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A B S T R A C T
In this study, 42 adult dogs, comprised of 25 males and 17 females, with 18 different morphological types from the 
heterogeneous population were used. A total of 4 osteometric measurements of the femur and tibia were taken. 
After calculating the mean and standard deviation values   of 42 adult dogs (SPSS 21.0 program), the T-test was applied 
to observe the significance of the difference between the mean values   of both sexes. Correlations were observed 
between osteometric measurements of the femur and tibia. As a result, regression formulations were created to 
make independent estimations of both the femur “greatest breadth of the distal end” and tibia “greatest breadth of 
the proximal end”. The formulations formed had a high specificity value (R2). Hence, while sexual dimorphism was 
not observed on the measurements, the data produced in this study will contribute to the knee joint operations as 
well as to the identification of the same individual in mass burial contexts in zooarchaeological studies.
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Köpeklerin Distal Femur ve Proksimal Tibiası Arasındaki İlişkinin Morfometrik 
Değerlendirimesi

Ö Z E T
Bu çalışmada heterojen popülasyondan 18 farklı morfolojik tipe sahip 25 erkek ve 17 dişi olmak üzere 42 yetişkin köpek 
kullanıldı. Femur ve tibiadan toplam 4 osteometrik ölçüm alındı. Ortalama ve standart sapma değerleri hesaplandıktan 
sonra, her iki cinsiyetin ortalama değerleri arasındaki farkın anlamlılığını gözlemlemek için T testi uygulandı. Femur ve 
tibianın osteometrik ölçümleri arasında korelasyonlar gözlendi. Tibia’nın proximal’i ve femur’un distal’inde maximum 
genişlik ölçümleri hakkında bağımsız tahminler yapmak için regresyon formülasyonları oluşturuldu. Oluşturulan 
formülasyonlar yüksek bir özgüllük değerine (R2) sahipti. Dolayısıyla, ölçümlerde cinsel dimorfizm görülmezken, bu 
çalışmada ele edilen veriler diz eklemi operasyonlarına ve zooarkeolojik çalışmalarda toplu gömülme durumlarında 
aynı bireyin tanımlanmasında katkı sağlayacaktır.
Anahtar Kelimeler: Korelasyon, köpek, femur, morfometri, tibia 
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Introduction
Dogs have different sizes and visual morphologies, and 
skull typology has been widely used to distinguish and 
define morphological types (Stockard, 1941; Komeyli, 
1984; Brehm et al., 1985; Regedon et al., 1991; 
Onar, 1999; Onar et al., 2001). With this, long bone 
morphometry was used as the most basic element in 
determining the visual morphological characteristics 
such as body weight and shoulder height of different 
types of dogs and equations were created (Harcourt, 
1974; Anderson et al., 1985; Anyonge, 1993; Wroe et 
al., 1999; Onar, 2005; Onar and Belli, 2005). Another 
important factor affecting visual morphology is sexual 
dimorphism, which reveals the size difference between 
males and females (Nganvongpanit et al., 2017). The 
fact that dogs from Yorkshire terrier to Dobermann have 
different sizes and morphological structures has brought 
with it intraspecific polymorphism (Jouve et al., 2001). 
Therefore, most of the common orthopaedic diseases 
observed in dogs are due to physical conformation and 
genetic predisposition (Boge et al., 2019). It was argued 
that many of the orthopaedic problems of long bones 
occur in the femur and its joints, and the conformation 
and geometry of the femur in dogs was emphasized 
(Ocal et al., 2012; Kara et al., 2018). The tibia, located 
distal to the femur, has also been evaluated for many 
races, both anatomically and angularly (Sabancı and 
Ocal, 2014, 2016; Aertsens et al., 2015). The knee joint, 
in which the femur and tibia participate, is a complex 
joint both morphologically and functionally (De Rooster 
et al., 2006; Gupte et al., 2007). This joint is composed 
of articulatio femorotibialis, articulatio femoropatellaris 
and articulatio tibofibularis proximalis and includes not 
only the femur and tibia as its components, but also 
the poximal parts of the patella and fibula (Dyce et al., 
1987; Evans 1993; Bahadır and Yıldız, 2010). Articulatio 
femorotibialis, which is shaped between the condyles 
of the femur and tibia, is a ginglymus-like joint and 
carries the meniscus, which eliminates the compatibility 
between the rounded femur bone and the flat tibia 
bone plateau (Bahadır and Yıldız, 2010). The joint is also 
supported by distinctive cruciate ligaments (Dyce et 
al., 1987; Evans 1993). With this structural feature, this 
joint has been examined by many researchers in terms 
of both morphometric and angular aspects of the bones 
involved in its formation, and data that will contribute to 
clinical evaluations have been revealed (Ocal et al., 2012; 
Sabancı and Ocal, 2014, 2016; Kara et al., 2018).
In this study, using distal femur and proximal tibia 
morphometries, the relationship between these 
discordant parts of both bones was evaluated. Except 
for the angular measurements of both bones, the 
exchange of morphometric data with each other has 
been documented. Orthopedically speaking, this joint is 
a joint prone to injuries such as patella luxation, cruciate 
ligament ruptures and meniscus deformations due to 
its structural feature in dogs (Singleton, 1963; Barrett 
et al., 2009), it is of particular importance to know the 
relationship between the femur distal and tibia proximal 
extremity or end. In line with the morphometric data 
obtained, it was aimed to create the best regression 

