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A B S T R A C T   

Osteochondrosis is commonly encountered in young horses, with welfare, performance, and economic effects. 
Consequently, pre-purchase radiographic screening for osteochondrosis is routinely performed. Ultrasonographic 
examination of articular cartilage and osteochondrosis lesions are described in the literature with many case 
series or single case reports published. This systematic review was undertaken to examine the evidence for using 
ultrasonography in comparison to traditional radiography, arthroscopy or necropsy findings in the detection of 
osteochondrosis. 

The systematic review identified a paucity of studies in which there was marked variation in the populations, 
sample size, methods and results reported. Currently, there is no strong evidence confirming the diagnostic 
accuracy and validity of ultrasonography in the detection of osteochondral lesions in the relevant joints in horses.   

Introduction 

Osteochondrosis is a failure of endochondral ossification, which can 
lead to malformed articular cartilage and subchondral bone(Refer-
ence?). Osteochondral lesions include cartilaginous defects, osteo-
chondrosis/osteochondritis and osteochondrosis dissecans. In 
osteochondrosis dissecans, the cartilage superficial to a lesion can 
become discontinuous and fragment, becoming free in the joint (i.e., a 
joint mouse; van Weeren, 2012). As a result, the presence of osteo-
chondrosis can be a career limiting condition as well as a welfare 
concern in the equine athlete. Yearling horses are frequently radio-
graphed as part of preparation for sale, where the vendor and a pro-
spective purchaser can assess the commonly affected sites in specific 
joints, including the tarsus, stifle and metacarpophalangeal joints. A 
horse with a radiographic abnormality suggestive of osteochondrosis 
may be less valuable, which may economically impact the owner of the 
horse (Vos, 2008). However, horses undergoing early removal of 
osteochondrosis lesions have been shown to have equivalent perfor-
mance to an unaffected horse (McCoy et al., 2015). Therefore, the early 
diagnosis of osteochondrosis lesions may maximise racing performance 
and improve the welfare and value of affected horses. 

Ultrasonography has been used in human medicine to detect 
osteochondrosis-type conditions, such as proximal tibial cartilage 

thickening and fragmentation in Osgood-Schlatter disease (Draghi et al., 
2008). Recently, magnetic resonance imaging (MRI) has mostly replaced 
ultrasonography for detection of these conditions in humans (West and 
Jaramillo, 2019). In equine practice, radiography is most commonly 
used for diagnosis of osteochondrosis, although is limited by the 
inability to accurately detect cartilaginous lesions and may miss subtle 
subchondral bone defects (van Weeren, 2012; van Weeren, 2016). In 
contrast, ultrasonography allows useful assessment of equine articular 
cartilage, identifying a distinct soft tissue-cartilage and cartilage-bone 
interface (Tomlinson et al., 2000). Routine ultrasound examinations of 
equine joints are frequently undertaken as part of the workup of lame-
ness (Smith and Smith, 2008). Both peer reviewed and non-peer 
reviewed literature report multiple descriptions of the normal ultraso-
nographic joint architecture, as well as ultrasonographic features of joint 
disease ( Tnibar et al., 1993; Denoix, 1995; Denoix et al., 1996; Reef, 
1998; Denoix and Audigie, 2001; Reef et al., 2004; Denoix, 2008, 2009; 
Denoix et al., 2013a; Denoix et al., 2013b; Carstens, 2014; Cauvin, 2014; 
Cauvin and Smith, 2014; Garrett, 2014). However, despite the ubiqui-
tous use of diagnostic ultrasound in equine practice, there are few peer- 
reviewed sources determining the accuracy and validity of ultrasonog-
raphy in the evaluation of osteochondrosis in weanling and yearling 
horses. As well, published studies vary in the joint of interest and the 
articular surface investigated, as well as in the age, breed and function of 
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horse. 
Therefore, the aim of this review was to systematically evaluate the 

available literature on qualitative evaluation of equine articular ultra-
sonography in the detection of osteochondrosis. Studies involving the 
ultrasonographic detection of osteochondral disease in any horse, 
compared against arthroscopy, diagnostic imaging, or post mortem 
assessment were reviewed. 

