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Background
Osteochondritis dissecans (OCD) or osteochondrosis 
(OC) is known as a multifactorial developmental joint 
disease which may occur in different anatomical loca-
tions such as tarsus of the immature, rapidly growing 
large and giant breed dogs. However, a disruption in the 
endochondral ossification due to a failure of matrix cal-
cification and vascular invasion [1] is considered to be 
the main pathogenesis of canine OCD/ OC [1–3]; a mis-
match in biomechanical properties and change in a joint 
loading can be the start of a cascade leading to the devel-
opment of these lesions [4–7].
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Abstract
Background Osteochondritis dissecans (OCD) and osteochondrosis (OC) are multifactorial developmental joint 
diseases that can occur in various anatomical locations, including the tarsus of immature, rapidly growing large breed 
dogs. The pathogenesis of canine OCD and OC involves a disruption in endochondral ossification, resulting in a failure 
of matrix calcification and vascular invasion. This study aimed to investigate the subchondral bone density changes in 
Labrador Retrievers with tarsocrural OCD/ OC.

Results A total of 8 dogs with unilateral tarsocrural OCD/ OC were included in the study and density was evaluated 
with Computed Tomography osteoabsorptiometry (CTOAM ). The findings revealed a significant decrease in 
subchondral bone density at the location of the OCD/ OC lesion, particularly at the medial trochlear ridge. This area of 
low density was surrounded by a higher density rim. Furthermore, the contralateral joint showed a significantly higher 
overall mineral density.

Conclusion These results highlight the significant changes in bone mineral density associated with tarsocrural 
OCD/ OC. The lower density in the affected joint suggests pathological alterations in the subchondral bone, which 
may impact the bone turnover and contribute to the development of secondary osteoarthrosis, subsequently. The 
higher density observed in the contralateral joint emphasizes the role of altered joint loading and adaptation in the 
subchondral bone.
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Though the primary pathogenesis starts from carti-
lage which is radiolucent, the extension of the lesion and 
repeated focal stress which leads to significant changes 
in the integrity and density of the underlying subchon-
dral bone. These changes of the subchondral bone can be 
detected by radiography or computed tomography (CT) 
[8, 9]. The underlying subchondral bone of a joint is char-
acterized by its mineral density, collagen content, and ash 
fraction, which determine its biomechanical properties 
[10]. These properties can change due to modeling and 
remodeling of the bones that make up the joint, which 
are guided by local strains resulting from the joint’s bio-
mechanical loading conditions. This ability to adapt is 
known as ”bone functional adaptation” [11, 12]. Among 
these properties, bone mineral density is an essential 
aspect of subchondral bone biomechanics that can be 
evaluated by CT. Despite the role of the bone density in 
presenting the biomechanics changes, there is limited 
knowledge available about the normal and abnormal sub-
chondral bone density of talus in dogs [13, 14]. Recently 
published research has focused on reporting the normal 
and age-related subchondral bone changes in the talus 
of healthy Labrador Retrievers [15]. Previous studies 
have described the normal, age-related and degenerative 
changes in subchondral bone density distribution in the 
elbow joint [13, 16, 17], this information is lacking in the 
evaluation of the talus. Additionally, as the previous stud-
ies [17, 18] presented the increased subchondral bone 
mineral density measured in CT may be both a cause and 
an effect of OCD/ OC, the present study is designed to 
describe the subchondral bone density changes in Labra-
dor Retrievers, as the predisposed breed to talar OCD/ 
OC [15, 19]. We hypothesized that the that the subchon-
dral bone density changes will be significantly different 
between the affected limbs and unaffected limbs. The 
specific aims of this study are:

1. To evaluate changes in subchondral bone 
density in Labrador Retrievers with tarsocrural 
osteochondrosis using CT imaging.

2. To describe potential differences in bone density 
between affected and unaffected limbs within the 
same dog.

Results
A total of eight dogs underwent a CT examination after 
clinical and radiographic diagnoses of unilateral OCD/ 
OC of tarsus. The age at the time of diagnosis ranged 
from 8 to 21 months (mean 13 months). Among the 
dogs, there were 5 males and 3 females. Two dogs had the 
advantage of having a follow-up CT available at 11 and 
14 months after undergoing arthroscopic treatment for 
the OC lesion. These additional data were included in the 
study, as they presented an opportunity to assess changes 

in density distribution following arthroscopic treatment 
of tarsocrural OC lesions.

