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Abstract 
 
Objective- To investigate and quantitate radiological and clinical changes in tissues and 
structures of the claws affected by Rusterholz ulcer.   
Design- Cross-sectional and Descriptive study 
Animal- Seven culled lame cows were affected with “Rusterholz” ulcer 
Procedures- Forty one culled lame cows of 1135 culled cows having digital disorders which 
were randomly selected for clinical and radiographic studies. Seven culled lame cows were 
affected with “Rusterholz” ulcer. After recording information for each cow, affected digit was 
amputated and carried to the Veterinary Teaching Hospital, Radiology Department for more 
detailed radiographical studies. Four radiographs were taken from each case, and the exposure 
factors of 85-95 KV, 25 mA in 0/04-0/02 seconds were used. New bone formation, pedal osteitis, 
osteomylitis, soft tissue swelling and gas density were indices considered for assessing the 
severity of the disease. 
Results- Radiological examination showed the chronic lesions of sole ulceration were 
accompanied by alterations in bone structure of phalanx, with soft tissue swelling, new bone 
formation, osteitis and gas density. In most cases clinical features suggested of chronic laminitis. 
The “Rusterholz” ulcer was manifested as a painful, purulent discharge from the perforation site 
and affected cows were lost their weight significantly. In cases with deep sepsis, the swelling 
was appeared focally in bulb heel of the involving digit.  
Conclusion and Clinical Relevance- According to the result of this study, radiological and 
clinical information play a significant role in clarifying the predicting lameness treatment or 
culling the dairy cows suffering from chronic and recurrent lameness.  
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Introduction 
 
Lameness is one of the most important disorders of dairy cows. Lameness accounts for 
considerable economic cost due to lose in milk yield,1 weight and fertility2 and increases the risk 
of culling.3 The majority of bovine lameness involves structures of the digit. 4,5,6,7 Sole ulcers 
known as “Rusterholz” ulcer is typical lesion of the primary causes of lameness in most Iranian 
herds.8 Sole ulcers can progress after initial lesions such as overgrowth and subclinical laminitis. 
Sole ulcers tend to occur in typical sites; the most reported site is the junction of the axial heel 
and sole. It is a painful condition and therefore lameness. The most severe are seen with 
complicated cases in which ascending infection of lower part and horizontally infection of upper 
parts of digital region affects the deeper structures of the claw.8 Inevitably, with regards to low 
level of farmer’s training and awareness, the risk of foot disease not being discovered until the 
infectious has penetrated into the deeper layers.8,9 Because diagnosis of the disease by the 
pathological process is irreversible, a radiographic study was undertaken to follow the bone 
change. Radiographic examination of feet with early solar ulceration showed no bony changes in 
the third phalanx.10 Zantinga (1973) observed that not all open lesions of the sole are associated 
with pedal bone changes; osteolytic or proliferative changes are secondary to an inflammatory 
reaction or develop progressively due to either persistence of external lesions or as a result of 
aseptic or septic complications.10,11 The findings are in contrast to the findings of other authors 
who observed exostosis of the plantar process and at insertion of the flexor tendon in solar 
ulceration.12,13,14 
The purpose of this study was to investigate and quantitate radiological and clinical changes in 
tissues and structures of the claws affected by Rusterholz ulcer.   
 