Materials and methods 

Literature search methodology, study inclusion and exclusion criteria 

This systematic review was reported according to the 2009 Preferred 
Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA-P) 
statement (Liberati et al., 2009; Moher et al., 2009; See Appendix A: 
Supplementary material). The search protocol was developed by a group 
of four board certified veterinary radiologists and a medical librarian 
prior to commencement of review. The literature search was conducted 
in April 2020 and repeated in May 2021 by a medical librarian using 
three databases: PubMed, CAB Direct and Web of Science (via MED-
LINE). These databases were chosen to include as many pertinent arti-
cles of interest as possible (Grindlay et al., 2012). In addition, all 
published information from January 1970 to May 2021 written in the 
English language was searched. The search included published text-
books, journal articles, conference abstracts, errata, and letters in print 
or early view that included the PICO terms (i.e., Population, Interven-
tion, Comparison, Outcome) described in Table 1. The bibliographies 
and references of the resultant articles were reviewed to further widen 
the search and prevent the omission of relevant studies. 

Inclusion criteria 
Articles that contained reference to equine osteochondral lesions or 

defects consistent with osteochondrosis or osteochondrosis dissecans 
which were identified ultrasonographically within a joint and had 
comparison against and/or confirmation of the condition using 
arthroscopy, radiography, computed tomography (CT), MRI, or post- 
mortem findings, were included in the literature search for full review. 

All types of horses were included in the search, without limits on age, 
breed, sex or discipline. Similarly, in vivo and ex-vivo studies of intact 
joints were included in the search criteria, if the other inclusion criteria 
were met. 

Exclusion criteria 
Studies were excluded if there was no confirmation of ultrasono-

graphic findings using other imaging modalities, surgery, or postmortem 
findings. 

Data extraction and synthesis 

Fig. 1 shows a flow diagram of the process of identification, 
screening, and inclusion of studies for systematic review. Studies were 
identified using database searches performed by a medical librarian (D. 
S.). Articles were downloaded into a reference management tool (The 
EndNote Team, 2013). As per the PRISMA-P statement, one reviewer 
(SH) screened the studies by title and abstract, to include only studies 
that met the inclusion criteria. Duplicate studies were omitted. 
Confirmed studies were included in the literature list for full review. The 
references and bibliographies of each of the included studies were 
searched by the same reviewer. If the reviewer was unsure about in-
clusion of any study, the study was brought to the reviewer group for 
analysis. The resultant full-text studies included were subsequently 
analysed by two independent reviewers (C.S and A.P.). If consensus was 
not reached, the deciding opinion was sought from a third reviewer (H. 
McA.). Analysis involved reading all studies in detail and the relevant 
data identified and extracted. Data were extracted independently and 
quality assessed by each of the three reviewers (C.S., A.P., and H.McA.) 

based on the Cochrane Handbook of Systematic Reviews of In-
terventions and the QUality Assessment tool for Diagnostic Accuracy 
Studies (QUADAS-2) tool.1 The QUADAS-2 tool was also used to assess 
the level of bias within the studies. 

Results 

The results of the bibliographic database searches were combined 
and yielded 195 records. After the removal of 11 duplicate records, 184 
records remained for screening. Screening the title and abstract based on 
the inclusion and exclusion criteria led to the removal of 173 records, 
leaving 11 records for full appraisal. During the critical appraisal of the 

Table 1 
Systematic review search protocol PICO terms for osteochondrosis in the horse 
detected by ultrasound, with surgical, diagnostic imaging or port-mortem 
confirmation.  

Population Intervention Comparison Outcome 

horse joint radiograa osteochondrosis 
equia arthra surgery osteochondritis 
thoroughbred ultrasound surgical OC 
foal shoulder necropsy OCD 
colt scapulohumeral postmortem  
filly elbow postmortem   

antebrachiohumeral radiographa   

humeroulnar x-ray   
carpa xray   
knee CT   
facet computed 

tomograma   

antebrachiocarpal magnetic resonance   
middle carpal MRI   
CMC MRT   
third carpal nuclear imaging   
radial scintigrama   

ulnar positron emission 
tomography   

intermediate PET   
fetlock    
metacarpophalangeal    
MCPa    

metatarsophalangeal    
MTPa    

condyle    
sagittal ridge    
stifle    
femoropatellar    
femorotibial    
femoral    
trochleaa    

tibial    
plateau    
distal intermediate 
ridge    
DIRT    
malleolus    
talus    
calcaneus    
central    
tarsal    
tarsocrural    
tibiotarsal    
intertarsal    
talocalcanea    

tarsometatarsal   

CMC, Carpometacarpal; CT, Computed tomography; DIRT, Distal intermediate 
ridge of the tibia;OC, Osteochondrosis; OCD, Osteochondrosis dissecans; MCP, 
Metacarpophalangeal; MRT, Magnetic resonance tomography; MTP, Meta-
tarsophalangeal; PET, Positron emission tomography 
aPartial search term, designed to capture variations of the word 