The mean density of the lesion was reported as 
612.6 ± 88.4  mg HA/cm 3 (mean ± SD) in all affected 
joints, a noticeable pattern emerged where there was 
a lower density observed at the specific location of the 
OC lesion, specifically at the level of the medial troch-
lear ridge. This area of reduced density was surrounded 
by a ring of increased density (Fig. 1). The proximal view 
provided the clearest visualization of the lesion due to its 
location on the proximal aspect of the medial trochlear 
ridge.

The density of the trochlear ridge was measured 
780.7 ± 39.8 mg HA/cm 3 (mean ± SD) in the contralateral 
normal joint. When comparing the mean subchondral 
bone density between the affected joint and the contra-
lateral normal joint, a statistically significant difference 
was observed (P-value of 0.001). The affected joint exhib-
ited a significantly lower mean subchondral bone density 
compared to its contralateral apparently normal coun-
terpart without clinical and radiographic signs of OCD/ 
OC.

Additionally, analysis of the subchondral bone density 
distribution in the contra-lateral normal joint showed 
the presence of two density peaks located at the proxi-
mal medial trochlear ridge and the distal lateral trochlear 
ridge in both proximal and dorsal views.

The evaluation of subchondral bone density distri-
bution overtime revealed notable differences between 
the two time points. Specifically, at the location of the 
subchondral bone defect, there was a reduction in the 
difference between the low-density defect and the high-
density area surrounding it. In one of the dogs, there 
was a decrease in the mean subchondral bone density 
observed in the affected joint (Fig.  2). Conversely, the 
other dog exhibited an increase in mean subchondral 
bone density. In both dogs, the contralateral normal 
limb displayed an increase in both mean and maximum 
density (Fig.  3). These findings highlight the dynamic 
nature of subchondral bone density changes following 
arthroscopic treatment of tarsocrural OC lesions.

Discussion
The present study revealed a significant decrease of the 
subchondral bone density at the location of the OCD/ OC 
particularly at the medial trochlear ridge which was sur-
rounded by a higher density rim. Additionally, theoverall 
mean subchondral bone densityin the affected joint was 
lower compared to the contralateral normal side. These 
findings support our hypothesis, as we observed distinct 
alterations in bone mineral density associated with tar-
socrural OCD. Therefore, and the study confirmed that 
subchondral bone density changes can occur overtime in 
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affected joints, potentially influencing disease progres-
sion and joint adaptation.

A consistent observation across all affected joints in 
this study was the presence of a region with low apparent 
density, surrounded by a high-density area. This finding 
aligns with the characteristic subchondral bone defect 
associated with osteochondrosis with a sclerotic rim 
around the lesion, which can even be visible on radio-
graphs in severe cases. These findings are in line with 
previous studies [2, 22] describing the CT characteristics 
of the OCD/ OC and the importance of the densitometry 
in evaluation of the intraarticular changes.

Additionally, previous in vitro experiments on bovine 
knees have demonstrated that as the size of a subchon-
dral bone defect increases, the contact area around the 
defect adopts a rim-shaped pattern and expands. This 
finding aligns with our results, where we observed a 
higher-density rim surrounding the OCD/OC lesion. The 
formation of this rim-shaped contact area may reflect an 
adaptive response to altered load distribution, further 
supporting the relationship between mechanical stress 
and subchondral bone density changes in affected joints 
[23].

It is intriguing to note that changes in subchondral 
bone density distribution are not confined to the affected 

Fig. 1 Densitograms of the right and left talus of a Labrador Retriever with medial trochlear ridge tarsocrural osteochondrosis on the left side. Note the 
appearance of the osteochondrosis lesion and the overall difference in density between the affected and the contralateral joint. L: left, R: right
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joint alone. In the contralateral tarsocrural joint, which 
was assessed as normal, both the maximum density 
and mean density were significantly higher than those 
observed in the affected joint. Tarsocrural osteochondro-
sis leads to lameness in the hind limbs, thereby altering 
joint kinematics and loading patterns. These altered load-
ing conditions result in adaptive changes in the subchon-
dral bone through modeling and remodeling processes 
[24, 25]. Specifically, lameness caused by tarsocrural 
osteochondrosis is characterized by a shorter stance 
phase in the affected limb, leading to a longer stance 
phase and increased loading of the contralateral leg.