equation to be used in possible prosthetic applications 
(Altunatmaz et al., 2019).
Material and Method
A total of 42 adult dogs, 25 male and 17 female, from 
a heterogeneous population (18 different sizes and 
skull types) were used in this study (Table 1). The femur 
and tibia bones of these dogs were used from the 
existing collections of Istanbul University-Cerrahpaşa 
Osteoarchaeology Practice and Research Centre, and the 
necessary ethics committee permission was obtained. 
(Permission of IUC Faculty of Veterinary Medicine, Unit 
Ethics Committee dated 01.07.2021 and numbered 
2021/27).
The osteometric measurements of the femur and tibia 
by von den Driesch (1976), were taken as reference and 
a digital calliper was used to take the measurements. In 
the study, a total of 4 osteometric measurements of the 
femur and tibia were taken (figure 1). A total of 2 indices 
were calculated using these measurements.
Femur measurements:
Bd- Greatest distal breadth of the distal end
SD- Smallest breadth of diaphysis
Tibia measurements:
Bp- Greatest breadth of the proximal end
SD- Smallest breadth of diaphysis
Indices (Johnstone, 2004):
Femur index= Smallest breadth of diaphysis (SD)*100/ 
Greatest distal breadth of the distal end (Bd)
Tibia index= Smallest breadth of diaphysis (SD)*100/ 
Greatest breadth of the proximal end (Bp)

Figure 1. The osteometric measurements of femur and tibia (from von 
den Driesch 1976)

SPSS 21.0 (Version 21.0, SPSS Inc., Chicago, IL, 
USA). program was used for statistical calculation of 
osteometric measurements and calculated indices. After 
calculating the mean and standard deviation values of 42 
adult dogs, T-test was applied to control the significance 
of the difference between the mean values of both 
sexes. After calculating the correlations between the 
osteometric measurements of the femur and the tibia, a 
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regression formulation was created to make independent 
estimations of both the femur “greatest distal breadth 
of the distal end” and the “greatest breadth of the 
proximal end” of the tibia. Thus, formulations thought 
to contribute to prosthesis applications were obtained. 
With these formulations, it was possible to estimate 
unknown distal femur or proximal tibia measurements 
from femur or tibia measurements. The statistical data 
obtained are presented in tables (Table 2 and 3) and the 
writing of the study was based on Nomina Anatomica 
Veterinaria (2017).
Results
In this study, the relationship between the distal femur 
and proximal tibia of dog breeds with different sizes and 
morphological appearances from the heterogeneous 
population was examined morphometrically. The femurs 
and tibias used were selected from individuals who did 
not have any bone problems. Through the statistical 
calculation, no homotypic variation was observed 