1 See: Cochrane Handbook for Systematic Reviews of Interventions, 6.1 ed 
www.training.cochrane.org/handbook (Accessed 22 March 2022) 

S. Hoey et al.                                                                                                                                                                                                                                    

http://www.training.cochrane.org/handbook


The Veterinary Journal 282 (2022) 105825

3

records, a further five records (Carstanjen et al., 2005; Koneberg and 
Edinger, 2007; Little et al., 2009; Vanderperren et al., 2009; Haggett 
et al., 2012) were removed leaving six records (Fig. 1). The input of the 
third reviewer was required for at least one appraisal disagreement. 

In the remaining six records, there was marked variation between 
study population, breed, numbers of horses, horse age and the method, 
and reference standard test used, for determination of the diagnostic 
validity of ultrasonography. Details of the six studies are described in  
Table 2. The joints investigated varied among the studies, with the 
femoral trochlear ridge most commonly assessed. Four of the studies 
involved the femoropatellar joint, a fifth involved multiple joints 
including the femoropatellar joint, while the sixth study investigated 
only the tarsocrural joint. The heterogeneity of study design and 
methodology made direct comparison difficult. Five of the six studies 
described detection of osteochondrosis lesions using ultrasonography 
and radiography (Relave et al., 2009; Bourzac et al., 2009; Hinz and 
Fischer, 2011; Beccati et al., 2013; Martel et al., 2018). Of these five 
studies, two reported ultrasonographic dimensions of the osteochondral 
lesions. Only one of these two studies measured osteochondral lesion 
dimensions on radiography, and neither correlated measurements to 
surgery or necropsy findings. Hence, the correlation between ultraso-
nographic measurements of osteochondral lesions and gross pathology 
measurements was not determined. Only five of the studies included in 
the full review determined agreement between or compared the pres-
ence or absence of osteochondral lesions on ultrasonography with their 
presence or absence at radiography, arthroscopy, or from necropsy 
findings. The degree of data heterogeneity from the 6 studies also pre-
cluded a meta-analysis being performed. Accordingly, the results were 
synthesized and reviewed narratively. 

The age of horses across all studies varied from less than one day to 
166 days of age, with two studies not reporting this variable. Horse 
breeds were also diverse, including 71 Thoroughbreds, 69 Standard-
breds, eight Quarter Horses, 10 Warmbloods, three mixed breed horses, 
two Holsteiners, and one each of Belgian, Arabian, Canadian, Friesian, 
and Hanoverian horses. In one study there were 137 horses of unknown 
breeds (Table 2). 

The reference standard employed in each study varied between 
arthroscopy in three studies, necropsy in one study and either arthro-
scopic or necropsy findings in one other study (Table 2). One study used 
radiography as the reference standard, with no gross pathological 
confirmation obtained (Martel et al., 2018). The studies also differed 
greatly in the numbers of joints investigated (16–254 joints) and in some 

Fig. 1. PRISMA-P flow diagram showing the process of identification, 
screening and inclusion of studies for systematic review. 

Table 2 
Articles selected for full assessment for systematic review, describing horse numbers, demographic information, joints investigated and reference standard comparison 
test used and the order of diagnostic imaging.  