Materials and Methods 
 
During winter of the year 2006, the cross-sectional and descriptive study was carried out at an 
abattoir in the vicinity of Tehran. Forty one culled lame cows of 1135 culled cows having digit 
disorders which were randomly selected for clinical and radiographical purpose. Among 41 
culled lame cows; seven cases were affected by Rusterholz ulcer. The owners were inquiring 
using a questionnaire to record information about culled lame cow. The claws and interdigital 
space of amputated limb cleaned thoroughly with water and a brush before radiography to be 
able to exactly diagnose the kind of injury in the radiographic projections. A Toshiba X-ray 
machine (model DC-12M) was used in this study. Four radiographs were taken from each case, 
in lateromedial or mediaolateral, dorsopalmar/dorsoplantar, dorsolateral-palmaromedial / 
dorsolateral-plantaromedial and dorsomedial-palmarolateral / dorsomedial-plantarolateral 
oblique views. Radiographs were recorded by the mammography cassettes, and the exposure 
factors of 85-95 KV, 25 mA in 0/04-0/02 seconds were used. New bone formation, pedal osteitis, 
soft tissue swelling, and gas density were indices considered for assessing the severity of the 
disease. Digital examination of the affected limb afforded assistance in determining a diagnosis. 
In each case, records of extent and type of swelling, locomotion scoring15 (1 = Stands and walks 
normally; 2 = Stands with flat back, but arches when walks; 3 = Stands and walks with an arched 
back. Short strides with one or more legs; 4 = Arched back standing and walking. One or more 
limbs favored but at least partially weight bearing. 5= Arched back, refuses to bear weight on 
one limb. May refuse or have great difficulty moving from lying position.), claw changes of the 
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affected digit with Rusterholz ulcer. Finally, the findings were discussed descriptively. 
  
Results 
 
Radiographic images taken from the involved digits of the seven culled lame cows depicted a 
quite wide range of radiographic signs such as soft tissue swelling, new bone formation, osteitis 
and gas density were observed mostly in the hindlimbs (Fig. 1). All signs were relatively the 
same as forelimbs and the hindlimbs. These signs were distributed in different sizes; they were 
more significant considering the increased infection and the involvement of other neighboring 
structures, such as coffin’s joint, distal sesamoid bone and the other digit. Most of the cases had 
deep septic of digital bone. And lesions were observed in cattle in between 4 to 7 year-old. 
Radiological examinations showed chronic lesions of sole ulceration were accompanied by 
alterations in the structure of third phalanx (Fig. 2,3,4). In most cases chronic osteophytes of 
extensor tendon was seen at insertion on the extensor process as well as calcification of the deep 
flexor tendon on PIII bone. And also, the increase in exostosis formation on the bearing surface, 
especially on the plantar tuberosity was seen in all cases affected by Rusterholz ulcer (Fig. 2). 
Table 1 illustrates the radiographic changes in phalanges associated with Rusterholz ulcer. 
 

Figure 1 Figure 2 Figure 3 Figure 4 
 
Figure 1. Lateral view of affected digital by sole ulcer showing a single focal round zone of radiolucency in the plantar surface 
indicates an abscess pocket containing air (white arrow). Marked soft tissue swelling around the digital region is seen. Infection 
may be involving the deep flexor tendon sheath. 
Figure 2. Dorsomedial-plantolateral oblique view of chronic osteophytes of extensor tendon is seen at insertion on the extensor 
process (small black arrow) as well as calcification of the deep flexor tendon on PIII (large black arrow). Soft tissue swelling 
proximal to the coronary band and gas density (white arrow) into the wall are present. 
Figure 3. Dorsoplantar view of the affected digit by sole ulcer showing bony ankylosis. Reactive periosteal new bone formation is 
seen on P II and P III. Periosteal response on P II and P III is typical for a chronic infectious process due to the soft tissue inflammation. 
Figure 4. Dorsoplantar view of affected digit by Rusterholz ulcer showing septic arthritis and osteomyelitis of distal digital joint. 
Sever destruction lead to joint luxation (White arrow).  
 
All the cases showed signs of disability in weight bearing. Problems with weight bearing, arching 
of the backbone, lowering of the head and holding abducted of the affected limb were considered 
as the significant clinical features, in evaluation of locomotion scoring. Locomotion scoring 
assessment of 7 culled lame cows showed score ranged from 4 (14.2%) to 5 (85.7%). Rusterholz 
ulcer was manifested as a painful, conformational abnormalities; purulent discharge from the 
perforation site and affected cows were lost their weight significantly, and preferred to lie. In 
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cases with deep sepsis, the swelling was appeared focally in bulb heel of the involving digit (Fig 
2). There have seen excessive pulsation of the artery over the metacarpal bone. Clinical findings 
recorded from 7 cases had some similarities to the solar surface had no natural wearing and 
showed an increase in thickness of the keratinized tissues (Fig 2). In all cases, the horn of the 
plantar part of the claw was lost and result to be established of oval or circular perforation. In all 
cases, the horn was merely discolored and softer than usual, and periople part was distended (Fig 
2). Table 2 summarizes the clinical features of digital regions in seven culling lames cows 
affected with Rusterholz ulcer. 
 