between the right and left bones of the same individual. 
For this reason, the mean values of the right and left 
bones of each individual were used. The osteometric 
measurements of the femur and tibia of these animals 
are presented in Table 2, taking into account the gender 
difference. 
The osteometric measurements and indices of male dogs 
had a higher value than females. However, no statistically 
significant differences were observed between the mean 
values of males and females.
When CV values of osteometric measurements were 
calculated, the greatest change was observed in the 
measurement of “smallest breadth of diaphysis (SD)” in 
both genders (Table 3). CV value was calculated in the 
lowest index data.
High correlations were found between the osteometric 
measurements of each bone and with other bone 
measurements (Table 4). Low correlations were found 
between the measurement of the femur “Bd” and both 

Breed Number Male Female

French Bulldog 1 0 1

German Shepherd 6 3 3

Boxer 3 2 1

Kangal 5 4 1

Crossbreed 7 3 4

Clumber Spaniel 1 0 1

Great Dane 1 1 0

Mastiff 1 1 0

St. Bernard 2 1 1

Doberman 3 1 2

Terrier 3 2 1

Cocker Spaniel 1 1 0

Rottweiler 3 2 1

Canaan Dog 1 1 0

Irish Setter 1 0 1

Pekingese 1 1 0

Pointer 1 1 0

Siberian Husky 1 1 0

Table 2. Osteometric measurements and indices of the femur and tibia

Sex Statistical Bd SD Femur index Bp SD Tibia index

MALE

Mean 36.19 15.20 41.91 39.50 15.03 38.05

n 25 25 25 25 25 25

SD 6.31 3.00 2.64 7.22 2.96 2.78

FEMALE

Mean 34.03 14.11 41.41 38.27 13.92 36.48

n 17 17 17 17 17 17

SD 4.55 2.52 3.87 5.09 1.88 2.53

Mean values in the same column are not statistically significant (P<0.05)

Table 1. Dog breeds and gender distribution
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the femur and tibia indices, which were not statistically 
significant. Although this resulted in partially significant 
correlations in the measurement of “SD” of both the 
femur and tibia, their level were quite low. There was a 
very low negative correlation, not statistically significant, 
between the “Bp” of the tibia and the tibia index. The 
following equations were obtained when regression 
analysis was performed to estimate the distal femur and 
proximal tibia measurements (Femur: Bd and Tibia: Bp) 
participating in the formation of the articulatio genus. 
The level of determination (R2) of these equations was 
quite high.
F1=1.492+(0.867*T1) (R2=0.948)
T1=0.408+(1.093*F1) (R2=0.948)
Discussion
Dog breeds, from Yorkshire terrier to Dobermann, 
have different sizes and morphological structures, and 
show intraspecific polymorphism (Jouve et al., 2001). 
Therefore, although most of the common orthopaedic 
diseases observed in dogs are due to physical 
conformation and genetic predisposition (Boge et al., 
2019), they are commonly found in the femur and its 
joints in the hind legs (Gregory et al., 1986; Knaus et al., 
2003), which constitute the driving force of the trunk. 
These diseases are also claimed to occur in hind limbs by 
some previous studies (Ocal et al., 2012; Kara et al. 2018). 
Knee joint, which is a complex one both morphologically 
and functionally (De Rooster et al., 2006; Gupte et al., 
2007), is a ginglymus-like compound joint (Dyce et al., 
1987; Evans, 1993; Bahadır and Yıldız, 2010) due to the 
distal condylar structure of the femur and the plateau of 
the tibia (Bahadır and Yıldız, 2010). This incompatibility 
is corrected by intervening menisci (Evans, 1993). In the 
study, the morphometry of the articular surfaces of the 
femur and tibia, which is most emphasized in the hind 
limbs, was evaluated. The measurement of the smallest 

