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ABSTRACT 

Experimental osteoarthritis was induced in six adult dogs by intraarticular injection of sodium monoiodoacetate in 

left knee joints. The contralateral knees served as control. The changes occurring in joints were followed out by 

radiography and ultrasound imaging in the beginning (day 0), and on post injection days 30, 60, and 105. Two 

assessment systems were used to generate individual scores for each time interval. The results evidenced dynamic and 

consistently increased scores for left joints in both diagnostic imaging techniques used with statistically significant 

differences between left and right joints. Radiological and ultrasound scores were closely correlated (r=0.55, P<0.001) 

suggesting that the combined use of both imaging techniques was more advantageous for diagnostics of osteoarthritis. 
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ÖZET 
 

KÖPEKLERDE DİZ OSTEOARTRİTİNİN DENEYSEL SODYUM MONOİYODOASETAT MODELİ İLE 

RADYOLOJİK VE ULTRASONOGRAFİK GÖRÜNTÜLEME SKORLARI  

 

Çalışmada, sodyum monoiyodoasetatın altı adet yetişkin köpeğin sol diz eklemine intraartiküler enjeksiyonu ile 

deneysel osteoartrit oluşturuldu. Kontralateral dizler kontrol olarak ayrıldı. Başlangıçta (gün 0) ve enjeksiyonu takip 

eden 30., 60. ve 105. günlerde radyografi ve ultrasonografik görüntülemelerle eklemlerde meydana gelen değişiklikler 

incelendi. Bireysel skorlar elde edilmesinde her bir zaman aralığı için iki değerlendirme sistemi kullanıldı. Kullanılan 

her iki diagnostik görüntüleme tekniklerinde istatistiksel olarak sağ ve sol eklemlerde önemli farklılıkların olduğu ve 

sonuçlar sol eklemlerdeki skorun istikrarlı bir şekilde artış gösterdiği ortaya çıkardı. Radyolojik ve ultrasonografik 

skorlarının korelasyon (r=0,55; P<0,001) sonuçlarına göre görüntüleme tekniklerinin birlikte kullanılmasının 

osteoartrit tanısı için daha avantajlı olduğunu saptanmıştır. 

Anahtar Kelimeler: Köpek, diz eklemi, sodyum monoiyodoasetat modeli, radyografi, ultrasonografi, osteoartirit 
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Introduction 

Osteoarthritis (ОА) is a degenerative disease 

of articular cartilage encountered in all 

mammalian and avian species, and men 

(Lipowitz, 1993). Ehrlich (2003) and Haima 

(2005) define it as a dynamic cartilage “wear-

and-tear” process. Martel-Pelletier (1999) 

described sclerosis of subchondral bone and 

involvement of synovial membrane. The 

etiology of OA is multifactorial (Grainger and 

Cicuttini, 2004) and the general outcome is a 

various degree of cartilage loss, bone 

remodelling, pain, effusion and loss of activity. 

OA is rather a syndrome, than a separate 

diseases (Buckwalter and Martin, 2006) 

characterized with slow progress, worsening of 

cartilage quality, formation of osteophytes, 

subchondral bone remodelling, periarticular 

tissue changes, low-extent inflammation.  

Conventional radiography is an excellent 

method for examination of bones, but yields 

few information for what is going on in soft 

tissues (Carring, 1997; May, 1994). A "blind 

spot" is the inability for direct visualization of 

the cartilage (Railhac and Vial, 2007). Yet, the 

method was assessed as more informative for 

bone tissue than magnetic resonance imaging 

and computed tomography (Van Bree, 2006). 

The typical radiological findings in OA are 

osteophytes, bone sclerosis, cysts and 

subluxations (Abercromby et al., 2006; Boulos 

et al., 2003; Swagerty and Hellinger, 2001). 

The complete destruction with ankylosis is rare. 

The articular cartilage and menisci are not 

visible, but indirectly assessed by the 

intraarticular space. Early changes however, are 

not recorded on radiographs. The interpretation 

of findings in animals is even more difficult, 

subjective and more reliable by calculating a 

total score from each observed sign (Lazar et 

al., 2005). More information could be obtained 

by special radiological techniques, excellent 

technical performance and especially, 

comparison with the contralateral limb (Bennett 

et al., 1988; Carring, 1997; Robins, 1990; 

Torelli et al., 2005; Vasseur, 1993).  

