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ABSTRACT
A fractious feedlot steer was diagnosed with hind-limb lameness at 19 d on-feed. Clinical examination 

(Week 0) revealed white line separation of both lateral digits of both hind feet. Debridement confirmed 

toe-tip necrosis syndrome and the steer was treated with oxytetracycline (20 mg/kg, SC) and meloxicam 

(0.10 mg/kg, SC). Radiographs revealed osteolysis of P3 bones of both lateral digits, and by Week 4 the 

medial claw of the right hind foot was similarly affected. Clinical and radiographic examinations were 

conducted over a 25-week period. Rectal temperature, body weight (BW), cortisol (salivary and hair), 

haptoglobin, and complete blood (cell) counts were obtained over a 22-week period. New horn growth 

covered the debrided sole defects by Week 7, and radiographs confirmed remodelling of the P3 bones. 

At slaughter (Week 25), both hind feet appeared normal except for the lateral digits being longer than 

the medial digits. Radiographs indicated permanent changes in the P3 bones. Although this animal 

had osteolysis in 3 of 4 hind-limb digits, it was successfully treated with antimicrobial therapy and 

debridement on Week 0 followed by a second debridement in Week 2. Early intervention and debriding 

are central to preventing other sequelae such as deep digital sepsis.

Key clinical message:

A feedlot steer diagnosed with toe-tip necrosis syndrome, including osteolysis of 3 of 4 hind-limb digits, 

was successfully treated with debridement and antimicrobial therapy. Radiographic examinations 

confirmed remodeling of the distal phalanges (P3) and absence of active infection 25 wk after treatment. 

This case underscores that feedlot animals with osteolysis of multiple P3 bones can be treated successfully 

using debridement and antimicrobials.

RÉSUMÉ
Évolution clinique d’un cas de syndrome de nécrose de l’extrémité des orteils chez un 

bœuf de boucherie

Un bœuf de boucherie rebelle a reçu un diagnostic de boiterie des membres postérieurs après 19 jours 

d’alimentation. L’examen clinique (semaine 0) a révélé une séparation de la ligne blanche des deux doigts 

latéraux des deux pieds postérieurs. Le débridement a confirmé le syndrome de nécrose de l’extrémité des 

orteils et le bœuf a été traité avec de l’oxytétracycline (20 mg/kg, SC) et du méloxicam (0,10 mg/kg, SC). 

Les radiographies ont révélé une ostéolyse des os P3 des deux doigts latéraux et, à la semaine 4, l’onglon 

médial du pied postérieur droit était également affectée. Des examens cliniques et radiographiques ont 
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T he first documented report of toe-tip necro-

sis syndrome (TTNS) involved an outbreak of 

“transit-related lameness” in a group of Jersey 

heifers purchased at a New Zealand auction. Over a 3-week 

period, animals developed a hind-limb lameness. The pri-

mary lesion involved separation of laminae and subsequent 

necrosis/abscess formation of affected claws. Mechanical 

trauma and weight-bearing forces placed on the claws 

during transportation were thought to have resulted in 

separation of the laminae of the distal phalanx (1). Shortly 

thereafter, Sick et al (2) described a similar clinical scenario 

involving beef cattle housed in feedyards in Iowa (USA). 

Depending on the stage of the disease, debridement of the 

toe (“nipping”) revealed a hematoma, an abscess, or black 

necrotic tissue. The authors speculated that improper 

handling of hyperexcitable animals resulted in abrasion 

to the apical sole of the hind claws, resulting in white line 

separation (WLS).

Although the epidemiology and clinical findings of TTNS 

have been well described (3–5), there has been confusion 

regarding the disease’s nomenclature, with multiple names 

suggested: toe abscess, toe ulcer, toe necrosis, toe-tip necro-

sis, P3 necrosis, and apicus necrotica. The International 

Committee for Animal Recording (ICAR) (6) attempted to 

address this issue by defining “toe necrosis” as “necrosis of 

the tip of the toe with affection of bone tissue,” a “toe ulcer” 

as a “circumscribed purulent and necrotizing inflamma-

tion of the corium of the claws at the toe,” and “white line 

disease” as “separation of the white line with or without 

purulent exudation” (6). In practice, feedlot veterinary 

practitioners see all 3 diseases (toe necrosis, toe ulcers, and 

WLS) as a continuum of a single disease; hence, we prefer 

the term “toe-tip necrosis syndrome (TTNS),” because it 

encompasses these manifestations and myriad sequelae.