Publication Population Intervention Comparison 

Author Number 
of horses 

Breed Sex Age No. 
Joints 

Joints investigated Comparison Order of test 

Beccati 
et al., 
2013  

22 
TB Unknown 12–18 months 36 Femoropatellar Rad, Arth Radiography 

before 
ultrasound 

Bourzac 
et al., 
2009  

21 
2 QH, 7 STB, 1 Halflinger, 
1 WB, 1 Belgian, 2 
Holsteiner, 1 Canadian, 1 
Arab, 1 Frisian, 1 
Oldenbourg, 3 mix breeds 

7 M, 8 F, 
1 G, 5 H 

6–24 months 32 Femoropatellar radiocarpal, middle 
carpal, metacarpophalangeal, 
metatarsophalangeal, tarsocrural, 
proximal interphalangeal, distal 
interphalangeal, femoropatellar, 
Femorotibial 

Rad, Arth, 
Nec 

Unknown 

Hinz and 
Fischer, 
2011  

137 
Unknown Unknown Unknown 254 Rad, Arth Radiography 

before 
ultrasound 

Martel 
et al., 
2017  

9 
5 STB, 1 paint, 1 STB, 1 
WB and 1 Hanoverian. 

5 STB: 3 F, 
2 M. 
Controls: 
2 M, 2 F 

0–4 days 16 Femoropatellar MRI, Nec Ultrasound 
before MRI 

Martel 
et al., 
2018  

46 
46 TB 26 M 20 F 0–166 days 92 Femoropatellar Rad Unknown 

Relave 
et al., 
2009  

73 
56 STB, 8 WB, 6 QH, 3 TB. Unknown Unknown 111 Tarsocrural Rad, Arth Radiography 

before 
ultrasound 

QH, Quarter Horse; TB, Thoroughbred; STB, Standardbred; WB, Warmblood; M, Male; F, Female; G, Gelding; H, Stallion; Arth, Arthroscopy; Nec, Necropsy; Rad, 
Radiography 
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cases, numbers were inadequate, which prevented calculation of sensi-
tivity and specificity for certain aspects of the joint surfaces. The order in 
which imaging was performed also varied between studies. In three, 
ultrasound was performed after radiography, whereas in one study, ul-
trasound was performed before MRI, and in two other studies the order 
of imaging was not reported (Table 2). Where previous imaging was 
performed (e.g., radiographs), it is unclear if the ultrasonographers were 
aware of any lesions detected, which may have influenced the results 
and reliability of ultrasound examination. 

The six included studies targeted the femoropatellar joint in three 
studies, the tarsocrural joint in two studies and multiple joints in one 
study. Four of the six studies reported sensitivity and specificity 
(Table 3) where the reference standard tests involved arthroscopy (three 
studies) and arthroscopy or necropsy (one study). Using arthroscopic or 
necropsy findings as the reference standard, the sensitivity of ultrasound 
to detect osteochondral disease was between 33% and 100%, whereas 
the specificity was between 56% and 100%. When compared to similar 
reference standards, radiography had a sensitivity of 33–100% and 
specificity of 34–100% (Table 3). (Table 4). 

The experience of the ultrasonographers involved in the image 
acquisition varied. In one study, the ultrasonographer was a large ani-
mal internal medicine specialist (Bourzac et al., 2009) while in another 
study, a large animal surgery specialist was used (Hinz and Fischer, 
2011). In one other study, the ultrasonographers were a veterinary 
radiologist and a veterinary student with 3 months of training specific to 
the joint interrogated (Beccati et al., 2013). In another study, two large 
animal surgery residents were used (Relave et al., 2009), whereas the 
ultrasonographer was an experienced post graduate student in two other 
studies (Martel et al., 2017; Martel et al., 2018). Two studies reported 
the interobserver agreement in the detection of osteochondral changes 
in the stifle (Table 5), using the κ statistic in radiography and κ weighted 
statistic in ultrasonography in one study (Relave et al., 2009) and using 
the κ statistic in radiography and ultrasonography (Beccati et al., 2013). 
Depending on the anatomical site of osteochondral disease, the studies 
reported moderate to perfect agreement in radiographic assessment with 
a Cohen’s kappa coefficient or κ value of 0.48–1. In contrast, there was 
substantial to almost perfect agreement using ultrasonography (κ value 
of 0.78–0.96). 

The QUADAS-2 tool bias assessment employed showed heterogene-
ity in the risk of bias throughout each of the studies, with overall low 
applicability concerns (Table 6). 