These changes in loading can result in increased bone 
mineral density [26, 27] and the development of scle-
rotic areas as the bone adapts to the increased stress. 
Over time, these sclerotic areas may contribute to the 
development of secondary osteoarthritis due to altered 
biomechanics and increased joint stress. Therefore, 
understanding these pathophysiological changes in bone 
mineral density is crucial, as it may provide insights into 
the progression of osteochondrosis and the subsequent 
development of osteoarthritis. Based on Wolff’s law, 
bone adapts to the loads placed upon it by altering its 
density and structure [28]. Therefore, a reduction in bone 
mineral density and attenuation may indicate changes in 

Fig. 2 Densitogram of the talus of a Labrador with tarsocrural osteochondrosis of the medial trochlear ridge (MTRT-OC). On the left the subchondral 
bone density distribution at the time of diagnosis (A and C), on the right 14 months post-operatively (B and D). A and B: 3D reconstruction of the proximal 
view. C and D: 3D reconstruction of the dorsal view
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the load distribution within the osseous structures of the 
subchondral bone under normal physiological conditions 
[28]. In other words, alterations in bone mineral density, 
which result in altered attenuation, can be seen as adap-
tive responses of the bone to changes in mechanical stress 
or load [25, 29]. This alteration of the density may present 
as a decrease or increase in the attenuation in computed 
tomography. A computed tomographic study quantify-
ing the attenuation of the medial coronoid process sug-
gested overall lower bone density [16, 30]. Humphreys et 
al. (2022) showed a significantly lower attenuation in the 
medial coronoid process in dogs with medial coronoid 

disease (MCD) compared with dogs without evidence of 
MCD; however, this finding had no relationship with the 
severity of the clinical signs [31].

In the context of compensatory contralateral joint load-
ing, the changes observed in subchondral bone density 
align with Wolff’s law. When one limb is affected by tar-
socrural osteochondrosis, leading to lameness, the con-
tralateral limb undergoes increased mechanical stress 
due to compensatory weight-bearing. This increased 
stress triggers adaptive responses in the subchondral 
bone, leading to higher density and potentially sclerotic 
areas in the contralateral joint [25]. This phenomenon is 

Fig. 3 Densitogram of the contralateral of the talus of a Labrador with tarsocrural osteochondrosis of the medial trochlear ridge (MTRT-OC). On the left 
the subchondral bone density distribution at the time of diagnosis (A and C), on the right 14 months post-operatively (B and D). A and B: 3D reconstruc-
tion of the proximal view. C and D: 3D reconstruction of the dorsal view
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supported by studies demonstrating that increased joint 
loading results in enhanced subchondral bone density 
[25]. The increased loading on the contralateral limb 
leads to an increase in subchondral bone mineral den-
sity as an adaptive response to the altered biomechanical 
environment, reinforcing the hypothesis of compensa-
tory contralateral joint loading.

Furthermore, evidence from studies on other joints, 
such as the medial coronoid process, indicates that 
altered mechanical loading due to disease conditions 
can lead to significant changes in subchondral bone 
density and attenuation [13, 14, 16]. While these stud-
ies primarily focus on the affected joint, they underscore 
the broader principle that bones remodel in response 
to mechanical stress, supporting the notion that similar 
adaptive processes occur in the contralateral joints of 
dogs with tarsocrural osteochondrosis [16]. This aligns 
with our observation of higher subchondral bone den-
sity in the contralateral tarsocrural joint, emphasizing the 
role of compensatory mechanisms in response to altered 
gait and loading patterns.

While these kinetics of lameness are commonly under-
stood, the data presented in this study demonstrate the 
morphological consequences at the level of the subchon-
dral bone plate. This highlights one of the significant 
advantages of using CTOAM in the field of canine ortho-
paedic research: its ability to reveal and track morpholog-
ical changes over time, enabling longitudinal evaluation 
of subchondral bone density.