Although the etiopathogenesis of TTNS is not fully under-

stood, the “abrasion theory” postulates that excessive wear 

of the solar horn results in separation along the apical 

portion of the white line. The excessive wear is assumed to 

be the inciting cause of the disease (7). Outbreaks cluster 

by pen, often involve fractious animals, and mostly occur 

within days to weeks of arrival to the feedlot (7). Wet 

pasture and pen conditions may result in softer claw horn 

tissue, leading to increased horn wear (8). Trace mineral 

deficiencies have also been implicated as a potential risk 

factor (7). In addition, overcrowding and improper animal 

handling causes animals to become agitated and push 

against the animals in front of them. This results in the 

abrasion of the hind feet, especially on coarse flooring sur-

faces such as concrete, which often become wet with urine 

and manure. Abrading the apical portion of the toe damages 

the white line, allowing bacteria to colonize the claw, with 

the secretion of hydrolytic enzymes degrading the lami-

nar junctions. Ambulation leads to cycles of loading and 

unloading, which has been replicated in vitro and shown to 

été réalisés sur une période de 25 semaines. La température rectale, le poids corporel (PC), le cortisol 

(salivaire et pileux), l’haptoglobine et une numération globulaire complète ont été mesurés sur une 

période de 22 semaines. La croissance de nouvelle corne recouvrait les défauts de la sole débridée dès 

la semaine 7, et les radiographies ont confirmé le remodelage des os P3. À l’abattage (semaine 25), les 

2  pieds postérieurs semblaient normaux, à l’exception des doigts latéraux, plus longs que les doigts 

médiaux. Les radiographies ont montré des modifications permanentes des os P3. Bien que cet animal 

présentait une ostéolyse de 3 des 4 doigts des membres postérieurs, il a été traité avec succès par un 

traitement antimicrobien et un débridement à la semaine 0, suivi d’un second débridement à la semaine 2. 

Une intervention et un débridement précoces sont essentiels pour prévenir d’autres séquelles, telles que 

le sepsis digital profond.

Message clinique clé :

Un bœuf de boucherie chez qui un syndrome de nécrose de l’extrémité des orteils, incluant une ostéolyse 

de 3 des 4 doigts des membres postérieurs, a été traité avec succès par débridement et traitement 

antimicrobien. Les examens radiographiques ont confirmé le remodelage des phalanges distales (P3) et 

l’absence d’infection active 25 semaines après le traitement. Ce cas souligne que les animaux d’élevage 

présentant une ostéolyse de plusieurs os P3 peuvent être traités avec succès à l’aide d’un débridement 

et d’antimicrobiens.

(Traduit par Dr Serge Messier)
Can Vet J 2025;66:514–522
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FIGURE 1.  Photographic images taken at the initial clinical examination (Week 0) following debridement of the left (A) hind limb and before 
debridement of the right (B) hind limb of an Angus cross steer diagnosed with toe-tip necrosis syndrome while housed in a commercial feedlot 
in Alberta.

L — Lateral claw; M — Medial claw.

FIGURE 2.  Radiographic images taken 1 d after the initial examination (Week 0) following debridement of the left (A) and right (B) hind limbs of an 
Angus cross steer diagnosed with toe-tip necrosis syndrome while housed in a commercial feedlot in Alberta. Black arrows indicate the widening 
of vascular channels, and the white arrow points to the occurrence of osteolysis of the P3 bone.

