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ABSTRACT

Objective:	In	Korea,	small	dogs	are	more	common	than	large	breeds.	This	study	was	performed	
to	measure	the	influence	of	body	weight,	sex,	breed,	age,	and	cranial	cruciate	ligament	rupture	
(RCCL)	on	the	tibial	plateau	angle	(TPA)	in	small-breed	dogs.
Materials and methods:	A	total	of	274	dogs	(221	normal	dogs	and	53	RCCL	dogs)	were	selected	
for	this	study	based	on	medical	records.	The	TPA	was	measured	from	stifle	joint	radiographs.	The	
dogs	were	divided	according	to	body	weight,	sex	(male	and	female;	normal	and	neutered),	age,	
breed,	and	RCCL,	and	the	TPAs	of	the	dogs	were	compared.
Results:	In	general,	the	TPAs	of	male	dogs	were	significantly	(p	<	0.05)	higher	than	those	of	female	
dogs,	and	those	of	healthy	neutered	dogs	were	higher	than	those	of	healthy	intact	dogs.	The	TPA	
had	a	tendency	to	increase	along	with	the	animal’s	age	but	was	not	significantly	different	among	
the	four	age	groups.	In	general,	the	TPA	of	RCCL	dogs	was	27.12°	±	0.62°,	which	was	significantly	
higher	(p	<	0.001)	than	that	of	normal	dogs	(20.21°	±	0.32°),	indicating	that	an	increased	TPA	is	
associated	with	a	higher	risk	for	RCCL.	Similar	results	were	also	observed	among	dogs	with	similar	
body	weights,	breeds,	and	ages	for	male	and	female	RCCL	dogs.
Conclusion:	This	study	suggested	that	the	sex	and	neutering	status	of	dogs	could	affect	the	TPA.	
This	study	also	confirmed	the	use	of	TPA	in	the	veterinary	clinic	as	a	possible	indicator	of	RCCL,	as	
the	TPA	is	higher	in	RCCL	dogs	than	in	normal	dogs.
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Introduction

Cranial tibial thrust (CTT) is a force produced by tibial com-
pression during movement that is directed cranially and is 
neutralized by the cranial cruciate ligament (CCL) [1]. Due 
to its load bearing characteristics, the CCL is very prone 
to torsion, injury, or rupture [2]. Therefore, CCL rupture 
(RCCL) is a common cause of osteoarthritis, degenerative 
stifle joint illness, and hind limb lameness disorder in dogs.

The tibial plateau angle (TPA) plays an important role in 
force distribution during walking, as it has a strong relation-
ship with the amount of CTT produced during axial tibial 
loading [1]. The TPA is characterized as the angle between a 
line tangential to the central articular surface or intersecting 

the cranial and caudal landmarks of the medial tibial plateau 
and a line perpendicular to the mechanical long axis of the 
tibia, which is measured from a standard lateral radiographic 
image of the tibia [3]. The proximal tibia, especially caudal 
angulation of the proximal tibia, results in an abnormally 
high TPA and is associated with canine RCCL. Read et al. [4] 
first described TPA and its association with CCL injury. It was 
reported that dogs with a TPA of 22.6° or greater are prone 
to the occurrence of RCCL [5]. Interestingly, TPA may vary by 
breed due to skeletal conformation. In addition, radiographic 
positioning may lead to relative variation in the anatomic 
TPA. The normal range of TPA in normal dogs is important 
to determine the cause and severity of stifle joint disorders.
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There have been a few reports regarding TPA measure-
ment in normal dogs, and these reports have revealed con-
trasting findings, such as the TPA of normal dogs being 18.1° 
[6], 23.5° [7], and 25.0° [8]. These contrasting outcomes 
might have occurred because the breed, body weight, age, 
and other factors that may influence the TPA may not have 
been considered. Nonetheless, most of the reports of TPA 
are from large breed dogs, but the most common dog breeds 
owned by South Koreans are small-breed dogs [9–11]. 
Therefore, it is important to examine the TPA of small breed 
dogs. Sex, age, neutering status, and body weight were also 
risk factors for RCCL [12]. We hypothesized that these risk 
factors might also affect the TPA. Therefore, the objective of 
this study was to measure the TPA value by considering the 
breed, body weight, age, and other factors in small-breed 
dogs and to determine the relationship of TPA with RCCL.

Materials and Methods

Ethical approval

Normal and RCCL-diagnosed dogs were selected according 
to the medical records of three domestic veterinary hospi-
tals: Royal Animal Medical Center, Royal Dog and Cat Medical 

Center, and Seoul Animal Medical Center. The ethics commit-
tee of Royal Animal Medical Center approved this study, and 
the approval number was 19-KE-001 (01 Jan 2019).