Table 1. Radiographical changes in phalanges of seven culled lame cows affected by Rusterholz ulcer. 
 

Type of lesions Fore limb Hind limb Total 
No. of cases (%) No. of cases (%) No. of cases (%) 

Exostosis 
Volar process 1 (14/2 %) 5 (71/4 %) 6 (85/7 %) 

Extensor process 1 (14/2 %) 5 (71/4 %) 6 (85/7 %) 
Plantar tuberisity 1 (14/2 %) 6 (85/7 %) 7 (100 %) 

Osteoarthritis - 4 (57/1 %) 4 (57/1 %) 
Bony ankylosis - 1 (14/2 %) 1 (14/2 %) 

Increase in joint width - 3 (42/8 %) 3 (42/8 %) 
Periosteal 

proliferation  
P II bone 1 (14/2 %) 6 (85/7 %) 7 (100 %) 
P I bone 1 (14/2 %) 5 (71/4 %) 6 (85/7 %) 

Pedal osteitis 1 (14/2 %) 6 (85/7 %) 7 (100 %) 

Gas density into  the soft tissue 1 (14/2 %) 2 (28/5 %) 3 (42/8 %) 
the claw 1 (14/2 %) 5 (71/4 %) 6 (85/7 %) 

Widened vascular channels 1 (14/2 %) 5 (71/4 %) 6 (85/7 %) 
 

Table 2. Clinical features of digital regions in seven culled lames cows affected with pododermatitis circomscripta. 
 

Type of lesions 
Fore limb Hind limb Total 

No. of cases (%) No. of cases (%) No. of cases (%) 
Type of digital 

Swelling 
Symmetric 1 (14/2 %) - 1 (14/2 %) 

Asymmetric - 6 (85/7 %) 6 (85/7 %) 
Periople distention 1 (14/2 %) 5 (71/4 %) 6 (85/7 %) 

Extension of digital 
swelling  

Local 1 (14/2 %) 6 (85/7 %) 7 (100 %) 
Generalized - - - 

Signs of laminitis  1 (14/2 %) 5 (71/4 %) 6 (85/7 %) 
Inappropriate therapy (incorrect or 

incomplete claw trimming) 1 (14/2 %) 6 (85/7 %) 7 (100 %) 