L — Lateral claw; M — Medial claw.
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contribute to degradation of the white line (9). Under load-

ing conditions, the white line gapes open, allowing manure 

and other organic material to become impacted within the 

white line; Trueperella pyogenes and Escherichia coli are 

commonly recovered from diseased feet (5). The lateral 

claws are more commonly affected due to the biomechan-

ics of walking, in which most of the load on the hind feet 

is supported by the lateral claws (10). Clinical lameness 

likely manifests once the infection penetrates the highly 

vascularized and innervated corium, resulting in a toe 

abscess. Disease progression leads to osteolysis (11) of the 

distal phalanx (toe necrosis), with the infection potentially 

FIGURE 3.  Radiographic images taken 4 wk (Week 4) following debridement of the left (A) and right (B) hind limbs of an Angus cross steer diagnosed 
with toe-tip necrosis syndrome while housed in a commercial feedlot in Alberta. White arrows point to the occurrence of osteolysis of the P3 bones.

L — Lateral claw; M — Medial claw.

FIGURE 4.  Radiographic images taken 7 wk (Week 7) following debridement of the left (A) and right (B) hind limbs of an Angus cross steer diagnosed 
with toe-tip necrosis syndrome while housed in a commercial feedlot in Alberta. Gray arrows point to the occurrence of reparative remodeling of the 
P3 bones.

L — Lateral claw; M — Medial claw.
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spreading to other soft tissues and P2. In some cases, an 

ascending infection of the hind limb results in tenosyno-

vitis, cellulitis, and myositis. Hematogenous spread of 

bacteria to more distant organs such as the liver, lungs, and 

kidneys is not uncommon and results in death (2).

In North American feedlots, the condition may go unde-

tected until the stage of P3 necrosis. Furthermore, logistics 

and a lack of facilities are impediments to surgical interven-

tion. Cattle given a putative diagnosis of TTNS are typically 

administered systemic antimicrobials and may have the 

toe tip debrided (“tipped”) to confirm the diagnosis and 

facilitate drainage. A poor prognosis is often given to cattle 

with moderate to severe TTNS, resulting in euthanasia or 

cattle being salvaged for slaughter (“railed”).

The study objectives were to describe the clinical pro-

gression of TTNS in a feedlot steer and to document lesion 

healing following debridement and antimicrobial therapy.

CASE DESCRIPTION
A fractious, 181.4-kilogram Angus cross feedlot steer that 

was 19 d on-feed (DOF) was identified by feedlot pen-

checkers as exhibiting a hind-limb lameness with no obvi-

ous signs of swelling or injury. These clinical signs were 

consistent with TTNS. The animal was removed from its 

home pen and placed in a holding pen for researchers to 

examine. The apex of each of the 4 hind claws was trimmed 

using a set of hoof-nippers to determine if the horn tissue 

was healthy, or conversely to confirm if the claw had toe-tip 

necrosis. Over a 22-week period, serial clinical and radio-

graphic examinations were conducted, along with blood, 

saliva, and hair sampling to monitor physiological param-

eters. Because the animal was hyperexcitable at handling, 

reliable lameness gait scores could not be obtained. The feet 

were obtained at slaughter (Week 25) and radiographed at 

the Western College of Veterinary Medicine (Saskatoon).

FIGURE 5.  Radiographic images, taken post-slaughter, of the left (A) and right (B) hind limbs of an Angus cross steer diagnosed with toe-tip necrosis 
syndrome while housed in a commercial feedlot in Alberta. The gray arrow indicates progressive healing of P3 osteitis, the black arrow points to the 
improved appearance of vascular channels, the white arrow highlights a stable cortical defect in the left lateral claw, and the vertical (diagonal striped) 
arrow indicates the formation of new bone in the right lateral claw.

L — Lateral claw; M — Medial claw.
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Hoof-testers did not elicit a pain response in the diseased 

claws, which was generally the case throughout the study. 

At the time of initial clinical examination (Week 0), both 

left and right lateral claws had evidence of WLS. Debriding 

the claw horn revealed necrosis of the horn tissue of the left 

lateral claw (Figure 1 A) and a purulent, bloody discharge 

of the right lateral claw (Figure 1 B). No attempt was made 

to resect the diseased P3 bones. In addition to undergo-

ing debriding of the necrotic horn tissue, the steer was 

administered oxytetracycline (20 mg/kg) and meloxicam 

(0.10 mg/kg) SC. The claws were left unbandaged and the 

animal was placed in a hospital pen. Radiographs were 

obtained 1 d after the initial examination (Week 0) and on 

Weeks 2, 4, 7, 13, 19, 22, and post-slaughter (Week 25). 