Case selection

Records from all three institutions, from January 2017 to 
October 2019, were reviewed by searching for cases in which 
stifle joint radiographs were taken for normal dogs brought 
for a health screening test or dogs diagnosed as RCCLs. The 
diagnosis of RCCL was performed according to clinical his-
tory, clinical signs (lameness), clinical examination (sit test 
and cranial drawer sign test), and analysis of radiographic 
images and direct observation of injured CCL during sur-
gery. The TPA was measured by a diagnostic image special-
ist and surgeons. A total of 22 varieties of normal dogs (n = 
221) (Table 1) and 15 varieties of RCCL-diagnosed dogs (n 
= 53) (Table 2) were included in this study. The breed, num-
ber, sex, and neutering status of dogs were also displayed.

Radiographic technique

The dogs were positioned in lateral recumbency, and medio-
lateral radiographs (Titan 2,000 COMED Medical Systems CO. 

Table 1.	 Breeds,	number,	sex,	and	neutering	status	of	normal	dogs	(n	=	221).

Breed Varieties
Total 

number
Total 
Male

Castrated 
male

Non-castrated 
male

Total 
Female

Spayed 
Female

Non-spayed 
Female

1 Maltese 45 30 9 21 15 7 8

2 Poodle 44 27 26 1 17 8 9

3 Pomeranian 25 12 12 0 13 8 5

4 Yorkshire	terrier 14 8 4 4 6 4 2

5 Shetland	Sheepdog 14 9 4 5 5 2 3

6 Mix	dog 12 3 2 1 9 5 4

7 Chihuahua 12 4 2 2 8 0 8

8 Bichon	Frise 8 7 5 2 1 0 1

9 Schnauzer 7 3 3 0 4 4 0

10 Dachshund 6 6 4 2 0 0 0

11 Spitz 6 2 2 0 4 2 2

12 Shitzu 5 1 1 0 4 4 0

13 Pekingese 4 2 2 0 2 0 2

14 Cocker	Spaniel 4 2 2 0 2 0 2

15 Border	Collie 3 2 2 0 1 0 1

16 White	Terrier 2 2 0 2 0 0 0

17 Frown	dog 2 2 2 0 0 0 0

18 Chinese	crested	dog 2 2 2 0 0 0 0

19 Boston	terrier 2 2 2 0 0 0 0

20 Minipin 2 0 0 0 2 0 2

21 Jindo	dog 1 0 0 0 1 0 1

22 beagle 1 1 1 0 0 0 0

Total 221 127 87 40 94 44 50
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Ltd., Seoul, Korea) were performed with the tarsus and stifle 
at 90° flexion with the limb parallel to the digital image-cap-
turing device. The X-ray beam was centered over the proxi-
mal tibial diaphysis and was collimated to include the tarsus, 
entire tibia, and distal third of the femur. Superimposition 
of the femoral condyles and talar trochlea was performed 
to achieve correct rotational alignment [13]. Caudocranial 
radiographs were taken with the dog in sternal recum-
bency, and the limb extended caudally, parallel to the digital 
image-capturing device. The X-ray beam was centered over 
the proximal tibia and was collimated, similar to the medi-
olateral radiographs. The correct rotational alignment was 
achieved by superimposing the fabellae on the femoral con-
dyles with the medial aspect of the calcaneus aligned with 
the distal intermediate ridge of the tibia [14]. When there 
was a discrepancy in rotational alignment, preference was 
given to superimpose the fabellae on the femoral condyle.

Measurement of TPA

A single examiner who was unaware of the signalment of the 
dogs measured each limb for the TPA (Fig. 1). The TPAs were 
measured as described previously [15,16]. The cranial tibial 
plateau landmark was detected first as the proximal aspect 
of the cranial extent of the medial tibial plateau. Then, the 
caudal landmark was detected as the caudal extent of the 
medial tibial plateau. To determine the tibial plateau slope, 
a first line was drawn from the cranial extent to the caudal 
extents of the tibial plateau (line a). Then, a second line was 
drawn that started from the center of the intercondylar emi-
nences and ended at the center of the talus (line b). Line b 
is the long axis of the tibia on the sagittal plane. A third line 

(line c) was drawn at the intersection of the lines a and b, 
perpendicular to the tibial long axis. The TPA was calculated 
as the angle between the lines a and c. Finally, the mean of 
triplicate measures was used for statistical analysis (Fig. 1).

Table 2.	 Breeds,	number,	sex,	and	neutering	status	of	RCCL	dogs	(n	=	53).

