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ABSTRACT.- Arruda A.F.D.P., Muzzi L.A.L., Lacreta Junior A.C.C., Muzzi R.A.L., Sampaio G.R., 
Moreira S.H. & Mesquita L.R. 2018. Radiographic assessment of the proximal tibial 
angles in dogs and cats with and without cranial cruciate ligament rupture. Pesquisa 
Veterinária Brasileira 38(6):1190-1195. Departamento de Medicina Veterinária, Universidade 
Federal de Lavras, Av. Doutor Sylvio Menicucci 1001, Cx. Postal 3037, Kennedy, Lavras, MG 
37200-000, Brazil. E-mail: lalmuzzi@dmv.ufla.br

The influence of the proximal tibial angles in the cranial cruciate ligament (CCL) rupture 
in dogs is still controversial, and little is known regarding this topic in cats. The aim of this 
study was to evaluate and compare the angles of the proximal portion of the tibia in dogs 
and cats with and without CCL rupture. Retrospective and prospective radiographs of the 
stifle joints were obtained and divided into four groups. Group 1 was composed of 70 stifle 
joint images of dogs without orthopedic disorders (healthy dogs), group 2 had 70 stifle 
joint images of dogs with CCL rupture, group 3 had 50 stifle joint images of cats without 
orthopedic disorders (healthy cats) and group 4 had 25 stifle joint images of cats with 
CCL rupture. Radiographs were taken with the stifle joint in the mediolateral projection, 
positioned at the angle of hind limb support. Between the two groups of dogs evaluated, the 
dogs with CCL rupture had statistically greater tibial plateau angle (TPA) compared with 
healthy dogs. No difference was shown in relation to the TPA between healthy cats and cats 
with CCL rupture. In relation to the patellar ligament angle by tibial plateau method the 
values for the healthy dogs were significantly higher than those for the CCL ruptured dogs. 
Similarly, healthy cats had significantly higher mean values than cats with CCL rupture. In the 
patellar ligament angle by common tangent method there was no significantly difference 
between the two groups of dogs. Between the two groups of cats, animals with CCL rupture 
had statistically higher mean values than healthy cats. In general, the groups of dogs showed 
higher mean values than the groups of cats. For the patellar ligament insertion angle (PLIA) 
healthy dogs showed a significantly higher mean than dogs with CCL rupture. There was 
no significant difference between the groups of cats. In conclusion, the TPA and the PLIA 
possibly influence the etiology of CCL rupture in dogs but not in cats. The low patellar 
ligament angle measured by common tangent method may favorably influence the reduced 
incidence of CCL rupture in cats.

INDEX TERMS: Tibial plateau, patellar ligament, stifle joint, dogs, cats, surgery.
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RESUMO.- [Avaliação radiográfica dos ângulos da tibia 
proximal em cães e gatos com e sem ruptura do ligamento 
cruzado cranial.] A influência dos ângulos da parte proximal 
da tíbia sobre a ruptura do ligamento cruzado cranial (LCC) 
em cães é ainda controversa, e pouco é descrito sobre este 
tópico em gatos. O objetivo deste estudo foi avaliar e comparar 
os ângulos da tíbia proximal em cães e gatos, ambas as 
espécies com e sem ruptura do LCC. Foram obtidos exames 
radiográficos retrospectivos e prospectivos das articulações 
do joelho e divididos em quatro grupos: no grupo 1 foram 
incluídas 70 imagens radiográficas da articulação do joelho 
de cães sem distúrbios ortopédicos (cães saudáveis), no 
grupo 2 foram 70 imagens radiográficas articulação do joelho 
de cães com ruptura do LCC, no grupo 3 foram 50 imagens 
radiográficas da articulação do joelho de gatos sem distúrbios 
ortopédicos (gatos saudáveis), e no grupo 4 foram 25 imagens 
radiográficas articulação do joelho de gatos com ruptura do 
LCC. As imagens radiográficas da articulação do joelho foram 
obtidas na projeção mediolateral, mantendo-se a articulação 
posicionada na angulação de apoio do membro pélvico. 
Em relação ao ângulo do platô tibial (APT), os cães com ruptura 
do LCC tiveram estatisticamente maiores valores médios do 
APT quando comparados aos cães saudáveis. Não foi observada 
diferença significativa em relação ao APT entre os gatos 
saudáveis e os gatos com ruptura do LCC. Em relação ao ângulo 
do ligamento patelar mensurado pelo método do platô tibial, 
os valores médios observados para os cães saudáveis foram 
significativamente mais elevados do que os valores encontrados 
para os cães com ruptura do LCC. De forma semelhante, os 
gatos saudáveis também apresentaram valores médios mais 
elevados do que os gatos com ruptura do LCC. Para o ângulo 
do ligamento patelar mensurado pelo método da tangente 
comum, não foram observadas diferenças significativas entre 
os dois grupos de cães. No entanto, entre os dois grupos de 
gatos, os animais com ruptura do LCC apresentaram valores 
médios significativamente mais elevados do que os gatos 
saudáveis. Em geral, os grupos de cães demonstraram valores 
médios mais elevados quando comparados aos grupos de 
gatos. Em relação ao ângulo de inserção do ligamento patelar 
(AILP), os cães saudáveis apresentaram valores médios 
significativamente mais elevados do que os cães com ruptura 
do LCC. No entanto, não foi observada diferença significativa 
entre os dois grupos de gatos. Em conclusão, o APT e o AILP 
possivelmente exercem influência na etiologia da ruptura 
do LCC em cães, mas não influenciam nos gatos. Em gatos, 
os reduzidos ângulos do ligamento patelar observados pelo 
método da tangente comum podem influenciar favoravelmente 
na baixa incidência da ruptura do LCC nessa espécie.