Initial radiographs (Week 0) revealed signs of an aggressive 

primary bone disease characterized by widened vascular 

channels on the left lateral P3, suggesting osteitis, though 

infection was uncertain (Figure 2 A). In addition, osteolysis 

was observed in the lateral (4th) digit of the right hind limb 

(Figure 2 B), whereas the medial digits in both hind limbs 

appeared normal. On Week 2, treatment of the affected 

digits involved debridement of all necrotic horn tissue. 

By Week 4, both left (Figure 3 A) and right (Figure 3 B) 

medial claws had developed WLS, and radiographs revealed 

osteolysis of the medial P3 bone and progressive lysis of 

bilateral lateral digits. New sole formation was evident in all 

4 claws by Week 7; however, the steer became febrile (41°C) 

and had lost 10 kg of BW since Week 5. On radiographs 

obtained on Week 7, affected P3 bones (Figures 4 A, B) 

showed signs of reparative remodeling. By Week 7, the 

steer was treated as a presumptive case of bovine respi-

ratory disease (BRD) and administered SC injections 

of florfenicol (40 mg/kg BW) and flunixin meglumine  

(1.0 mg/kg BW).

By Week 22, clinical examination revealed that, aside 

from the lateral claws being longer than the medial claws, 

the claws appeared grossly normal. At slaughter (Week 25), 

radiographic findings demonstrated progressive healing of 

P3 osteitis, bilateral increased horn growth, and improved 

vascular channel appearance, along with a stable cortical 

defect of the left lateral claw (Figure 5 A) and new bone of 

the right lateral claw (Figure 5 B). The right medial digit at 

this point appeared normal.

This steer was part of a larger research project that 

involved monitoring rectal (body) temperature and physiolog-

ical parameters: salivary cortisol, hair cortisol, haptoglobin, 

and complete blood (cell) counts (CBC) (Table 1). This study 

was approved by the Lethbridge Research and Development 

Centre’s (Lethbridge, Alberta) Animal Care Committee (ACC 

#1817). Briefly, for the salivary cortisol, saliva was collected, 

stored, and analyzed as described by Meléndez et al (12). The 

inter-assay coefficient of variation (CV) was 17.1% and the 

intra-assay CV was 4.6%. Hair samples for cortisol concen-

tration analysis were collected, processed, and analyzed as 

described by Moya et al (13). The inter-assay CV was 12.4% 

and the intra-assay CV was 5.9%. Blood samples for hapto-

globin were collected, stored, and analyzed as described by 

Meléndez et al (14). The inter-assay CV was 22.0% and the 

intra-assay CV was calculated at 8.6%. Blood samples for CBC 

were collected as described by Meléndez et al (12). The CBC 

was done using a HemaTrueHematology Analyzer (Heska, 

Loveland, Colorado, USA), which provided red and white 

(WBC) blood (cell) counts, monocyte-to-lymphocyte ratio, 

and platelet counts.

TABLE 1.  Descriptive summary of body weight and physiological parameters obtained during the initial examination (Week 0) 
and at subsequent sampling weeks (from 1 to 22) for a crossbred Angus steer diagnosed with toe-tip necrosis syndrome while 
housed in a commercial feedlot in Alberta.