The ultrasonography (USG) of knee joint is 

a non-invasive, not expensive and readily 

available diagnostic imaging technique 

(Comeford, 2006; Kramer et al., 1999), yet with 

limited application in small animals (Budsberg 

and Thomas, 2006). Nevertheless, USG is 

faster, painless and safer than radiography or 

arthroscopy, and requires neither strict aseptics 

nor general anaesthesia (Kil-Ho Cho et al., 

2001).  

B-mode USG with 5-10 MHz transducers 

are recommended for examination of canine 

knee joint to visualize structure up to 4 cm in 

depth (Kramer et al., 1997; Muller and Kramer, 

2003; Reed et al., 1995). The most commonly 

used acoustic window is the sagittal one - 

laterally to the patellar ligament. Disadvantages 

of the method are the insufficient resolution 

with regard to small cartilage defects and the 

acoustic shadowing from the subchondral bone. 

The 20 MHz transducers achieve a remarkable 

axial resolution of 0.038 mm but the maximum 

possible depth is 1.5 cm (Grassi and Cervini, 

1998).  

Kramer et al. (1999) are convinced that 

comparable USG findings in canine knee joint 

are possible only if a standard algorithm is 

used. Reed et al. (1995) described the normal 

echographic anatomy of the joint in dogs. The 

cartilage, affected by OA, shows a wide range 

of findings, from extensive to very subtle 

structural changes (Grassi and Cervini, 1998). 

The loss of the sharply delineated boundary 

between cartilage and soft tissues is indicative 

when other signs are absent. The visualization 

of fluid collection and increased echogenicity 

(hypertrophy) of synovial membrane are an 

advantage of USG compared to radiography 

(Grassi and Cervini, 1998). 

The radiography and ultrasound imaging 

findings in experimental osteoarthritis of the 

knee, induced by sodium monoiodoacetate in 

dogs are not reported. The aim of the present 

study was to monitor the time course of 

occurring changes and to investigate the 

potential of combined application of both 

imaging techniques for diagnostics of OA in 

dogs. 
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Materials and Methods 

Experimental animals 

Six clinically healthy mongrel dogs from 

both sexes were used (body weight 15±2 kg). 

They were housed in individual boxes indoor 

with free access to drinking water and dry 

canine food for maintenance. The experiment 

was approved by the Committee on Animal 

Experimentation at the Trakia University, Stara 

Zagora, Bulgaria and was performed in strict 

compliance with animal welfare regulations 

(Directive 86/609/EEC).  

Osteoarthritis experimental model  

Over ten weeks, intraarticular injections of 

sodium monoiodoacetate (MIA) (Merck, 

Germany) were performed once weekly in left 

stifle joints at doses of 0.12, 0.14, 0.16, 0.26, 

0.36, 0.96, 1.28, 3.00, 5.00 and 10.00 mg/kg in 

1 ml 0.9% saline solution. The right joint 

served as control.  

 

Table 1. Parameters for calculation of radiographic osteoarthritis score (Lazar et al., 2005). 

Tablo 1. Radyografik osteoartrit skor hesaplama parametreleri (Lazar ve ark., 2005). 

Stifle component Radiographic features 

Patella 1) Apical osteophytes (ML) 

2) Basal osteophytes (ML) 

3) Cranial apical enthesophytes (ML) 

Femur 4) Trochlear groove periarticular osteophytes (ML) 

5) Supratrochlear lesions (ML) 

6) Fabellar periarticular osteophytes (ML) 

7) Subchondral sclerosis (AP) 

8) Remodelling of the distal femoral condyle (AP) 

9) Subchondral cysts of femoral metaphysis (AP)  

10) Subchondral cysts of indercondylar fossa (AP) 

11) Subchondral cysts of the condyle (AP) 

12) Lateral condylar periarticular osteophytes (AP) 

13) Medial condylar periarticular osteophytes (AP) 

14) Osteophytes at the lateral collateral ligament (AP) 

15) Osteophytes at the medial collateral ligament (AP) 

Tibia 16) Cranial periarticular osteophytes (ML) 

17) Caudal periarticular osteophytes (ML) 

18) Subchondral cysts (ML) 

19) Remodelling of the condyle (ML) 

20) Osteophytes of the central tibial plateau (ML) 

21) Medial periarticular osteophytes (AP) 

22) Lateral periarticular osteophytes (AP) 

23) Medial subchondral sclerosis (AP) 

24) Lateral subchondral sclerosis (AP) 

25) Intercondylar osteophytes (AP) 

Soft tissues 26) Joint effusion or thickening (ML) 

27) Lateral soft tissue thickening (AP) 

28) Medial soft tissue thickening (AP) 

Other aspects of the 

stifle joint 

29) Intracapsular mineralized bone fragments (ML) 

30) Osteophytes at patellar ligament insertion on the tibia (ML) 

31) Mineralization of the meniscus (AP) 

32) Intercondylar avulsion fragments (AP) 

The radiographic projection for each feature is given in brackets: ML=mediolateral; AP=anteroposterior 
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Diagnostic imaging studies 

Serial radiography and ultrasonography 

were performed on days 0, 30, 60 and 105.  