TERMOS DE INDEXAÇÃO: Platô tibial, ligamento patelar, articulação 
do joelho, caninos, felinos, cirurgia.

INTRODUCTION
In cats, the cranial cruciate ligament (CCL) is thicker than the 
caudal cruciate ligament, while the opposite is true in dogs. This 
is assumed to be one reason for the low incidence of rupture 
of this ligament in felines compared with canines (McLaughlin 
2002, Harasen 2005). Rupture of the CCL is generally associated 
with trauma to the pelvic limb in cats (Schnabl et al. 2009, 
Perry & Fitzpatrick 2010). However, degenerative processes 
in the CCL and stifle joint have been described in some feline 

patients (Harasen 2005). Other possible reasons such as the 
anatomic conformation of the hind limbs have been little 
assessed (McLaughlin 2002, Schnabl et al. 2009).

The influence of the proximal tibial angles in the CCL rupture 
in dogs is still controversial (Arruda et al. 2015), and little is 
known regarding this topic in cats. Some studies have suggested 
that the slope of the tibial plateau may be an important 
predisposing factor for CCL rupture in dogs (Zeltzman et al. 
2005, Osmond et al. 2006, Kim et al. 2008). However, there 
are few reports on the proximal tibial angles in normal cats 
and especially in cats with CCL rupture (Schnabl et al. 2009, 
Perry & Fitzpatrick 2010). In one study, Schnabl et al. (2009) 
stated that a high tibial plateau angle (TPA) could predispose 
cats to CCL rupture.

The aim of this study was to evaluate and compare the 
proximal tibial angles between dogs and cats both with and 
without spontaneous CCL rupture. We hypothesized that 
TPA would differ between the healthy dogs and dogs with 
CCL rupture but would be similar in both groups of cats, and 
this difference in radiographic anatomy could influence the 
high prevalence of CCL rupture in dogs compared to cats.

MATERIALS AND METHODS
The study was approved by the Ethics Committee on Animal Use of 
the Institution (CEUA/UFLA 068/11). A total of 140 radiographic 
images of the stifle joints of dogs and 75 of cats were selected 
and divided into four groups. Group 1 consisted of 70 images of 
dogs without orthopedic disorders (healthy dogs) and group 2 
had 70 images of dogs with CCL rupture, group 3 had 50 images 
of cats without orthopedic disorders (healthy cats) and group 4 
had 25 images of cats with CCL rupture. Radiographic images of 
all healthy dogs and cats were obtained from a prospective study, 
thereby in groups 1 and 3 the selected healthy dogs and cats had 
average size and age similar to the groups of dogs and cats with CCL 
rupture. Radiographic images of dogs and cats with CCL rupture 
were obtained from a prospective and retrospective study, thereby 
in groups 2 and 4 the dogs and cats were of varied breeds and ages, 
and all had complete CCL rupture that was confirmed surgically.

Radiographs were obtained by standardizing the mediolateral 
projection of the stifle joint, positioned at a mean weight-bearing angle 
of 135° for dogs and 120° for cats and both with standard deviation 
accepted of ± 5°. The condyles of the femur were overlapped and the 
tibiotarsal joint was also included. The radiographs were obtained 
without tibial compression to prevent cranial displacement of the 
tibia in relation to the femur. The measurements were performed 
manually on the radiographic images.