Breed Varieties
Total 

number
Total 
Male

Castrated 
male

Non-castrated 
male

Total 
Female

Spayed 
Female

Non-spayed 
Female

1 Cocker	Spaniel 8 4 4 0 4 4 0

2 Maltese 8 7 6 1 1 0 1

3 Mix	dog 7 7 6 1 0 0 0

4 Yorkshire	terrier 6 2 1 1 4 3 1

5 poodle 6 3 3 0 3 2 1

6 Welshcock 5 5 5 0 0 0 0

7 Bichon	Frise 12 2 2 0 1 1 0

8 White	Terrier 3 2 2 0 0 0 0

9 Golden	Retriever 2 1 1 0 1 1 0

10 Jack	Russell	Terrier 2 0 0 0 1 1 0

11 Mini	pin 1 1 1 0 0 0 0

12 Chihuahua 1 0 0 0 1 1 0

13 Shitzu 1 1 1 0 0 0 0

14 beagle 1 1 1 0 0 0 0

15 Spitz 1 0 0 0 1 0 1

Total 53 36 33 3 17 13 4

Figure 1. Measurement of TPA from the radiographic represen-
tation of tibial plateau angle in normal and RCCL dog. A line con-
necting the cranial and caudal extents of the tibial plateau was 
drawn to determine the tibial plateau slope (line a). A second line 
was drawn from the center of the intercondylar eminences to the 
center of the talus (line b). Line b is the long axis of the tibia on 
the sagittal plane. A third line (line c) was drawn perpendicular 
to the tibial long axis at the intersection of the lines a and b. The 
TPA was measured as the angle between the lines a and c.
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Statistical analysis

The data are presented as the mean ± SEM, and statistical 
analysis was performed by follow-up paired sample t-test 
and Bonferroni post hoc test following one-way analysis of 
variance (ANOVA) between and among groups using Prism 
5.03 (Graph Pad Software Inc., San Diego, CA).

Results and Discussion

Influence of sex on TPA

The effects of sex on TPA were measured in this study. For 
this purpose, we evaluated the body weight and breed of 
normal dogs. In all cases, the TPA of males was higher than 
that of females. In general, the TPA of male dogs (20.76° ± 
0.44°) was significantly (p < 0.05) higher than that of female 
dogs (19.45° ± 0.46°) (Fig. 2). When we compared the TPA 
of male and female dogs with similar body weights, it was 
also found that male dogs’ TPA was significantly higher 
than that of female dogs. Likewise, the TPA of male dogs in 
the 10–25 kg BW group was significantly higher (p < 0.05) 
than that of female dogs. Similar results were also found 
when we divided the dogs according to breed (Fig. 3).

This study found a significant difference in TPA between 
male and female dogs. Conversely, one study reported that 
the medial TPA of female dogs was significantly higher than 
that of male dogs, but there was no difference in lateral TPA 
between males and females [17]. The limitation of this study 

is that large and medium breeds were included without con-
sidering body weight and breed specificity. Our study was 
conducted with only small breed dogs. However, Kim et al. 
[18] found that there was no remarkable difference in TPA 
between males and females. Therefore, we cautiously evalu-
ated other risk factors. We divided the male and female dogs 
according to body weight, age, and breed, but interestingly, 
in each case, it was found that the TPAs of the male dogs 
were significantly higher than those of female dogs. The 
actual cause remains unknown: why are male TPAs higher 
than female TPAs in small-breed dogs? Therefore, a com-
parative study of TPA-related components [1,19–21], such 

Figure 3. Influence of breeds on tibial plateau angle in normal 
dogs. The data are reported as the mean ± SEM. **p < 0.01, 
Bonferroni post hoc test following one-way ANOVA versus 
Maltese group.

Figure 2. Influence of gender on tibial plateau angle in normal dogs. The data are reported 
as the mean ± SEM. *p < 0.05, analyzed by follow-up paired sample t-test male group ver-
sus female group.
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as the femur, tibial plate, intercondylar notches, ligaments, 
and muscles of stifle joints, between male and female small-
breed dogs, is required to elucidate the underlying factors.

Influence of dog neutering on TPA

The TPA was compared between intact and neutered 
dogs from different angles. The TPA of neutered dogs was 
higher than that of intact dogs. For further confirmation, 
we divided the dogs according to sex. We found that the 
TPA of castrated males was significantly higher than that 
of normal healthy intact males. Similarly, the TPA of spayed 
females was significantly higher (p < 0.05) than that of nor-
mal healthy intact females (Table 3).