width of the diaphysis of the bones was also included 
in this assessment. Thus, the morphometry of the distal 
and proximal articular surfaces, which articulate in part 
in relation to the thinness index of the bones (Johnstone, 
2004), has been associated. In these measurements, in 
which sexual dimorphism was not taken into account, 
it was observed that the CV change was the highest in 
the smallest diaphyseal widths of the bones, except for 
the measurements forming the joint. This was thought 
to be due to the fact that dog breeds of different sizes 
and morphological structures were used in the study, 
and therefore each breed had a different body structure.
It was observed that the difference between the 
measurements and indices of the femur and tibia 
between male and female individuals was not statistically 
significant. The values obtained for both genders were 
almost close to each other. Although sexual dimorphism 
refers to differences in size and form between male 
and female individuals (Nganvongpanit et al., 2017), it 
was probably due to the fact that few morphometric 
measurements of these bones did not reflect dimorphism. 
Although it was reported that breed differences, body 
weights and muscle mass should be taken into account in 
the evaluation of knee joint function using goniometric 
measurements, it was suggested that neither the gender 
of the dog nor the differences in the measured side 
affect the goniometric measurements of the knee joint 
(Sabancı and Ocal, 2016). Although information about 
the range of motion is widely used in many diseases and 
operations of the knee region (such as cruciate ligament 
injuries, partial patellectomy, total knee replacement) 
(Jandi and Schulman, 2007; Agostinho et al., 2011; 
Drygas et al. 2011; MacDonald et al., 2013; Skinnner et 
al., 2013), considering the morphometric measurements 
of the knee joint (Sabancı and Ocal, 2016), which is the 
joint most prone to orthopaedic diseases, would be 

Table 3. CV values of osteometric measurements

 Sex Bd SD Femur index Bp SD Tibia index

MALE 17.44 19.73 6.30 18.28 19.67 7.31

FEMALE 13.37 17.87 9.36 13.29 13.53 6.94

Table 4. Correlation analysis of indices with femur and tibia measurements

Measurements and 
indices

Femur Tibia

Bd SD Femur 
index Bp SD Tibia index

Bd 1.000 - - - - -

SD 0.924** 1.000 - - - -

Femur index 0.160 0.522** 1.000 - - -

Bp 0.974** 0.937** 0.250 1.000 0.917** -

SD 0.920** 0.948** 0.407** 0.917** 1.000 -

Tibia index 0.010 0.180 0.473** -0.050 0.346* 1.000

**: P<0.01; *: P<0.05
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beneficial. Total knee replacement operation is a well-
known fact in the end-stage treatment of osteoarthritis 
findings, which are formed as a result of the rupture of 
the cranial cruciate ligament (Thitiyanaporn, 2020). We 
believe that knowing the morphometric measurements 
of the femur and tibia will increase the success in the 
selection of the prosthesis to be applied in these 
operations. It will make a great contribution especially 
to the evaluations at the racial level. In line with the 
morphometric data obtained in our study, the creation 
of the best regression equation for estimating the other 
measurement from a single bone dimension for use 
in possible prosthetic applications (Altunatmaz et al., 
2019; Thitiyanaporn, 2020), is not only in terms of knee 
joint operations, but also in zoo archaeological studies. 
It will also contribute to the identification of individual 
bones. Thus, regression formulations will be available for 
individual identification from mixed burials.
Conclusion
As a result, while no sexual dimorphism was observed 
in the linear morphometric measurements and indices 
of the distal femur and proximal tibia, the level of 
determination (R2) of the regression formulas created 
using these measurements, is quite high. There are high 
correlations within and between the femur and tibia. It 
is believed that morphometry of the femur and tibia, 
which is the main element forming the knee joint, will 
contribute to the selection and creation of prosthesis 
operations such as total knee replacement.
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