Discussion 

Despite the ubiquitous use of ultrasonography for musculoskeletal 
disorders in equine practice, there is a paucity of published peer 
reviewed studies that assess the use of ultrasonography in the diagnosis 
of osteochondrosis. To best capture all pertinent literature for this sys-
tematic review, CAB Direct, PubMed and the Web of Science were 
chosen as the optimal literature search databases. CAB Direct in-
corporates CAB Abstracts and Global Health and CAB Abstracts also 

maximises inclusion of veterinary literature (Grindlay et al., 2012). Use 
of PubMed and the Web of Science allowed inclusion of biomedical 
sources, as well as non-veterinary medical sources. Using these data-
bases and specific inclusion criteria yielded only six relevant publica-
tions for review. These studies, in which ultrasonography was used to 
detect osteochondral defects and was compared against a reference 
standard test (arthroscopy or a combination of arthroscopy and nec-
ropsy), revealed a wide range of sensitivities and specificities conse-
quent to differences in study design, study implementation and 
evaluation. One chief difference found between ultrasonography and 
arthroscopy was the ability of ultrasonography to examine both super-
ficial and deeper cartilage layers, as well as the subchondral bone 
margin. In contrast, arthroscopy was limited to the visualisation of only 
the superficial articular cartilage surface, which may have overlooked 
deeper lesions. This may have led to a greater proportion of truly posi-
tive ultrasonographic results being designated as negative on arthros-
copy (i.e., an erroneous false positive), and a consequent 
underestimation of specificity. In one study arthroscopic findings were 
used as confirmatory, and the ability of radiography or ultrasonography 
to detect surgically detected lesions was reported using Cohen’s kappa 
coefficient (Beccati et al., 2013). In two studies, necropsy or arthroscopy 
were used as confirmatory, with sensitivity and specificity reported 
(Bourzac et al., 2009). In two other studies, arthroscopy was used as 
confirmatory, with sensitivity and specificity reported (Relave et al., 
2009; Hinz and Fischer, 2011). It is important to note that sensitivities 
and specificities determined using a reference test (such as arthroscopy) 
which may be no better than the diagnostic test being investigated (such 
as ultrasonography in this case) may produce misleading results. In 
these cases, comparing an imperfect reference test to another imperfect 
reference test must be interpreted with care. However, while none of the 
studies accounted for this potential error, the diagnostic validity of ul-
trasonography in studies that used necropsy findings as the reference 
standard were more credible. 

Ultrasonography is an operator-dependent diagnostic modality, and 
the ability to obtain repeatable, high quality images is dependent on the 
experience of the ultrasonographer and the quality of the ultrasound 
machinery/technology. The varied experience and ability of ultraso-
nographers in the included studies precluded their comparison, and may 
have decreased the accuracy of the calculated sensitivity and specificity 
values. In one study, the agreement between the ultrasound operators in 
detecting osteochondrosis lesions was almost perfect (κ = 0.94) for the 
medial trochlear ridge of the femur, but was only moderate (κ = 0.46) 
for the trochlear groove of the femur (Beccati et al., 2013). This study, 
using a veterinary radiologist and a student as the two ultrasound op-
erators, demonstrated the clear difference in experience and the 
consequent problems this could cause when determining diagnostic test 
validity. A similar issue was evident in another study, where the 
agreement between two surgical resident ultrasound operators was 
almost perfect for subchondral bone lesions of the medial malleolus 
(κ = 0.88), and the distal intermediate ridge of the tibia (κ = 0.96). 
Agreement between operators was substantial for lesions of the lateral 

Table 3 
Articles selected for full assessment for systematic review, describing the joints assessed and the sensitivities and specificities of ultrasound assessment of osteochondral 
disease compared to the confirmed lesion.  

Publication  Ultrasonography Radiography Reference standard testa 

Author Joint Sensitivity Specificity Sensitivity Specificity  

Bourzac et al., 2009 Femoropatellar 33–100 94–100 33–100 100 Arthroscopy or necropsy 
Beccati et al., 2013 Femoropatellar 100 60–82 84–88 89–100 Arthroscopy 
Hinz and Fischer, 2011 Multiple 91.4 56.2 66.7 33.8 Arthroscopy 
Martel et al., 2017 Femoropatellar NA NA NA NA Necropsy 
Martel et al., 2018 Femoropatellar NA NA NA NA No 
Relave et al., 2009 Tarsocrural 50–98 65–100 71–96 71–85 Arthroscopy 

NA, Information not available 
a Sensitivity and specificity were determined with standard formulae using the results of ultrasonography and radiography to diagnose osteochondral disease compared 
with the results of the reference standard test. 
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trochlear ridge of the femur (κ = 0.80), although only moderate for 
cartilage lesions of the medial meniscus (κ = 0.62; Relave et al., 2009). 
An ultrasonographer with less experience would be more likely to miss 
more subtle lesions compared to the more experienced 
ultrasonographer. 