In the present study, the subchondral bone density was 
obtained using CTOAM, a tool that enables the assess-
ment of joint response to load and identification of 
regional changes. While global decreases in overall sub-
chondral bone density would be unexpected in clinically 
healthy animals, it is important to note that CTOAM pat-
terns can vary when a joint with altered contact mechan-
ics responds to a standardized load [20]. However, 
changes in the joint biomechanics and repetitive micro-
trauma are considered as the causes of the OCD/ OC 
[2]. Changes of the normal biomechanics of the joint as a 
consequence of the OCD/ OC can accelerate the degen-
erative changes [18] and result in the subchondral density 
changes [21]. The main limitation of the present study is 
its retrospective nature. Therefore, while this study pro-
vides valuable insights, it is essential to consider its ret-
rospective design when interpreting the findings and 
drawing conclusions. Further research using prospective 
study designs and rigorous methodologies would be ben-
eficial to confirm and expand upon these findings.

Another notable limitation of this study is the small 
sample size, which was inherently constrained by the ret-
rospective nature of the study and the reliance on refer-
ral cases. As a retrospective study, we were limited to the 
available clinical records and imaging data of Labrador 

Retrievers diagnosed with tarsocrural osteochondrosis at 
our referral centre. This restriction resulted in a smaller 
cohort than what might be ideal for broader generaliza-
tion of the findings.

The small sample size may impact the statistical power 
of the study, potentially limiting the ability to detect sub-
tle differences or correlations. Although we conducted a 
power analysis to ensure that the study could detect sig-
nificant effects within the available sample, the results 
should be interpreted with caution. The findings pro-
vide valuable preliminary insights but necessitate valida-
tion through larger, prospective studies to confirm the 
observed trends and to enhance the robustness of the 
conclusions.

Additionally, the use of referral cases might introduce a 
selection bias, as these cases often represent more severe 
or atypical presentations of the condition, potentially 
skewing the results. This limitation underscores the need 
for further research involving a larger and more diverse 
population to fully understand the subchondral bone 
density changes in Labrador Retrievers with OCD/ OC 
and to verify the compensatory mechanisms in contralat-
eral joints.

Based on the previously reported studies in the human 
and veterinary medicine [32, 33], an increase in bone 
density would be expected to enhance its compressive 
strength which may explain the increased density of the 
subchondral bone in the contralateral normal joint as a 
response to increased compensatory loading conditions.

As previously reported in animals affected by medial 
coronoid disease, a reduction in bone density can be a 
result of abnormal remodeling of the subchondral bone 
[34]. This condition disrupts the normal process of endo-
chondral ossification in the calcifying zone of the artic-
ular cartilage, leading to weakened areas between the 
hyaline cartilage and subchondral bone [35]. The repeti-
tive strain caused by weight-related factors contributes 
to the formation of microfractures in the bone [36]. In 
healthy conditions, these microfractures would trigger 
physiological bone remodeling, with osteoclasts remov-
ing damaged tissue and osteocytes promoting new bone 
formation [36–38].

The present study has some limitations that should be 
considered. Firstly, the retrospective design of the study 
limits the control over data collection and introduces 
potential biases. Furthermore, the absence of a control 
group of normal dogs prevents direct comparisons of 
subchondral bone density between affected and unaf-
fected joints. Additionally, because the follow-up control 
was conducted only in two dogs, the results should not 
be regarded as a definitive outcome. Instead, this topic 
should be noted as a subject for further evaluations and 
research designs. The study also lacks an assessment of 
the correlation between density changes and the severity 
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of clinical signs, which could provide valuable insights 
into the clinical relevance of the observed bone den-
sity alterations. However, the radiographic examination 
of the joint is normally performed in clinically affected 
dogs. It remains uncertain whether OCD/ OC can exist 
in a sound state without clinical manifestations and, sub-
sequently, without obvious radiographic and CT changes. 
Therefore, the results presented in the current research 
should only be extended to clinically affected dogs. These 
limitations highlight the need for larger prospective 
studies with control groups and comprehensive clinical 
evaluations to further investigate the subchondral bone 
density changes in tarsocrural OCD/ OC and their clini-
cal implications.

Conclusion
In conclusion, a significant change in the subchondral 
bone mineral density should be expected in the canine 
tarsocurral joint affected with OCD/ OC as a cause or 
result of the lesion. Additionally, significant higher min-
eral density should be expected in the contralateral joint 
possibly as a consequence of change in the load balance 
and weight-bearing.

Materials and methods
Study population
An initial population of Labrador Retriever assistance 
dogs, which were presented at the Faculty of Veterinary 

Medicine, Ghent University, Ghent, Belgium from 2014 
to 2017 for computer tomographic examination of the 
elbow and tarsal joints for screening of elbow dysplasia 
and tarsocrural osteochondrosis was included in this 
study. The study was approved by the ethical committee 
of the Faculty of Veterinary Medicine, Ghent University 
(approval nr. EC2011/193 and EC2014/186). The dogs 
were supplied by an assistance dog training organisation. 
A written owner consent was obtained in each case.