 
Discussion 
 
On radiographic examination, a considerable amount of new bone formation and gas density 
within the affected digit were observed. The best way of detailed differential diagnosis of these 
lesions is radiography. However, radiographic signs of foot infection should be interpreted in 
conjunction with other clinical information. 
Soft tissue swelling proximal to the hoof wall is a consistent finding in cattle with foot 
infections.16,17 Periosteitis commonly occurs in the extremities such as phalanges and leading to 
exostosis. In the present study, this condition was seen mostly in the hindlimb. Calcifications of the 
deep flexor tendon on the P III bone as well as chronic osteophyte of the common digital extensor 
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tendon insertion on the third phalanx were the most commonly findings. It has been claimed that 
exostosis of the deep flexor tendon at its point of insertion, is seen at the point directly dorsal to 
many cases of ulceration of the sole.18 On other hand, abnormal stance and abnormal gait are the 
important predisposing factors leading to excessive traction on the tendon. 8,18  
Zantinga (1973) indicated that exostosis of the deep flexor tendon is not an invariable 
accompaniment to sole ulcer, particularly in younger animals.11 Maclean (1966) suggested that the 
presence of this lesion could be used as an aid to diagnose laminitis in barley-fed beef cattle.19 
Therefore, the prevalence of osteopathy in the P III bone of the culling lame cows is further 
evidence that laminitis occurred in this group of animal.  
In the present study, the increase in exostosis formation on the bearing surface, especially on the 
plantar tuberosity was seen in all cases affected by Rusterholz ulcer. Whereas the corium is 
exposed, infection can invade the deeper structures of the claw and travel proximally to involve 
the claw structures, resulting in necrosis of the posterior part of the P III bone. 
Radiographic evaluation of joints is an important part of the diagnostic work up for lameness. On 
the basis of these radiographic findings some joint disorders such as osteoarthritis, bony 
ankylosis of joint and increase in joint width were diagnosed in this study. These joint disorders 
were mostly seen in those cases that had swelling or expanding at digital region. In this study 
about 57/1 % of DJD was observe to occur in the distal interphalangeal joint. DJD is a sequel of 
both traumatic injuries and septic arthritis. 15,20,21 Any septic process in these soft tissue structures 
may extend into the joint capsule and cause septic arthritis of the joint. Increase in joint width in 
cattle is often mistakenly regarded as merely an interphalangeal subluxation in these cases. 
Moreover, the factors which are not infectious (subluxation and absence of weight-bearing) and 
infectious (effusion, septic condition) can be the reasons of this event. 8,20,22  
In the present study, the bony ankylosis on the P II and P III bone was seen in one cases affected by 
sole ulcer. Periosteal response on P II and P III is typical for a chronic infectious process due to the 
soft tissue inflammation.20 A part of this response may be due to an effort to strengthen otherwise 
weakened bone or it may be an effort to create a bony wall to contain the infectious process.20 
Also, ankylosis may produce from dynamic compression related to abruptly abnormal motion, 
resulting in subluxation of the interphalangael joint with noninfectious source, while ankylosis of 
the coffin joint can be as a factor that causes subluxation in the pastern joint.8  
On radiographic examination, markedly widened vascular channel on the dorsal surface were 
observed in about 85/7 % of cases. In chronic cases, the widened vascular channels were 
considered sign of laminitis,8,19,20 whereas the other observations also were made in affected 
claw. Evaluation of these cases and correlation of the Rusterholz ulcer with radiographic changes 

Figure 5. (Left) Widening of the periople in the 
involved digit of the culled lame cow. 
 
Figure 6. (Right) The heel bulb on the lateral 
digit is wider than the medial digit. Both signs in 
the involved digital were the permanent features of 
the culled lame cows, suggestive of the presence 
of deep sepsis in the lateral digit.                                 
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show that the bone lesions, characterized by new bone formation, osteolysis and osteophytosis 
develop progressively; these signs are due to the persistence of the external lesion, or as a result 
of the extension of aseptic or septic complications. In this study most of animals had shown signs 
of chronic laminitis, and post mortem examination revealed that typical changes of chronic 
laminitis were among the most common pathological features, suggesting that laminitis may have 
affected virtually all the herd at some previous time. Clinical signs including: the claws were 
much taller and more boxy than normal and the abaxial wall was concave in all directions. A 
bark-like substance occurred on the wall in some cases. Nilsson and Maclean suggested these 
signs for chronic laminitis. 23,24 And other hand, current opinion about the cause of sole ulcers 
favors the concept that subclinical laminitis damages horn producing tissues, with the result that 
the sole horn is softened.22  
Once the corium is exposed, infection can invade the deeper structures of the claw and travel 
proximally to involve the claw structures, resulting in necrosis of the flexor tendon, ligament of 
the navicular bone, the posterior of part of the PIII bone and distal sesamoid, rather than the more 
anterior part of the digit. Infection involving the distal interphalangeal joint produces marked 
swelling. In complicated cases, infection may even travel up the deep flexor tendon 
sheath.8,22,25,26 Furthermore, traumatize characteristics in these cases increased potentially 
culminated in penetration of infectious agents from the skin surface into the deep tissues of the 
digit which stimulated the accelerated new bone formation.8 In our experience, all culled lame 
cattle with asymmetrical swollen digit had deep sepsis of the digit. Clinical findings related to the 
rate of chronic heel swelling and the apparent condition of the claw capsule can be proper factors 
for the prognosis of the P3 changes. Deep sepsis of a digit usually results in asymmetrical 
swelling of the foot, with the majority of swelling located on the side of the affected digit, and 
also deep sepsis of a digit is characterized by appreciable widening of the periople part on the 
affected side (Nouri M., Nowrouzian I., unpublished observation). On the basis of the history of 
cases presented in this study, the deep sepsis of digit had mainly occurred following misdiagnosis, 
inappropriate therapy. The possibilities of necrosis or anatomical changes of infected or non-infected 
tissue and the resultant loss of blood supply prevent effective concentrations of antimicrobials to 
reach all areas of bacterial colonies.  
In conclusion, according to the result of this study, radiological and clinical information play a 
significant role in clarifying the predicting lameness treatment or culling the dairy cows suffering 
from chronic and recurrent lameness.  
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  چكيده
  

