anestesia con la infección post-quirúrgica en la TTA. 

6.	 La prevalencia de la extracción de implantes en nuestro estudio es del 1,3% 

7.	 El tratamiento antibiótico profiláctico y la presencia de errores técnicos 

asociados con la fractura de la tuberosidad tibial no influye la tasa de 

infección post-quirúrgica. 

8.	 En los perros boxer, complicaciones mas graves y múltiples (incluyendo 

fractura de la tuberosidad tibial) son más frecuentes, la revisión quirúrgica es 

a menudo más necesaria y el tiempo para desarrollar una complicacion es 

más corto en comparación con la población no-boxer. 
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