The study had a retrospective design which dogs diag-
nosed with unilateral tarsocrural osteochondrosis of 
the medial trochlear ridge (MTRT-OC) were included 
(Fig. 4). The inclusion criteria required complete ortho-
pedic and CT examination, while dogs with only one 
tarsus examined by CT were excluded. If follow-up CT 
examinations were available for any of the cases, they 
would be included in the evaluation to assess changes 
over time.

Image acquisition
All CT examinations were done under general anesthe-
sia, using an IV bolus of 2 mg/kgBW propofol (Propovet, 
Schering-Plough, Comazzo, Italy) and intubated. Anes-
thesia was maintained with isoflurane (IsoFlo, Abbott 
Laboratories, Queensborough, UK) in 100% oxygen. CT 
scans were performed by a four-slice scanner (Lightspeed 
Qx/I, General Electric Medical Systems, Milwaukee, WI) 
using 120 kVp, 300  mA, 1.2  mm thickness collimated 

Fig. 4 Transverse (A), sagittal (B) and dorsal (C) reconstructed image of a medial tarsocrural osteochondrosis lesion (white arrows). Multiple detached 
fragments can be seen
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with overlap of 50% from distal part of the tibia/fibula to 
the toes. The images were reconstructed with a bone and 
a soft tissue reconstruction algorithm.

The scans were performed with the dogs positioned in 
ventral recumbency and left and right tarsal joints were 
scanned simultaneously, according to patient protocol 
and previous publications with the tarsal joints in exten-
sion [15, 21]. The optimal positioning was confirmed on 
the laterolateral and dorsoplantar scout view. The entire 
acquisition process, including positioning, took approxi-
mately five minutes. A calibration phantom (Bone Den-
sity Calibration Phantom, QRM GmbH, Germany) was 
placed between the scanning table and the tarsal joints as 
a density reference standard.

Image analysis
CT images of the included cases were exported in 
DICOM format to the Analyze 11.0 software (Biomedi-
cal Imaging Resource, Mayo Foundation, Rochester, 
MN, USA) to complete the CTOAM workflow, as illus-
trated in Fig.  5 and is previously reported by the same 
authors [15]. Initially, the talus was segmented using the 
software’s segmentation algorithm. Two different three-
dimensional (3D) views of the trochlear ridges were then 
reconstructed based on these segmented images (Fig. 6). 
The proximal view was reconstructed first, and the dor-
sal view was obtained by rotating the proximal view 

backward by approximately 90 degrees. This method 
enabled a thorough evaluation of the entire proximal 
talar subchondral bone, including both the lateral and 
medial trochlear ridges (Fig.  6). Subsequently, the sub-
chondral bone plate of the articulating surface was iso-
lated and reconstructed in the same orientations.

The maximum bone density was projected onto the 
articular surface using a maximum intensity projection 
(MIP). In this step, the 3D data volume (in voxels) of the 
subchondral bone plate is converted into a 2D image (in 
pixels), with each pixel representing the maximum value 
based on Hounsfield Units (HU). This value is obtained 
from the voxels along a line perpendicular to each pixel 
in the 2D image. The length of this line, or the MIP depth, 
was determined by the thickness of the subchondral bone 
plate and was set to 1.5 mm. The mean density was calcu-
lated accordingly from the HU of the included pixels. The 
MIP view was then transformed into a false color scale, 
where the HU range of 200 to 1200 was divided into 100 
HU intervals, each represented by a different color. The 
colors, in descending order, were black, dark red, light 
red, orange, yellow, dark green, light green, dark blue, 
light blue, and white. This process resulted in a densito-
gram (Figs. 5 and 6), which displays lines of equal density 
(isodensities). The densitogram visually represents the 
apparent density distribution and was further analyzed.