The effect of neutering on the TPA was evaluated by 
breeds and sex for further confirmation. The TPA of cas-
trated male Maltese dogs was significantly higher (p < 0.05) 
than that of intact male Maltese dogs. Similarly, the TPAs of 
all neutered male dogs were higher than those of the cor-
responding intact males (Table 4). Additionally, the TPA of 
spayed female Poodle dogs was significantly higher (p < 
0.001) than that of intact female Poodles dogs. Similarly, 
the TPAs of all spayed female dogs were higher than those 
of the corresponding intact females (Table 5). Similarly, 
the TPA of spayed females was significantly higher than 
that of intact females. Consistently, one study showed that 
among all dogs, there were higher TPAs in healthy spayed 
females and healthy castrated males than in healthy intact 
dogs [3]. Furthermore, we divided the dogs according to 
the time of neutering, and we found that the TPAs of dogs 
that were neutered after 6 months were significantly lower 
than those of dogs that were neutered prior to 6 months of 
age (Table 3). This study was also supported by a previous 
study that reported that neutering prior to 6 months of age 
could predispose dogs to excessive TPAs [22].

Dogs that are neutered before puberty are known to 
form long limbs, light bone structures, and narrow chests 
and skulls and have delayed growth plate closure due to 
the absence of gonadal hormones [20,21]. This abnormal 
growth causes a large change in body proportions and 
length of the legs and results in abnormal angles/TPA in the 
stifle and consequently increases the TPA and risk for RCCL. 
Neutered dogs and female dogs had higher occurrences of 
RCCL than intact dogs [23]. In addition, high TPA was sug-
gested as a risk factor for RCCL [6]. Our study strongly rec-
ommended that the increased TPA in neutered dogs may 
act as a predisposing factor for RCCL, and we suggest that 
early neutering is a risk factor for the development of RCCL 
as a result of increased TPA in small breed dogs.

Influence of breed on TPA

A total of 22 varieties of small-breed dogs in the normal 
dog group and 15 varieties of dogs in the RCCL group 
were selected in this study (Table 6). We also found 
some differences in the TPA depending on breed. There 

was a significant difference (p < 0.01) between Maltese 
and Pomeranians. However, when we compared the 
TPA of mixed dogs (20.72° ± 1.44°), we did not find any 

Table 3.	 Neutering	dependence	TPA	of	clinically	healthy	dogs.

Status of animal TPA

Intact 19.56	±	0.57

Neutered 20.56	±	0.39

Intact	male 20.53	±	0.81

Castrated	male 22.51	±	0.37*

Intact	female 18.84	±	0.63

Spayed	female 20.85	±	0.55*

Neutered	before	6	months	overall 22.64	±	0.43

Neutered	after	6	months	overall 21.35	±	0.46*

Neutered	before	6	months	male 23.12	±	0.47

Neutered	after	6	months	male 21.86	±	0.58*

Neutered	after	6	months	female 21.44	±	0.90

Neutered	after	6	months	female 20.34	±	0.92

The	data	are	reported	as	the	mean	±	SEM.	*p	<	0.05,	analyzed	by	follow-up	
paired	sample	t-test.

Table 4.	 Neutering	dependence	TPA	of	breed	specific	clinically	
healthy	male	dogs.

Breeds (No of intact male  
and castrated male dogs)

TPA of  
intact male 

TPA of  
castrated male

1 Maltese	(9	and	21) 20.85	±	1.12 24.05	±	0.85*

2 Yorkshire	Terrier	(4	and	4) 23.99	±	2.60 25.59	±	1.68

3 Shetland	Sheepdog	(4	and	5) 20.34	±	2.23 20.94	±	1.53

4 Bichon	Frise	(2	and	5) 21.70	±	0.98 23.06	±	1.27

5 Chihuahua	(2	and	2) 15.29	±	1.45 22.43	±	2.13

6 Dachshunds	(2	and	4) 16.26	±	0.82 17.01	±	1.03

7 Poodle	(1	and	26) 23.09 22.49	±	0.62

8 Mix	dog	(1	and	2) 16.42 26.58	±	2.58

The data are reported as the mean ± SEM. * p < 0.05, analyzed by 
follow-up paired sample t-test TPA of intact male versus TPA of castrated 
male group.

Table 5.	 Neutering	dependence	TPA	of	breed	specific	clinically	
healthy	female	dogs.