Conventional radiography of left (OA) and 

right (control) stifle joints was done in two 

views: anteroposterior (AP) and mediolateral 

(ML). The scoring of radiographs was done 

according to Lazar et al. (2005) recording 32 

individual traits (Table 1). The changes were 

evaluated as absent (0), mild (1), significant (2) 

and severe (3). The individual scores were thus 

between 0 and 96 points. 

B-mode ultrasonography of stifle joints was 

performed with diagnostic ultrasounds 

ALOKA


 USG (Japan) with 5.0 MHz linear 

transducer and CHISON 600 VET (China) with 

microconvex multifrequency transducer at 7.0 

MHz. Joints were examined according to 

acoustic approaches described by Kramer et al. 

(1999). Left (ОА) and right (control) stifles 

were scanned in sagittal and transverse plans, 

both in static position and while moving 

(extension, flexion, rotation). No sedation was 

necessary. Sonogrammes were documented on 

thermovideoprinter Mitsubishi
 

(Japan). A 

modification of the scoring system of Muzzi et 

al. (2009) was used. Individual scores ranged 

between 0 and 23 points (Table 2).  

Individual scores were recorded by two 

independent observers and the arithmetic mean 

was retained.  

 

Table 2. Ultrasound scoring system of stifle joints with osteoarthritis (modification of Muzzi et al., 2009). 

Tablo 2. Diz ekleminde osteoartiritin ultrason ile skorlama sistemi (Muzzi ve ark., 2009 modifikasyonu ile). 

Sign Score 

Joint effusion – presence of anechoic or hypoechoic areas between the tibial 

Intercondylar area and femoral condyles 

0 – absent 

1 – mild 

2 – moderate 

3 – severe 

4 - very severe 

Intraarticular tissue reaction – presence of fibrous tissue at the insertion point of the 

cranial cruciate ligament and/or at the cranial intermeniscal ligament 

0 – absent 

1 – mild 

2 – moderate 

3 – severe 

4 - very severe 

Intraarticular inclusion bodies - presence of avulsion osteochondral and/or 

mineralized joint fragments (bodies with intense homogeneity)   

0 - absent 

1 - present 

Synovial membrane inflammation – thickening (hyperplasia/hypertrophy) in mid-

sagittal plane; increased echogenicity  

0 - absent 

1 - mild 

2 - moderate 

3 - severe 

4 - very severe 

Articular cartilage at the condylar bone boundary  

(mid-sagittal plane) 

0 - anechoic 

1 - hypoechoic 

2 - hyperechoic 

3 - heterogeneous 

Meniscuses (mid-sagittal plane) 

0 - anechoic 

1 - hypoechoic 

2 - hyperechoic 

3 - heterogeneous 

Bone surface – irregular and/or rounded interruptions of the hyperechoic boundary of 

bones  

0 - absent 

1 - mild 

2 - moderate 

3 - severe 

4 - very severe 

.    
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Statistical analysis 

The results were statistically processed by 

the non-parametric Friedman and Mann-

Whitney tests using Statmost for Windows, 

Datamost Corp., 1994-1995. Differences less 

than 0.05 were accepted as statistically 

significant. Relationships between two scores 

were estimated by the Pearson correlation 

analysis test. 

 

Results 

The serial radiography of knee joints in dogs 

with experimental chemical model of OA 

exhibited progressing degenerative changes.  

The respective mean scores of OA joints 

(Table 3) were 131.7 by day 30, 283.2 by 

day 60 and 324.4 by day 105 (P<0.01 vs 

baseline). The differences between them and 

contralateral joints scores were considerable 

(P<0.01). The early changes consisted in strong 

joint effusion and irregularly enlarged 

intraarticular space. Later changes were related 

to altered shape and area of bone surfaces, 

increased density of epiphyseal subchondral 

zone (sclerosis) and tibial epicondylar focal 

lysis. Osteophytes were mainly observed on the 

periphery of joint and the trochlear margin. By 

the end of the survey period, the subchondral 

osteosclerosis of both femur and tibia were 

enhanced and their bone architectonics - enti-

rely changed (Figure 1). The intraarticular 

space was reduced; the bone margins were 

irregular and indistinct. At some radiographs, 

the joint capsule density was increased 

(fibrosis). 