Fig. 5 The Computed Tomography osteoabsorptiometry (CTOAM) workflow. Segmentation (isolation) of the talus bone on transverse images (A), 3D 
reconstruction of the dorsal view (B), and the MIP with false-colour scale visualizing the distribution of the subchondral bone density on a dorsal view 
of the talus (C)
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For quantification purposes, the density values (in HU) 
were converted to 8-bit values, creating 256 density val-
ues, which were then evenly distributed into eight bins 
according to the literature [36]. Each bin contained 32 
density values. A density maximum was defined as an 
area with density values in the two highest density bins 
of the densitogram. To compare individual subchondral 
bone density distributions, a 30 × 30 unit grid was super-
imposed on the densitogram of both the proximal and 
dorsal views of the trochlear ridges. The grid edges were 
positioned to ensure the entire joint surface fit within. 
The number of units in each grid remained constant to 
standardize the coordinates of the density maxima. The 
x- and y-coordinates were used to describe the location 
of the density maxima on the joint surface.

Furthermore, the size of the density maximum was 
expressed as a ratio of the area of the density maximum 
to the joint surface area in both the proximal and dorsal 
views, defined as the maximum area ratio (MAR). The 
use of MAR allows a relative comparison between indi-
viduals, and accounts for size-differences. MAR was cal-
culated as follows:

MAR = number of pixels of the density maximum ÷ pix-
els of the total joint surface

Considering the potential influence of joint loading 
on the subchondral bone density distribution, it was 
acknowledged that the contralateral joint might also 
experience changes despite the presence of a unilateral 
osteochondral (OC) lesion. Therefore, densitograms were 
created for both the affected joint and the contralateral 

joint in order to capture the density distribution in both 
cases.

For dogs that underwent follow-up CT studies, the 
mean density and maximum density were compared 
between the affected joint and the contralateral joint at 
both time points.

Statistics
Statistical analysis was performed using SPSS (version 
19.0; IBM, Chicago, USA). The mean and maximum 
density values obtained from both the affected and con-
tralateral joints were compared. To ensure the statisti-
cal validity of the analysis, the data was first assessed for 
normality using the Shapiro-Wilk test. Subsequently, a 
paired Student’s t-test was performed to further evaluate 
the data. A significance level of P < 0.05 was set to deter-
mine statistically significant differences between the two 
sets of measurements.

Abbreviations
CTOAM  Computed Tomography osteoabsorptiometry
MCD  Medial coronoid disease
MTRT-OC  Tarsocrural osteochondrosis of the medial trochlear ridge
OC  Osteochondrosis
OCD  Osteochondritis dissecans

Acknowledgements
Not applicable.

Author contributions
YV, WD, MMG, EL, HB, IG: contributed to the conception, design of the work 
and data acquisition, analyzed and interpreted the patient data, were a major 
contributor in writing the manuscript, substantively revised the manuscript. 
All authors read and approved the final manuscript.

Fig. 6 Three-dimensional reconstruction of the tarsal and metatarsal bones of the right foot, medial view. Line of sight for the two 3D reconstructions 
that are reconstructed from the segmented images, proximal view (green) and dorsal view (blue). The use of these two views provides full visualisation of 
the trochlear ridges with the typical distribution shown for the proximal (right) and dorsal (left) view

 



Page 10 of 11Vali et al. BMC Veterinary Research          (2025) 21:252 

Funding
Research funded by a Ph.D. grant of the Agency for Innovation by Science and 
Technology (IWT).

Data availability
The data are available and will be provided by the corresponding author with 
a reasonable request

Declarations

Ethic approval and consent to participate
The study was approved by the ethical committee of the Faculty of Veterinary 
Medicine, Ghent University (approval nr. EC2011/193 and EC2014/186). The 
dogs were supplied by an assistance dog training organisation. An owner’s 
written informed consent was obtained in each case

Consent for publication
Not applicable

Competing interests
The authors declare no competing interests.

Received: 14 November 2023 / Accepted: 17 March 2025

References
1. Ekman S, Carlson CS. The pathophysiology of osteochondrosis. Veterinary 

Clin North America: Small Anim Pract. 1998;28(1):17–32.
2. Ytrehus B, Carlson CS, Ekman S. Etiology and pathogenesis of osteochondro-

sis. Vet Pathol. 2007;44(4):429–48.
3. Richardson DC, Zentek J. Nutrition and osteochondrosis. Veterinary clinics of 

North America: small animal practice. 1998;28(1):115–35.
4. Frost HM. The Utah paradigm of skeletal physiology: an overview of its 

insights for bone, cartilage and collagenous tissue organs. J Bone Miner 
Metab. 2000;18:305–16.