Breeds (No of intact female  
and spayed female dogs)

TPA of  
intact female 

TPA of  
spayed female

1 Poddle	(9	and	8) 14.42	±	1.78 21.86	±	1.92**

2 Maltese	(8	and	7) 19.92	±	0.89 20.90	±	1.16

3 Pomeranian	(5	and	8) 17.52	±	1.56 20.97	±	1.14

4 Shetland	Sheepdog	(2	and	3) 17.24	±	3.60 22.61	±	1.40

5 Yorkshire	Terrier	(2	and	4) 18.64	±	0.38 19.65	±	1.26

6 Mix	dog	(4	and	5) 20.59	±	2.25 21.69	±	1.13

The data are reported as the mean ± SEM. ** p < 0.01, analyzed by 
follow-up paired sample t-test TPA of intact female versus TPA of spayed 
female group.



http://bdvets.org/javar/	 	 225Seo et al./ J. Adv. Vet. Anim. Res., 7(2): 220–228, June 2020

significant differences among the three groups (Fig. 4). 
Likewise, a study comparing TPA among large-breed 
dogs with RCCL corrected with tibial-plateau-level-
ing osteotomy (TPLO) revealed that German shepherd, 
Rottweilers, Boxers and Labrador retriever breed had 
mean TPAs of 28.2°, 26.2°, 25.9°, and 25.9°, respectively 
[24]. Therefore, it can be demonstrated that TPA may 
vary depending on breed because of postural differences 
among breeds or individuals, and the standing angle of 
the stifle may vary.

Influence of cranial cruciate rupture on TPA

Interestingly, it was found that the TPA of RCCL dogs was 
significantly higher than that of the dogs in the normal 
group. Overall, the TPA of RCCL dogs was 27.12 ± 0.62°, 
which was significantly higher (p < 0.001) than that of nor-
mal dogs (20.21° ± 0.32°). The TPA of RCCL dogs in the less 
than 10 kg bodyweight group (27.02° ± 0.60°) was signifi-
cantly higher (p < 0.001) than that of normal dogs (20.16° 
± 0.34°). Likewise, the TPA of RCCL dogs in the 10–25 kg 
BW group (27.49° ± 0.64°) was significantly higher (p < 

0.001) than that of female dogs (20.60° ± 0.98°). Similar 
results were also reflected when males and females of the 
RCCL group were compared with the males and females of 
the normal dog groups. The TPAs of male (27.20° ± 1.05°) 
and female (28.08° ± 1.25°) dogs with RCCL in the less than 
10 kg BW group were significantly higher (p < 0.001) than 
those of male (20.81° ± 0.50°) and female (20.99° ± 1.04°) 
normal dogs (Fig. 4). Likewise, the TPAs of Maltese (22.42° 
± 0.80°), Poodle (21.22° ± 0.76°), Yorkshire terrier, mixed, 
Cocker spaniel, and Bichon Frise dogs were higher (p < 
0.001) than those of similar breeds in the normal group 
(Fig. 5).

In this study, the TPA comparison of 221 normal and 53 
RCCL dogs of the same breed was performed. It was found 
that the TPA significantly increased in RCCL dogs com-
pared to that in normal healthy dogs, even after consider-
ing body weight, sex, age, and breed. The CTT is directly 
proportional to the TPA [1,25,26]. Therefore, a higher TPA 
increases cranial tibial thrust and consequently increases 
the risk of RCCL. Thus, the TPA can be used as an indicator 
and predictor for early diagnosis of RCCL.

Table 6.	 Influence	of	breed	on	tibial	plateau	angle	in	normal	dogs	and	RCCL	dogs.