The tibial plateau was defined by a line drawn between points 
at the cranial- and caudal-most articular margins of the medial 
tibial condyle. The TPA was established according to the standard 
method (Morris & Lipowitz 2001, Schnabl et al. 2009). The angle of 
the patellar ligament in relation to the tibial plateau and the angle 
of the patellar ligament in relation to the common tangent at the 
tibiofemoral contact point were measured according to Dennler et al. 
(2006) and Schwandt et al. (2006). The methods for obtaining the 
TPA and patellar ligament angles are demonstrated in Figure 1.

Measurement of the patellar ligament insertion angle (PLIA) 
was also measured according to Arruda et al. (2015). A first straight 
line was drawn from the site of insertion of the patellar ligament at 
the tibial tuberosity to the tibiofemoral contact point (line X), and 
a second line was drawn from the site of insertion of the patellar 
ligament at the tibial tuberosity to the most cranial aspect of the 
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patella (line Y). The angle formed at the meeting point of these 
two lines is the PLIA, as shown in Figure 1. Furthermore, the ratio 
between the lengths of the two lines (X/Y) was calculated.

All measurements were performed in a blinded manner by an 
experienced observer and intraobserver analysis was also performed. 
All data obtained for each of the variables were tested for normality 
by Kolmogorov-Smirnov and analyzed by ANOVA. When the data 
analyzed by ANOVA were significant, data were compared among 
the groups and variables by Tukey’s test. The variables that were not 

normally distributed were presented descriptively as medians and 
coefficients of variation. Differences were considered statistically 
significant when P<0.05.

RESULTS
The variables measured in this study had low levels of 
variability, with an utmost coefficient of variation of 17.41% 
for TPA measurements and a minimum coefficient of variation 

Fig.1. Radiographic images of the stifle joint in mediolateral projection of a healthy cat showing the measurements of the proximal 
tibial angles. (1A) Measurement of the tibial plateau angle (TPA). A circle was drawn over the articular surface of the talus (arrow). 
The functional axis of the tibia is defined by a line (A), drawn from the center of the intercondylar tubercles of the tibia proximally 
to the center of the talus distally. The tibial plateau was defined by a line (C) connecting the cranial and caudal aspect of the articular 
surface of the tibial condyle. The TPA was defined as the angle formed by the intersection of the tibial plateau line (C) and a line drawn 
perpendicular to the long axis of the tibia (B). (1B) Measurement of the angle of the patellar ligament in relation to the tibial plateau. 
A line was drawn on the tibial plateau (A) and another line was drawn on the cranial border of the patellar ligament (B). The angle of 
the patellar ligament in relation to the tibial plateau was defined as the angle formed by the intersection of these two lines (arrow). 
(1C) Measurement of the angle of the patellar ligament in relation to the common tangent at the tibiofemoral contact point. Two circles 
were drawn onto the radiographs; one circle represented the joint surface of the femoral condyles in the articulating area and the other 
circle outlined the area of contact on the tibial plateau. A line was drawn between the midpoints of these two circles (A), and other line 
was drawn perpendicular to the former within the tibiofemoral joint space (B). A line was drawn on the cranial border of the patellar 
ligament (C). The angle of the patellar ligament in relation to the common tangent was defined as the angle formed by the intersection 
of the lines B and C (arrow). (1D) Measurement of the patellar ligament insertion angle (PLIA). Similarly, a circle was drawn over the 
articular surface of the femoral condyles and the other circle outlined the area of contact on the tibial plateau. A line was drawn between 
the midpoints of these two circles (A). A line was drawn from the insertion site of the patellar ligament at the tibial tuberosity to the 
tibiofemoral contact point (X), and other line was drawn from the same insertion site to the most cranial aspect of the patella (Y). PLIA 
was defined as the angle formed by the intersection of the lines X and Y. 
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of 5.5% for patellar ligament angles measured by tibial plateau 
method. The intraobserver variability between days was also 
low, with a maximum value of 3.24% for the patellar ligament 
angle by common tangent at the tibiofemoral contact point.

The measured values of the TPA are shown in Table 1. 
Between the two groups of dogs evaluated, the dogs with 
CCL rupture had statistically greater TPA compared with 
healthy dogs. Between the two groups of cats, no significant 
difference was observed in the TPA. In the evaluation among 
healthy animals of both species, dogs presented smaller mean 
angles than cats.

The values found for the patellar ligament angle by tibial 
plateau method are shown in Table 2. The values for the 
group of healthy dogs were significantly higher than those 
for the group of CCL ruptured dogs. Similarly, healthy cats 
had significantly higher mean values than the group of cats 
with rupture of the CCL. In general, cats with CCL rupture 
had significantly lower mean values than the other groups.