5. Turner CH. Three rules for bone adaptation to mechanical stimuli. Bone. 
1998;23(5):399–407.

6. Athanasiou KA, Niederauer GG, Schenck RC. Biomechanical topography of 
human ankle cartilage. Ann Biomed Eng. 1995;23:697–704.

7. Schenck RC Jr, Goodnight JM. Current concept review-osteochondritis dis-
secans. JBJS. 1996;78(3):439–56.

8. Muhlbauer MC, Kneller SK. Musculoskeleton. Radiography of the dog and cat: 
guide to making and interpreting radiographs.Wiley; 2024. p. 191. Jan 24.

9. Gielen IM, De Rycke LM, van Bree HJ, Simoens PJ. Computed tomography of 
the tarsal joint in clinically normal dogs. Am J Vet Res. 2001;62(12):1911–5.

10. Van der Meulen MC, Jepsen KJ, Mikić B. Understanding bone strength: size 
isn’t everything. Bone. 2001;29(2):101–4.

11. Ruff C, Holt B, Trinkaus E. Who’s afraid of the big bad Wolff?Wolff’s law and 
bone functional adaptation. Am J Phys Anthropology: Official Publication Am 
Association Phys Anthropologists. 2006;129(4):484–98.

12. Rayfield EJ. Finite element analysis and understanding the biomechanics 
and evolution of living and fossil organisms. Annu Rev Earth Planet Sci. 
2007;35:541–76.

13. Dickomeit MJ, Böttcher P, Hecht S, Liebich HG, Maierl J. Topographic and 
age-dependent distribution of subchondral bone density in the elbow joints 
of clinically normal dogs. Am J Vet Res. 2011;72(4):491–9.

14. Samii VF, Les CM, Schulz KS, Keyak JH, Stover SM. Computed tomographic 
osteoabsorptiometry of the elbow joint in clinically normal dogs. Am J Vet 
Res. 2002;63(8):1159–66.

15. Dingemanse W, Müller-Gerbl M, Jonkers I, Vander Sloten J, van Bree H, Gielen 
I. Subchondral bone density distribution of the talus in clinically normal 
Labrador retrievers. BMC Vet Res. 2016;12(1):1–7.

16. Villamonte-Chevalier A, Dingemanse W, Broeckx BJ, Van Caelenberg A, Agut 
A, Duchateau L, van Bree H, Gielen I. Bone density of elbow joints in Labrador 
retrievers and golden retrievers: comparison of healthy joints and joints with 
medial coronoid disease. Vet J. 2016;216:1–7.

17. Mostafa A, Nolte I, Wefstaedt P. The prevalence of medial coronoid process 
disease is high in lame large breed dogs and quantitative radiographic 

assessments contribute to the diagnosis. Vet Radiol Ultrasound. 
2018;59(5):516–28.

18. Gielen I, Van Ryssen B, Coopman F, van Bree H. Comparison of subchondral 
lesion size between clinical and non-clinical medial trochlear ridge Talar 
osteochondritis dissecans in dogs. Veterinary Comp Orthop Traumatol. 
2007;20(01):08–11.

19. Van der Peijl GJ, Schaeffer IG, Theyse LF, Dijkshoorn NA, Schwencke M, Haze-
winkel HA. Osteochondrosis dissecans of the Tarsus in Labrador retrievers: 
clinical signs, radiological data and force plate gait evaluation after surgical 
treatment. Veterinary Comp Orthop Traumatol. 2012;25(02):126–34.

20. Leach ES, Krotscheck U, Goode KJ, Hayes GM, Böttcher P. Long-term effects of 
tibial plateau leveling osteotomy and tibial tuberosity advancement on tibial 
plateau subchondral bone density in dogs. Vet Surg. 2018;47(4):566–71.

21. Fitch RB, Beale BS. Osteochondrosis of the canine tibiotarsal joint. Veterinary 
Clinics: Small Anim Pract. 1998;28(1):95–113.

22. Gielen I, van Bree H, Van Ryssen B, De Clercq T, De Rooster H. Radiographic, 
computed tomographic and arthroscopic findings in 23 dogs with osteo-
chondrosis of the tarsocrural joint. Vet Rec. 2002;150(14):442–7.