An additional and significant limitation to variable operator agree-
ment was the lack of clarity regarding the blinding of operators and 
whether one operator had prior knowledge of the radiographic results. 
In one study, the single operator was aware of the findings from the 
other imaging modality(Relave et al., 2009), whereas in three studies 
the blinded status was unclear (Bourzac et al., 2009; Hinz and Fischer, 
2011; Beccati et al., 2013). Lack of blinding in combination with vari-
able interobserver agreement brings into question the reliability of the 
ultrasonographers to accurately detect osteochondral lesions and 
consequently the studies’ ability to accurately calculate the validity of 
ultrasonography. 

Radiography of equine joints is a more standardised imaging 

modality, in which repeatable and comparable views are obtained. In 
one study involving two surgery residents and a radiologist, there was 
excellent agreement between surgeons for the detection of osteo-
chondrosis at all sites. In contrast, agreement between the surgery res-
idents and the radiologist was fair to excellent. (Relave et al., 2009). In 
another study, the agreement between a veterinary radiologist and a 
veterinary student in the diagnosis of osteochondrosis at the lateral 
trochlear ridge was weak on the caudolateral-craniomedial oblique view 
to very good on a lateromedial view (Beccati et al., 2013). In the same 
study, the interobserver agreement was greater for ultrasonography 
(κ = 0.78–0.94) than for radiography (κ = 0.48–0.86) in the detection 
and grading of osteochondrosis lesions at the medial trochlear ridge 
(Beccati et al., 2013). However, the observers in this study investigated 
each radiographic view individually, which would not be done practi-
cally in clinical practice. The higher interobserver agreement for ultra-
sonography was likely due to the increased experience of the observers 
in the evaluation of radiographic images resulting in greater discern-
ment and criticality of findings. 

The ultrasonographic measurement of cartilaginous defects was 
performed in four of the six studies included. The comparison of the 
ultrasonographic measurements of osteochondral defects with mea-
surements obtained radiographically was performed in only one study 
(Bourzac et al., 2009). However, no comparison was made with 
arthroscopic or necropsy findings and consequently, the diagnostic 
validity and accuracy of ultrasonography to detect osteochondral or 
cartilaginous defects was not assessed. Further studies determining the 
cartilage thickness and the cartilage defect measurements would be 
useful to compare ultrasound to necropsy findings. 

One complication in the measurement of cartilaginous defects that 
may preclude the assessment of the diagnostic validity of ultrasonog-
raphy at particular joint sites, is image magnification and the depth of 
the area of interest. Both radiography and ultrasonography are unaf-
fected by magnification. As well, the ultrasound beam can be focused to 
allow optimal image spatial resolution for lesion measurement. How-
ever, routine two-dimensional ultrasound imaging can be impeded if the 
area of interest is too deep to access or the area is inaccessible because of 
the adjacent anatomy. For example, the humerus and ulna can prevent 
ultrasound examination of the axial aspect of the radial head. 

The age of horses across all included studies varied from less than 
one day to 166 days of age, with two studies not reporting the ages of the 

Table 4 
Articles selected for full assessment for systematic review, describing ultrasound detection and measurement of osteochondral lesions, the comparison imaging 
modality and the interval between ultrasound and comparison imaging modality.  

Publication Ultrasound Comparison  

Author Detect Measure Modality Detected Measure Interval between 

Beccati et al., 2013 Yes No Rad Yes No US performed after rad 
Bourzac et al., 2009 Yes Yes Rad Yes Yes Unknown 
Hinz and Fischer., 2011 Yes No Rad Yes No One after another, unknown order 
Martel et al., 2017 No No MRI No No MRI performed after US 
Martel et al., 2018 Yes Yes No Yes No Unknown 
Relave et al., 2009 Yes No Rad Yes No US performed after rad 

Rad, Radiography; US, Ultrasound 

Table 5 
Articles included in the systematic review that describe interobserver agree-
ment, observer role, site of investigation and agreement values for radiography 
and ultrasound, where reported.  