 

Table 3. Radiological and ultrasound scores in dogs with experimental monoiodoacetate (MIA) model of stifle joint 

osteoarthritis (mean  SEM; n=6). 

Tablo 3. Deneysel monoiyodoasetat modeli (MIA) ile köpeklerin diz eklemlerinde geliştirilen osteoartiritin radyolojik ve 

ultrasonografik skorları (ortalama  SEM; n = 6). 

Parameter 
Days after the first MIA injection 

0 30 60 105 

Radiological score 

of stifle joints 

Left 0±0.0 131.7* 28±3.2* 324.4* 

Right 0±0.0  0±0.0
#
 0±0.0

#
  1±0.2

#
 

Ultrasound score of 

stifle joints  

Left 1±0.2 190.6** 181.0** 170.8** 

Right 1±0.2  2±0.2
#
 2±0.2

#
  2±0.2

#
 

*P<0.01 vs baseline (day 0); #P<0.01 between left (OA) and right (control) joints. 

 

By ultrasonography, joint effusion occurring 

by the 30
th
 day in left knees was also visible. 

Suprapatellar and intercondylar areas were 

hypo- to anechoic, with homogenous structure. 

The effusion decreased in later periods. The 

suprapatellar recess of the joint capsule was 

hypoechoic, and of larger size as compared to 

that of the contralateral joint (Figure 2). After 

the 105
th
 day, fibrosis was already visible 

appearing with increased echogenicity and 

heterogeneity, as well as with thickening. The 

infrapatellar fat body was displaced toward the 

patellar ligament, moderately echoic and with 

indistinct borders, without changed size (Figure 

2). On this hyperechoic background, the cranial 

cruciate ligament was delineated as a 

hypoechoic oblique line. Bone surface was 

visualized as an irregular hyperechoic line with 

acoustic shadow behind. Larger osteophytes 

were seen as distinct discrete hyperechoic 

structures. The patella was observed as convex 

hyperreflective object with acoustic window 

behind, while the patellar ligament was seen in 

mid-sagittal plane as a hyperechoic fibrillar 

band. The articular cartilage was an anechoic 

line near to the bone.  

The ultrasound scores of left knee joints 

were 90.6 by day 30, 181.0 by day 60 and 

170.8 by day 105 (P<0.01 vs both baseline and 

vs respective scores of control joints). 
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Discussion 

Radiological signs of OA have been 

extensively discussed in the literature (Allan, 

2007; Bennett, 1990; Carring, 1997; 

Comerford, 2006). The observed changes vary 

according to the stage of the disease: effusion, 

articular space widening followed by 

narrowing, osteophyte formation, subchondral 

sclerosis, soft tissue mineralization, 

subchondral bone cysts, shift of intrapatellar fat 

body etc. In our experiment, these alterations 

were observed with a marked tendency towards 

accumulation and aggravation with progression 

of the disease.  

 

 

Figure 1. Radiographs of the left stifle joints of dogs with experimental monoiodoacetate model of osteoarthritis 30, 

60 and 105 days after the treatment. 

Şekil 1. Deneysel monoiyodoasetat modeli (MIA) ile köpeklerin diz eklemlerinde geliştirilen osteoartiritin tedavi sonrası 30., 60. ve 

105. günlerde sol eklem radyografileri. 

F – femur; T – tibia, 1 –changes in bone positioning; 2 – altered bone margins; 3 – altered intraarticular space; 4 – subchondral 

osteosclerosis; 5 – osteophytes; 6 – enhanced soft tissue density; 7 – intraarticular inclusion bodies. 

 

 

Figure 2. Ultrasonogrammes of the left stifle joints of dogs with experimental monoiodoacetate model of osteoarthritis 60 

and 105 days after the treatment. 

Şekil 2. Deneysel monoiyodoasetat modeli (MIA) ile köpeklerin diz eklemlerinde geliştirilen osteoartiritin tedavi sonrası  60. ve 105. 

günlerde sol eklem ultrasonografileri. 