تفسير راديوگرافيك: زخم كف راستر هولز در گاوهاي شيري حذفي مبتلا به لنگش  
 

1داوود فسخودي, 2سيد حسين مرجانمهر, 1ايرج نوروزيان, 1عليرضا وجهي, *1محسن نوري  

 

  .ايران, تهران, دانشكده دامپزشكي دانشگاه تهرانگروه آموزشي پاتوبيولوژي 2 و گروه آموزشي علوم درمانگاهي1
 

  .   ارزيابي و بررسي موارد حذفي گاوان شيري مبتلا به زخم كف راسترهولز از ابعاد راديولوژي و باليني :هدف
    .مقطعي و توصيفي: طرح

  . هفت مورد گاو شيري حذفي مبتلا به زخم كف راسترهولز :حيوانات
 و پذيرفتصورت د دام حذفي مبتلا به لنگش مور  41برروي هفت مورد از  1384در طول زمستان سال مطالعه حاضر  :كار روش

انتخاب و مورد مطالعه به شكل تصادفي ) به دلايل مختلف(راس گاو شيري حذفي  1135اين جمعيت مبتلا به لنگش از ميان 
داروي ظهور بودن بسته به ضخامت نمونه، تازه يا كهنه از چهار نما شرايط لازم براي تصويربرداري(، راديولوژي )درجه لنگش(باليني 

براي  . قرار گرفتند) ثانيه تعيين مي شد 02/0يا  04/0ميلي آمپر در  250كيلو ولت با 95تا  85و ثبوت و نوع حالت گماري، بين 
  .ارزيابي شدت بيماري، از چهار فاكتور تشكيل استخوان جديد، ليز استخواني، تورم نسج نرم و حضور دانسيته گاز استفاده شد

بند سوم انگشت، تورم نسوج نرم، تزايد  راديوگرافي ضايعات مزمني از زخم كف را كه با تغيير در ساختار استخوانارزيابي : نتايج
در بيشتر موارد ريخت باليني . استخواني جديد، ليز استخواني و حضور گاز در نسوج نرم نواحي انگشت همراه شده بود را نشان داد

هاي مبتلا شامل درد، خروج چرك و افت تظاهرات باليني زخم كف راسترهولز در دام .حكايت از التهاب مزمن نسج مورق داشت
  . هاي حذفي مبتلا به زخم كف بودندهاي دامترين چهرهاتساع پريوپل و تورم نامتقارن نواحي پاشنه از ويژه. شديد وزن دام بود

هاي ت راديولوژي نقش مهمي در پيشگويي حذف يا درمان دامنتايج اين مطالعه نشان داد كه اطلاعا :و كاربرد باليني نتيجه گيري
  . نمايدمبتلا و مزمن بازي مي

  زخم كف راسترهولز، حذف، گاو شيري، لنگش، انگشت، جراحت، راديوگرافي  :كليد واژگان
  