Normal dogs RCCL dogs

Breed varieties
Total 

number
TPA Breed varieties

Total 
number

TPA

1 Maltese 45 21.63	±	0.60° 1 Cocker	spaniel 8 28.50	±	0.61°

2 Poodle 44 19.94	±	0.79° 2 Maltese 8 28.43	±	0.82°

3 Pomeranian 25 18.79	±	0.88° 3 Mix	dog 7 28.03	±	0.30°

4 Yorkshire	terrier 14 22.80	±	1.23° 4 Yorkshire	terrier 6 25.57	±	0.43°

5 Shetland	sheepdog 14 19.88	±	1.09° 5 poodle 6 26.50	±	0.54°

6 Mix	dog 12 20.72	±	1.44° 6 Welshcock 5 25.83	±	0.18°

7 Chihuahua 12 21.09	±	0.99° 7 Bichon	Frise 3 29.34	±	0.78°

8 Bichon	Frise 8 22.86	±	0.83° 8 White	terrier 2 29.34	±	0.78°

9 Schnauzer 7 21.82	±	1.35° 9 Golden	retriever 2 18.76	±	0.73°

10 Dachshund 6 19.42	±	1.79° 10 Jack	Russell	terrier 1 28°

11 Spitz 6 18.86	±	1.71° 11 Mini	pin 1 25°

12 Shitzu 5 20.12	±	1.35° 12 Chihuahua 1 33°

13 Pekingese 4 22.23	±	1.47° 13 Shitzu 1 29.99°

14 Cocarspaniel 4 19.01	±	2.52° 14 beagle 1 21.79°

15 Border	collie 3 19.21	±	2.66° 15 spitz 1 20.21°

16 White	terrier 2 20.02	±	3.11°

17 Frown	dog 2 20.52	±	3.11°

18 Chinese	crested	dog 2 21.98	±	1.19°

19 Boston	terrier 2 17.61	±	1.68°

20 Minipin 2 15.89	±	1.01°

21 Jindo	dog 1 21.84°

22 beagle 1 24.95°
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Influence of age on TPA

In this study, an increasing tendency was observed in TPA 
as animal age increased, but there were no significant 
differences in TPAs among age groups. The TPAs of dogs 

younger than 3 years, 3–5 years, 5–10 years, and 10 years 
were 19.47° ± 0.85°, 19.79° ± 71°, 20.27° ± 41°, and 21.34° 
± 0.90°, respectively (Fig. 6). This result may partially sup-
port the theory proposed by Read et al. [4] who explained 
that the compression of the caudal site of the proximal 

Figure 4. Influence of cranial cruciate rupture on tibial plateau angle in normal and RCCL dogs with similar body 
weight. The data are reported as the mean ± SEM. ***p < 0.001, analyzed by follow-up paired sample t-test male 
group versus female group.

Figure 5. Influence of cranial cruciate rupture on tibial plateau angle in normal and RCCL dogs with similar 
breeds. The data are reported as the mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001, analyzed by follow-up 
paired sample t-test male group versus female group.
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tibial plate triggers premature closure localized to the cau-
dal, proximal tibia. This closure may eventually cause an 
excessive tibial plateau angle at an early age and, subse-
quently, an excessive CTT and RCCL [4].

Limitation

The dogs included in this study were owner-owned dogs, 
so it was not possible to compare anatomical structures 
(femur, tibial plate, intercondylar notches, ligaments, and 
muscles of stifle joints). In addition, having an equal num-
ber of animals in each group was not possible, as it was 
not an experimental study. One by one, image diagnostic 
specialists analyzed the radiographic images.

Conclusion

The present study demonstrated that the TPAs of RCCL 
dogs were significantly higher than those of normal dogs 
when dogs with similar body weights, ages, and breeds 
were compared. Therefore, increased TPA can be consid-
ered a good indicator and early diagnostic factor for RCCL 
in dogs. Thus, the TPA should be added as a new item in 
the panel (weight, body temperature, respiratory rate, 
heart rate, blood test, urinalysis, chest radiation, abdom-
inal radiation test, etc.) as a predictive factor for the RCCL 
early diagnosis test. In addition, neutering dogs predis-
pose them to RCCL by increasing TPA.

Acknowledgment 

This work was supported by the research fund of the 
Chonbuk National University and University and Brain 
Korea 21 Plus program of the National Research Foundation 
of Korea Grant.

Conflict of interests

The authors declare no conflicts of interests.

Authors’ contribution

Beom-Seok Seo, In Seong Jeong, Md. Mahbubur Rahman 
and Nam Soo Kim conceived, designed the study, analyzed 
the data, and wrote the article. Beom-Seok Seo, In Seong 
Jeong, Min Ju Kim, Zhenglin Piao, and Sehoon Kim par-
ticipated in clinical and health skinning tests of dogs and 
collected the data. In Seong Jeong and Nam Soo Kim final-
ized the article. All the authors read the final version and 
approved for publication of the data.

References
[1] Fujita Y, Hara Y, Ochi H, Nezu Y, Harada Y, Yogo T, et al. The possible 

role of the tibial plateau angle for the severity of osteoarthritis in 
dogs with cranial cruciate ligament rupture. J Vet Med Sci 2006; 
68:675–9; https://doi.org/10.1292/jvms.68.675

[2] Seo SB, Rahman MM, Jeong IS. Importance of meniscal injury diag-
nosis and surgical management in dogs during reconstruction of 
cranial cruciate ligament rupture: a retrospective study. J Adv Vet 
Anim Res 2017; 4:311–8; https://doi.org/10.5455/javar.2017.
d223

[3] Su L, Townsend KL, Au J, Wittum T. Comparison of tibial plateau 
angles in small and large breed dogs. Can Vet J 2015; 56:610–14.