F – femur; T – tibia; 1– intraarticular effusion; 2 – intraarticular fibrosis; 3 – intraarticular inclusion bodies; 4 – hypertrophy of jopint 

capsule and ligaments; 5 – irregular cartilage margins; 6- irregularities of meniscuses; 7- irregularities on bone surfaces. 
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Although knee joint radiography is an 

objective method, it is not of primary 

importance in OA diagnostics. Its role, in the 

view of Robins (1990), is to detect late 

symptoms of disease. The fine cartilage defects 

which are essential for early diagnostics of the 

condition remain invisible (Widmer et al., 

1994). 

To the best of our knowledge, this is the first 

report for successful reproduction of OA in 

canine knee joint by intraarticular injection of 

sodium monoiodoacetate and therefore, the 

observed changes could not be judged against 

other data reported. The findings were similar 

to signs described in horses and rats with the 

same experimental OA model: narrowed 

intraarticular space, segmentation and 

disappearing of the tibial contour, trabecular 

sclerosis, subchondral cysts, osteophytes, 

extensive bone resorption areas (Morenko et al., 

2004; Penraat et al., 2000; Whitton, 2004). 

Subchondral cysts are related to advanced 

OA and often cause lameness in humans and 

horses (Textor et al., 2001). Their localisation 

in underlying bone is a source of constant pain 

and a bad prognostic sign in osteoarthritic 

horses (Bueno et al., 1999). According to Durr 

et al. (2004) the cysts were a sequel of cartilage 

microfractures and subchondral bone stress 

with secondary resorption. Their formation is 

rather an exception in our OA model as in 

general, they are rarely reported in dogs and 

cats but common in large animals with 

degenerative joint diseases (Houlton, 1994). 

Widmer et al. (1994) did not report cystic 

lesions before the 12
th
 week in dogs with 

osteoarthritis, but observed them in later stages.  

In this study, osteophytes were observed in 

the second half of the period of survey. 

According to Widmer et al. (1994) they could 

not be seen before the 3
rd

 week in dogs as early 

changes are characterized with synovitis and 

then, by soft tissue proliferation. The 

differences between osteoarthritic and healthy 

joint were radiologically visible between the 6
th
 

and the 12
th
 week (Widmer et al. 1994) whereas 

Innes et al. (2004) reported appearance of 

osteophytes in the contralateral joint as well 

after the 13
th
 month. 

The dynamic ultrasonography of knee joints, 

similar to that in men (Kil-Ho Cho, 2001) 

allowed the detection of the typical 

degenerative changes in soft tissues in this OA 

model. Not all findings were seen on a single 

sonogramme. The sagittal infrapatellar acoustic 

window in maximally flexed joint was the most 

appropriate. Using a convex 7.0 MHz 

transducer, we obtained the best results as 

reported by Gnudi et al. (2001), Kramer et al. 

(1999), Reed et al. (1995) and Muzzi et al. 

(2009) for knee joint structures in dogs. This 

experimental OA model was characterized with 

inflammatory onset – intraarticular effusion and 

swelling of the suprapatellar joint recess, and 

later, by degeneration (bone contour 

segmentation). In the middle of the survey 

period, fibrosis, cartilage fragmentation, 

menisci protrusion and bone affections were 

predominant. The thickening of the synovial 

layer of the joint capsule was a constant 

echography finding. By means of 5-7.5 MHz 

transducers, Kramer and Gerwing (1996) have 

detected effusion, thickening, fibrosis and 

osteochondral lesions in canine shoulder and 

stifle joints, as well as joint instability by means 

of dynamic scanning.  

The correlation analysis showed a 

statistically significant positive relationship 

between signs which are specific for one 

imaging technique (radiography or 

ultrasonography) and could not be detected by 

the other. Therefore, the detected symptoms of 

disease are more numerous and the picture of 

osteoarthritis – more detailed, if both diagnostic 

imaging methods are combined. 

 

Conclusion 

Diagnostic imaging studies in the used 

chemical (monoiodoacetate) experimental 

model of osteoarthritis revealed dynamic 

progressive changes in treated knee joints, 

typical for the naturally occurring disease.  

Radiography visualized mainly late bone 

changes (osteophytes, subchondral bone 

sclerosis, cysts, remodelling) by the 2
nd

-3
rd
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month. The ultrasonography was useful in 

detecting early changes in soft articular tissues 

(effusion, cartilage defects, and capsule 

fibrosis). The strong correlation between 

radiological and ultrasound knee joint scores 

suggested that the combined use of both 

diagnostic imaging techniques was more 

beneficial to obtain a detailed insight into 

canine osteoarthritis. 
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