The values measured for the angle between the patellar 
ligament and the common tangent at the tibiofemoral contact 
point are shown in Table 3. The mean values of this angle were 
not significantly different between the two groups of dogs. 
Between the two groups of cats, animals with CCL rupture 
had statistically higher values than healthy cats. In general, 
the groups of dogs showed higher mean values than the 
groups of cats.

The patellar ligament angles were compared between the 
two measurement methods used, which are the tibial plateau 
and the common tangent at the tibiofemoral contact point. 
The mean patellar ligament angles were similar between 
the two methods only in the group of cats with CCL rupture. 
In the other groups, the mean values were significantly higher 
when measured by the tibial plateau method compared to 
the common tangent.

The values obtained by calculating the ratio between the 
lengths of the two lines (X/Y) drawn to measure the PLIA are 
shown in Table 4. The ratio X/Y was significantly different 
between the groups of cats, and the mean of the group of 
healthy cats was statistically lower than the means of the 
other groups. The group of cats with CCL rupture had lower 
mean than the group of dogs with the same injury.

The values obtained for the PLIA are shown in Table 5. 
Healthy dogs showed a significantly higher mean PLIA than 
that found in dogs with CCL rupture. There was no significant 
difference between the groups of cats, but the cats had 
significantly lower mean values than those found in dogs.

DISCUSSION
In assessing the TPA, the highest value was 33° found in the 
groups of healthy cats and dogs with CCL rupture. The TPA 
in dogs can be considered excessive when exceeding 34° 
(Duerr et al. 2008), and an extreme value of 75° for the 
tibial plateau was found in one cat (Hoots & Petersen 2005). 
Maximum TPA value of 37° was observed in a CCL-ruptured 
cat (Schnabl et al. 2009). In the current study, none of the 
dogs or cats showed a TPA that was considered excessive.

By comparing the two groups of dogs, the TPA was 
significantly higher in dogs with CCL rupture, although all 
these values were near to normal considering the physiologic 
variation of the TPA in dogs (Watt 2000, Kim et al. 2008). In the 
present study, the significant difference observed between 

Table 1. Values obtained by the measurement of the tibial 
plateau angle (TPA) in healthy dogs (group 1), dogs with CCL 
rupture (group 2), healthy cats (group 3) and cats with CCL 

rupture (group 4)

Group
Mean ±

Standard
deviation (°)

Minimum 
value (°)

Maximum
value (°)

P
value CV (%)

1 20.58 ± 3.62 b 12 30 <0.01 17.41
2 24.27 ± 4.18 a 14 33
3 24.84 ± 4.05 a 16 33
4 22.72 ± 4.51 ab 13 30

a, b The means followed by different letters in the column differed 
statistically.

Table 2. Values of the patellar ligament angle obtained by 
tibial plateau method in healthy dogs (group 1), dogs with 
CCL rupture (group 2), healthy cats (group 3) and cats with 

CCL rupture (group 4)

Group
Mean ±

Standard
deviation (°)

Minimum 
value (°)

Maximum
value (°)

P
value CV (%)

1 104.95 ± 5.63 a 86 120 <0.01 5.50
2 100.24 ± 5.39 b 89 115
3 98.76 ± 4.97 b 90 112
4 92.36 ± 6.63 c 78 103

a, b, c The means followed by different letters in the column differed. 
statistically.

Table 3. Values of the patellar ligament angle obtained by 
common tangent at the tibiofemoral contact point method 
in healthy dogs (group 1), dogs with CCL rupture (group 2), 
healthy cats (group 3) and cats with CCL rupture (group 4)

Group
Mean ±

Standard
deviation (°)

Minimum 
value (°)

Maximum
value (°)

P
value CV (%)

1 98.00 ± 6.57 a 81 117 <0.01 10.42
2 97.87 ± 3.74 a 91 110
3 89.60 ± 4.53 c 67 97
4 93.16 ± 5.96 b 83 106

a, b, c The means followed by different letters in the column differed 
statistically.

Table 4. Values obtained by calculating the ratio between 
the lengths of the two lines (X/Y) drawn to measure the 
patellar ligament insertion angle (PLIA) in healthy dogs 
(group 1), dogs with CCL rupture (group 2), healthy cats 

(group 3) and cats with CCL rupture (group 4)

Group
Mean ±

Standard
deviation (°)

Minimum 
value (°)

Maximum
value (°)

P
value CV (%)

1 0.69 ± 0.05 ab 0.56 0.78 <0.01 8.16
2 0.70 ± 0.06 a 0.55 0.82
3 0.62 ± 0.05 c 0.53 0.73
4 0.66 ± 0.06 b 0.52 0.75

a, b, c The means followed by different letters in the column differed 
statistically.
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the groups of dogs highlights the possible influence of the 
TPA in the pathogenesis of CCL rupture in dogs (Morris & 
Lipowitz 2001, Haynes et al. 2015).