23. Flanigan DC, Harris JD, Brockmeier PM, Siston RA. The effects of lesion size 
and location on subchondral bone contact in experimental knee articular 
cartilage defects in a bovine model. Arthroscopy: J Arthroscopic Relat Surg. 
2010;26(12):1655–61.

24. Madry H, van Dijk CN, Mueller-Gerbl M. The basic science of the subchondral 
bone. Knee Surg Sports Traumatol Arthrosc. 2010;18:419–33.

25. Lanyon LE, Goodship AE, Pye CJ, MacFie JH. Mechanically adaptive bone 
remodelling. J Biomech. 1982;15(3):141–54.

26. Dornemann TM, McMurray RG, Renner JB, Anderson JJ. Effects of high-
intensity resistance exercise on bone mineral density and muscle strength of 
40–50-year-old women. J Sports Med Phys Fit. 1997;37:246–51.

27. Aoyagi K, Ross PD, Hayashi T, Okano K, Moji K, Sasayama H, Yahata Y, Take-
moto T. Calcaneus bone mineral density is lower among men and women 
with lower physical performance. Calcif Tissue Int. 2000;67:106–10.

28. Barak MM, Lieberman DE, Hublin JJ. A Wolff in sheep’s clothing: trabecular 
bone adaptation in response to changes in joint loading orientation. Bone. 
2011;49(6):1141–51.

29. Dingemanse WB, Gielen IM, Van Bree HJ, Müller-Gerbl M, Krstić NE, Mitrović 
MB, Ćirović DS, Macanović MV. Spatial subchondral bone density reflect-
ing joint loading of the talus in different Canidae. Veterinary Comp Orthop 
Traumatol. 2019;32(03):207–14.

30. Phillips A, Burton NJ, Warren-Smith CM, Kulendra ER, Parsons KJ. Topo-
graphic bone density of the radius and ulna in greyhounds and Labrador 
retrievers with and without medial coronoid process disease. Vet Surg. 
2015;44(2):180–90.

31. 9 Humphreys WJ, Wilder K, Pettitt R, Comerford EJ, Maddox TW. CT attenua-
tion of the medial coronoid process is reduced in dogs with medial coronoid 
disease but independent of arthroscopic disease severity. Am J Vet Res. 
2022;83(9).

32. Burr DB, Turner CH, Naick P, Forwood MR, Ambrosius W, Hasan MS, Pidaparti R. 
Does microdamage accumulation affect the mechanical properties of bone? 
J Biomech. 1998;31(4):337–45.

33. Gander Soares D, Allen MJ, Burton NJ. Bone density of the humeral condyle in 
Labrador retrievers with medial coronoid process disease. J Small Anim Pract. 
2022;63(11):821–8.

34. Lau SF, Hazewinkel HA, Grinwis GC, Wolschrijn CF, Siebelt M, Vernooij JC, 
Voorhout G, Tryfonidou MA. Delayed endochondral ossification in early 
medial coronoid disease (MCD): a morphological and immunohistochemical 
evaluation in growing Labrador retrievers. Vet J. 2013;197(3):731–8.

35. Danova NA, Colopy SA, Radtke CL, Kalscheur VL, Markel MD, Vanderby R Jr, 
McCabe RP, Escarcega AJ, Muir P. Degradation of bone structural properties 
by accumulation and coalescence of microcracks. Bone. 2003;33(2):197–205.

36. Verborgt O, Gibson GJ, Schaffler MB. Loss of osteocyte integrity in association 
with microdamage and bone remodeling after fatigue in vivo. J Bone Miner 
Res. 2000;15(1):60–7.

37. Colopy SA, Benz-Dean J, Barrett JG, Sample SJ, Lu Y, Danova NA, Kalscheur 
VL, Vanderby R Jr, Markel MD, Muir P. Response of the osteocyte syncytium 
adjacent to and distant from linear microcracks during adaptation to cyclic 
fatigue loading. Bone. 2004;35(4):881–91.



Page 11 of 11Vali et al. BMC Veterinary Research          (2025) 21:252 

38. Patel BA, Carlson KJ. Habitual use of the primate forelimb is reflected in 
the material properties of subchondral bone in the distal radius. J Anat. 
2006;208:659–70.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Subchondral bone density changes of the talus in dogs with tarsocrural osteochondrosis
	Abstract
	Background
	Results
	Discussion
	Conclusion
	Materials and methods
	Study population
	Image acquisition
	Image analysis
	Statistics

	References