	 Sampling week

Item	 0	 1	 2	 3	 4	 5	 7	 9	 11	 13	 16	 19	 22

Body weight, kg	 181.4	 190.5	 208.7	 222.3	 231.3	 249.5	 239.5	 271.7	 312.5	 326.6	 371.9	 417.3	 462.9
Salivary cortisol, mg/dL	 0.25	 0.44	 0.26	 0.72	 0.25	 0.45	 0.30	 0.16	 0.15	 0.10	 0.28	 0.17	 0.25
Hair cortisol, pg/mg	 6.04	 —	 9.62	 —	 6.32	 —	 —	 —	 7.30	 —	 4.17	 —	 3.07
Rectal temperature, °C	 39.4	 39.8	 40.3	 40.1	 40.2	 40.0	 41.0	 39.3	 39.4	 39.6	 40.0	 39.4	 39.5
Haptoglobin, mg/mL	 1.74	 0.10	 0.11	 0.07	 0.10	 1.10	 0.42	 0.06	 0.08	 0.07	 0.02	 0.05	 0.09
RBC, 106/mL	 8.5	 8.8	 8.4	 8.8	 8.7	 8.6	 8.8	 7.6	 8.5	 8.9	 8.9	 9.6	 9.4
WBC, 103/mL	 13.2	 13.7	 13.7	 14.6	 10.3	 13.1	 11.5	 14.0	 9.1	 8.9	 11.4	 13.5	 11.4
M:L ratio	 0.26	 0.16	 0.23	 0.22	 0.18	 0.19	 0.22	 0.19	 0.17	 0.10	 0.20	 0.25	 0.17
Platelets, /mL	 558	 611	 437	 403	 417	 363	 362	 381	 326	 336	 283	 265	 250

M:L — Ratio between absolute counts of monocytes and lymphocytes; RBC — Red blood cell count; WBC — White blood cell count.
“ — ” Indicates no occurrence of sampling.
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DISCUSSION
This case was unique in that the animal developed osteolysis 

or osteomyelitis of the distal phalangeal bone (P3) in 3 of the 

4 hind claws, with the 2 lateral claws most severely affected. 

Previous research indicates that the lateral claws are more 

commonly affected, as most of the load on the hind feet is 

supported by the lateral claws (10). Despite the severity of 

the disease, radiographs confirmed the clinical impression 

that the animal had fully recovered by the time of slaughter. 

Although aggressive surgical intervention such as resection 

of P3 has been highly effective (11), this requires a veteri-

narian trained to conduct this procedure. Furthermore, if 

. 1 claw is affected, as in this case, claw amputation is not 

an option. Generally, lame feedlot cattle are administered 

antimicrobials and monitored for recovery.

The treatments described herein are within the scope of 

trained personnel, with the main challenge being restraint 

of the animal during debridement, which in this case was 

facilitated by securing a rope at the level of the fetlock and 

extending the leg directly behind the animal. Claw ampu-

tations can be done in a similar manner, but a tip-table 

enables much better restraint. It is important to highlight 

that, because TTNS frequently affects . 1 claw (5,7,11), 

all claws must be examined before a block is applied or 

claw amputation contemplated. In our case, aftercare was 

uncomplicated, no topical antimicrobials or bandages were 

applied, and the animal was housed in a dirt-floor hospital 

pen. Segregation in hospital pens reduces competition at 

the feed bunk and simplifies handling for reassessments.

The use of radiographs to confirm P3 bone necrosis is 

not novel (7,11). However, to our knowledge, this is the 

first case report to document the progression of TTNS in a 

feedlot animal from diagnosis to slaughter, using clinical 

examinations, serial radiographs, and physiological param-

eters. The steer in this report had a clinical presentation 

similar to that in most TTNS cases. The steer developed a 

lower hind-limb lameness shortly after arrival to the feed 

yard, and there was no obvious swelling of the affected feet. 

This is a typical presentation unique to TTNS (2,7). The 

diagnosis can easily be confirmed by trimming the apex of 

the claws, with further debridement to remove all necrotic 

horn tissue. Aggressive debridement to the point of curet-

tage of P3 may be required (11) and would also require the 

use of regional anesthesia. If clean, dry bedding is unavail-

able, then application of a bandage should be considered.

This case was consistent with previous reports that visual 

toe lesions are often poorly correlated to the underlying 

pathology (7,15). Identifying toe pathology such as WLS, 

with or without purulent material, is best viewed as the pro-

verbial “tip of the iceberg,” with more extensive pathology, 

such as osteolysis of the P3 bone, often occurring within the 

hoof (15). This animal was only 19 DOF when diagnosed, 

yet both lateral claws had developed obvious signs of oste-

olysis. These findings underscore how rapidly the disease 

can progress from a mild, early-stage lameness to a recom-

mendation for euthanasia. Previous research demonstrated 

that 81% of animals diagnosed with TTNS within 5 DOF 

died within 15 d of treatment, with 65% euthanized due to 

intractable lameness (7). This highlights the importance of 

treating all TTNS cases as having potential to develop into 

deep digital sepsis, which encompasses a range of patholo-

gies, including P3 osteitis, P2 osteomyelitis, sepsis of the 

distal interphalangeal joints, and tenosynovitis of the flexor 

tendon sheath (16).