There was no significant difference between the two 
groups of cats evaluated in relation to the TPA. Conversely 
in another study, the TPA in normal cats were significantly 
lower than those in cats with CCL rupture; and the authors 
cited a probable influence of the TPA in ligament rupture in 
cats (Schnabl et al. 2009). However, in the current study, the 
similarity of values between the groups of cats indicates that 
the tibial plateau slope is unlikely to influence CCL rupture 
in cats, highlighting the importance of the traumatic etiology 
of ligament rupture in this species.

A normal patellar ligament angle in relation to the tibial 
plateau is approximately 105° when the stifle joint is angled 
at 135° in dogs (Kim et al. 2008). Similar values were found 
in the group of healthy dogs in the current study. When it was 
compared between the two groups of dogs and between the 
two groups of cats, the animals with CCL rupture had a lower 
mean patellar ligament angle than the healthy animals. These 
results suggest that there is a change in the patellar ligament 
position after the complete rupture of the CCL. Similarly in a 
radiographic study, the patellar ligament angle of dogs with 
ruptured CCL was significantly lower than that of normal 
dogs (Lee & Jeong 2014).

In the tibial tuberosity advancement theory for the 
treatment of CCL rupture, it is necessary to reduce the patellar 
ligament angle to approximately 90° to neutralize the cranial 
tibial thrust, with the stifle joint kept in a supporting position 
(Kim et al. 2008, Cadmus et al. 2014). In the current study, 
the patellar ligament angles from the two groups of cats 
approached the value that is considered optimal to neutralize 
these forces, especially when measured by the method of the 
common tangent at the tibiofemoral contact point. Thus, it 
can be stated that in cats, the angle of the patellar ligament 
obtained by common tangent method can favor the reduction 
of the cranial tibial thrust and possibly the annulment of 
harmful forces on the CCL.

In a previous study with dogs no statistically significant 
difference was found between the two methods of measurement 
of the patellar ligament angle. The authors cited that both 
methods can be used but indicated a preference for the 
common tangent at the tibiofemoral contact point method 
(Schwandt et al. 2006). In another study, the patellar ligament 
angle values obtained by the common tangent method were 
lower than the anatomical patellar ligament measurements 

and conversely, those obtained by conventional method were 
systematically higher (Bismuth et al. 2014). In the current 
study, the mean of these angles was significantly higher when 
obtained using the tibial plateau method compared with the 
common tangent method. It seems there is a tendency to 
overestimate the patellar ligament angles when using the 
conventional method of the tibial plateau (Drygas et al. 2010). 
However, in the present study, patellar ligament angle measures 
made by the tibial plateau method demonstrated a lower 
coefficient of variation than the common tangent method.

In the current study, with the intention to develop a more 
accurate method to evaluate the lever arm of the extensor 
mechanism, the PLIA was measured and ratio of the lengths 
of the lines (X/Y) was calculated to allow for the comparison 
of values between animals of different sizes (Arruda et al. 
2015). Theoretically, a longer patellar tendon lever arm will 
lower the required strength of the quadriceps to move the 
tibia and promote extension of the stifle joint (Boudrieau 
2009, Guerrero et al. 2011). In this study, the group of healthy 
cats demonstrated a lower mean X/Y ratio compared with 
the means of the other groups, which does not confirm the 
theory that a longer lever arm decreases stress and has a 
protective effect on the ligaments of the joint.

Regarding the PLIA, a smaller angle is believed to be 
associated with a greater force required to extend the stifle 
joint (Arruda et al. 2015), and this increased force could 
overload the patellar ligament and CCL. Given that, in the 
current study dogs with CCL rupture had a lower mean PLIA 
than that found in healthy dogs, which suggests the possible 
interference of a reduced PLIA in CCL rupture in dogs. However, 
no difference in the PLIA was observed between the groups 
of cats, which reduces the possible role of this angle in the 
etiology of CCL rupture in cats.

CONCLUSIONS
The TPA and the PLIA possibly influence the etiology of 

CCL rupture in dogs but not in cats.
The low patellar ligament angle measured by common 

tangent method may favorably influence the reduced incidence 
of CCL rupture in cats.
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