[4] Read RA, Robins GM. Deformity of the proximal tibia in dogs. Vet 
Rec 1982; 111:295–98; https://doi.org/10.1136/vr.111.13.295

[5] Slocum B, Devine T. Cranial tibial thrust: a primary force in the 
canine stifle. J Am Vet Med Assoc 1983; 183:456–9.

[6] Morris E, Lipowitz AJ. Comparison of tibial plateau angles in 
dogs with and without cranial cruciate ligament injuries. J Am 
Vet Med Assoc 2001; 218:363–6; https://doi.org/10.2460/
javma.2001.218.363

[7] Caylor KB, Zumpano CA, Evans LM, Moore RW. Intra- and interob-
server measurement variability of tibial plateau slope from lat-
eral radiographs in dogs. J Am Anim Hosp Assoc 2001; 37:263–8; 
https://doi.org/10.5326/15473317-37-3-263

[8] Reif U, Dejardin LM, Probst CW, DeCamp CE, Flo GL, Johnson AL. 
Influence of limb positioning and measurement method on the 
magnitude of the tibial plateau angle. Vet Surg 2004; 33:368–75; 
https://doi.org/10.1111/j.1532-950X.2004.04053.x

[9] Statista Research Department. Most popular dog breeds in 
South Korea in 2018. Available via https://www.statista.com/
statistics/960171/south-korea-commonly-owned-dog-breeds/ 
(Accessed 25 February 2019).

[10] Jeong IS, Rahman M, Choi G, Seo B, Lee G, Kim S, et al. A retrospective 
study of canine cervical disk herniation and the beneficial effects 
of rehabilitation therapy after ventral slot decompression. Vet Med 
2019; 64:251–9; https://doi.org/10.17221/114/2018-VETMED

[11] Jeong IS, Piao Z, Rahman MM, Kim S, Kim NS. Canine thoracolum-
bar intervertebral disk herniation and rehabilitation therapy after 

Figure 6. Influence of age on tibial plateaeu angle in normal 
dogs. The data are reported as the mean ± SEM. Analyzed by 
Bonferroni post hoc test following one-way ANOVA versus 
Maltese group. Increasing tendency of TPA was found but not 
any significant differences.

https://doi.org/10.1292/jvms.68.675
https://doi.org/10.5455/javar.2017.d223
https://doi.org/10.5455/javar.2017.d223
https://doi.org/10.1136/vr.111.13.295
https://doi.org/10.2460/javma.2001.218.363
https://doi.org/10.2460/javma.2001.218.363
https://doi.org/10.5326/15473317-37-3-263
https://doi.org/10.1111/j.1532-950X.2004.04053.x
https://www.statista.com/statistics/960171/south-korea-commonly-owned-dog-breeds/
https://www.statista.com/statistics/960171/south-korea-commonly-owned-dog-breeds/
https://doi.org/10.17221/114/2018-VETMED


http://bdvets.org/javar/	 	 228Seo et al./ J. Adv. Vet. Anim. Res., 7(2): 220–228, June 2020

surgical decompression: a retrospective study. J Adv Vet Anim Res 
2019; 6(3):394–402; https://doi.org/10.5455/javar.2019.f359

[12] Buote N, Fusco J, Radasch R. Age, tibial plateau angle, sex, and 
weight as risk factors for contralateral rupture of the cranial cru-
ciate ligament in Labradors. Vet Surg 2009; 38:481–9; https://doi.
org/10.1111/j.1532-950X.2009.00532.x 

[13] Dismukes DI, Tomlinson JL, Fox DB, Cook JL, Witsberger 
TH. Radiographic measurement of of canine tibial angles 
in the sagittal plane. Vet Surg 2008; 37:300–5; https://doi.
org/10.1111/j.1532-950X.2008.00381.x

[14] Dismukes DI, Tomlinson JL, Fox DB, Cook JL, Song KJ. Radiographic 
measurement of the proximal and distal mechanical joint angles 
in the canine tibia. Vet Surg 2007; 36:699–704; https://doi.
org/10.1111/j.1532-950X.2007.00323.x

[15] Wilke VL, Conzemius MG, Besancon MF, Evans RB, Ritter M. 
Comparison of tibial plateau angle between clinically normal 
Greyhounds and Labrador Retrievers with and without rupture of 
the cranial cruciate ligament. J Am Vet Med Assoc 2002; 221:1426–9; 
https://doi.org/10.2460/javma.2002.221.1426

[16] Macias C, McKee WM, May C. Caudal proximal tibial defor-
mity and cranial cruciate ligament rupture in small-breed 
dogs. J Small Anim Pract 2002; 43:433–8; https://doi.
org/10.1111/j.1748-5827.2002.tb00009.x