Author Observer Site Interobserver agreement (κ 
value) 

Radiography Ultrasound 

Beccati 
et al., 
2013 

Radiologist - 
Student 

Lateral 
trochlear 
ridge 

0.48–0.86  0.78   

Medial 
trochlear 
ridge 

0.68–0.70  0.94 

Relave 
et al., 
2009 

Surgery resident - 
Surgery resident 

Overall stifle 0.92–0.96    

Surgery residents - 
Radiologist 

Medial 
meniscus 

0.58–0.60  0.88   

DIRT 0.78–0.82  0.96   
Lateral 
trochlear 
ridge 

0.66–1.00  0.80 

DIRT, Distal intermediate ridge of the tibia 

Table 6 
The cumulative results of the QUADAS-2 tool assessment of the studies included in the review.   

Risk of bias Applicability concerns  

Equine patient selection Index test Reference standard Flow and timing Equine patient selection Index test Reference standard 

Beccati et al., 2013 – ? ? ? + + +

Bourzac et al., 2009 – ? ? ? + + +

Hinz and Fischer, 2011 ? – + ? + + ? 
Martel et al., 2017 + + + + ? + ? 
Martel et al., 2018 + + ? + + + +

Relave et al., 2009 – ? ? ? + + +

- High risk of bias; + Low risk of bias; ? Unclear risk of bias 
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horses involved. However, this population of horses, less than 8 months 
of age, may be unrepresentative of more mature horses (and the popu-
lation of interest) given that many have early radiographic signs of 
abnormal ossification at the metacarpophalangeal and meta-
tarsophalangeal joints, which subsequently revert to a normal appear-
ance before the age of 8 months old (Carlsten et al., 1993). In addition, 
osteochondrosis lesions were present radiographically in 
embryo-transfer foals at 200 days but disappeared thereafter (Peugnet 
et al., 2016). Therefore, osteochondral findings identified in these young 
foals may represent changes that may resolve over time, without 
affecting athletic performance or causing radiographic or ultrasono-
graphic changes at the time of sale. 

Other limitations in the studies appraised that prevented their 
comparability and potentially restricted their strength of evidence 
included the varying numbers of horses, ranging from 21 to 137, the 
variety of joints assessed and the diversity of breeds. For example, 
comparing the diagnostic validity of ultrasonography across studies in 
which different joints were assessed or calculating the sensitivity and 
specificity of ultrasonography to detect osteochondral disease in any 
joint, based on data from one joint, is unsound. However, as five of the 
six studies assessed the femoropatellar joint alone or as part of a larger 
study, the diagnostic validity of ultrasonography results for this joint 
was comparable. In addition, the studies that reported the sensitivities 
and specificities of ultrasonography were published between 2009 and 
2011 and since then ultrasound imaging technology, and the ultraso-
nographer experience, has advanced significantly. This might result in 
meaningful changes in these diagnostic test metrics should the studies be 
repeated. 

A final limitation, involving the systematic review process, was the 
small number of articles that met the inclusion criteria. As well, given 
the significant heterogeneity in aims, design and methodology of this 
small number of studies, the results, could not be compared or com-
bined. A meta-analysis, combining the findings of the sensitivity or 
specificity of ultrasonography in the detection of osteochondrosis for a 
particular equine joint, therefore was not possible. Large, well designed, 
breed or performance specific, and blinded studies investigating the 
accuracy of ultrasonography in the detection of osteochondral disease in 
the growing horse are warranted. Comparing the diagnostic validity of 
ultrasonography to that of the more routinely used radiography is 
essential to determine whether this imaging modality could be a better 
alternative, without the use of ionising radiation and the inherent risks 
to the horse and bystanders. 

Conclusions 

There is a large quantity of literature describing the use of ultraso-
nography in horses for the assessment of joint disease and of articular 
cartilage. This systematic review demonstrates that there is a scarcity of 
strong evidence determining and comparing the diagnostic accuracy and 
validity of ultrasonography with that of necropsy or arthroscopy, as well 
as its agreement with radiography, in the detection of osteochondral 
lesions in all relevant joints in horses. Consequently, despite wide use of 
ultrasonographic assessment for osteochondrosis, the diagnostic validity 
of this imaging modality for this condition currently is unclear. 
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