[17] Sabanci SS, Ocal MK. Lateral and medial tibial plateau angles in 
normal dogs. An osteological study. Vet Comp Orthop Traumatol 
2014; 27(2):135–40; https://doi.org/10.3415/VCOT-13-04-0043

[18] Kim CS, Heo SY, Seo JW, Kim MS, Lee SH, Kim NS, et al. Measurement 
of the tibial plateau angle in normal small breed dogs. J Vet Clin 
2015; 32:0–3; https://doi.org/10.3415/VCOT-13-04-0043

[19] Kyllar M, Cizek P. Cranial cruciate ligament structure in rela-
tion to the tibial plateau slope and intercondylar notch width in 

dogs. J Vet Sci 2018; 19(5):699–707; https://doi.org/10.4142/
jvs.2018.19.5.699 

[20] Sundburg CR, Belanger JM, Bannasch DL, Famula TR, Oberbauer 
AM. Gonadectomy effects on the risk of immune disorders in the 
dog: a retrospective study. BMC Vet Res 2016; 12:278; https://doi.
org/10.1186/s12917-016-0911-5

[21] Hart BL, Hart LA, Thigpen AP, Willits NH. Long-term health effects 
of neutering dogs: comparison of labrador retrievers with golden 
retrievers. PLoS One 2014; 9:e102241; https://doi.org/10.1371/
journal.pone.0102241

[22] Duerr FM, Duncan CG, Savicky RS, Park RD, Egger EL, Palmer RH. 
Risk factors for excessive tibial plateau angle in large-breed dogs 
with cranial cruciate ligament disease. J Am Vet Med Assoc 2007; 
231:1688–91; https://doi.org/10.2460/javma.231.11.1688

[23] Taylor-Brown FE, Meeson RL, Brodbelt DC, Church DB, McGreevy 
PD, Thomson PC, et al. Epidemiology of cranial cruciate ligament 
disease diagnosis in dogs attending primary-care veterinary 
practices in England. Vet Surg 2015; 44:777–83; https://doi.
org/10.1111/vsu.12349

[24] Guastella D, Fox D, Cook J. Tibial plateau angle in four common 
canine breeds with cranial cruciate ligament rupture, and its rela-
tionship to meniscal tears. Vet Comp Orthop Traumatol 2008; 
21:125–8; https://doi.org/10.3415/VCOT-07-02-0015

[25] Aertsens A, Rincon Alvarez J, Poncet CM, Beaufrère H, Ragetly GR. 
Comparison of the tibia plateau angle between small and large dogs 
with cranial cruciate ligament disease. Vet Comp Orthop Traumatol 
2015; 28:385–90; https://doi.org/10.3415/VCOT-14-12-0180

[26] Slocum B, Slocum TD. Tibial plateau leveling osteotomy for repair 
of cranial cruciate ligament rupture in the canine. Vet Clin North 
Am Small Anim Pract 1993; 23:777–9; https://doi.org/10.1016/
S0195-5616(93)50082-7

https://doi.org/10.5455/javar.2019.f359
https://doi.org/10.1111/j.1532-950X.2009.00532.x
https://doi.org/10.1111/j.1532-950X.2009.00532.x
https://doi.org/10.1111/j.1532-950X.2008.00381.x
https://doi.org/10.1111/j.1532-950X.2008.00381.x
https://doi.org/10.1111/j.1532-950X.2007.00323.x
https://doi.org/10.1111/j.1532-950X.2007.00323.x
https://doi.org/10.2460/javma.2002.221.1426
https://doi.org/10.1111/j.1748-5827.2002.tb00009.x
https://doi.org/10.1111/j.1748-5827.2002.tb00009.x
https://doi.org/10.3415/VCOT-13-04-0043
https://doi.org/10.3415/VCOT-13-04-0043
https://doi.org/10.4142/jvs.2018.19.5.699
https://doi.org/10.4142/jvs.2018.19.5.699
https://doi.org/10.1186/s12917-016-0911-5
https://doi.org/10.1186/s12917-016-0911-5
https://doi.org/10.1371/journal.pone.0102241
https://doi.org/10.1371/journal.pone.0102241
https://doi.org/10.2460/javma.231.11.1688
https://doi.org/10.1111/vsu.12349
https://doi.org/10.1111/vsu.12349
https://doi.org/10.3415/VCOT-07-02-0015
https://doi.org/10.3415/VCOT-14-12-0180
https://doi.org/10.1016/S0195-5616(93)50082-7
https://doi.org/10.1016/S0195-5616(93)50082-7