The physiological parameters in the present case were 

largely unremarkable. Previous studies reported variable 

associations between stress, inflammatory biomarkers, 

and clinical outcomes (17–20). However, few studies have 

documented associations between the biomarkers used in 

this study and lameness in beef cattle. The steer described 

in this case was febrile ($ 40°C) at 6 of the 13 time points 

when body temperature was measured. This was consistent 

with a previous study in which feedlot cattle diagnosed with 

toe necrosis were febrile, whereas those with other forms 

of lameness (foot rot, digital dermatitis, or laminitis) were 

afebrile (21). Given the animal’s consistently excitable 

behavior during handling, the elevated body temperatures 

(aside from Week 7) were likely confounded with the typical 

increase seen in more excitable animals due to handling-

related stress.

Salivary cortisol and haptoglobin concentrations, as 

well as platelet counts, were correlated with the disease. 

Hair cortisol and other CBC parameters showed slight 

variations across the sampling time points. Salivary cortisol 

increased over the first 3 wk of the study, when the animal 

was likely experiencing the most claw-related pain, and 

then tapered to basal levels by the end of the study. Basal 

serum cortisol concentrations in cattle range between 

0.15 and 0.25 mg/dL, with peak concentrations between 

0.60 and 2.0 mg/dL, depending on the stressor and ani-

mal (19). Haptoglobin concentration was greatest for 

Week 0 (1.74 mg/mL), suggesting that the steer had a 

marked inflammatory process occurring at the time of the 

initial assessment. Elevated blood haptoglobin concentra-

tion has been used to detect inflammation and disease in 
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cattle (17,22). The decrease in haptoglobin concentrations 

between Weeks 0 and 2 could be attributed to a reduction 

in inflammation following toe nipping/debridement and 

antimicrobial administration. Platelet counts were highest 

in the first 4 wk, likely related to infection and stress due 

to long-term pain (23). Basal platelet counts in cattle range 

between 160 and 800/mL of blood (23). Cattle diagnosed 

with toe-tip necrosis were reported to exhibit greater blood 

platelet and lymphocyte counts and lower WBC counts than 

those diagnosed with foot rot or injury (21).

It is noteworthy that the steer in this case developed BRD 

between Weeks 5 and 7. Haptoglobin increased dramati-

cally at Week 5 and salivary cortisol increased to a lesser 

extent, whereas WBC and the monocyte-to-lymphocyte ratio 

were equivocal. Haptoglobin has been positively associated 

with BRD in calves (17,18). The steer also lost 10 kg BW 

between Weeks 5 and 7, which was the only period when 

weight loss was observed over the 22-week study period. 

Thus, haptoglobin concentrations, BW, and rectal body 

temperature were all consistent with a BRD diagnosis. 

Whether the second administration of antimicrobials at 

Week 7 contributed to the healing of the claws is unknown. 

However, the regrowth of the solar horn tissue, declin-

ing haptoglobin and salivary cortisol concentrations and 

platelet counts, and radiographic evidence of progressive 

healing of the P3 bones before the BRD event suggested that 

the Week 7 antimicrobials may not have contributed to the 

recovery from TTNS. This steer was finished at 300 DOF 

with a final BW of 646 kg.

This case highlights that feedlot animals with osteolysis 

of multiple claws can be treated successfully with low-cost 

antimicrobials (oxytetracycline) and debridement. In addi-

tion, debriding may need to be repeated, but the procedure 

is relatively simple and can be done by trained feedlot 

workers. Implementing low-stress handling techniques, 

particularly acclimating cattle upon feedlot arrival to reduce 

animals’ stress levels on future handling occasions, along 

with improved flooring in handling facilities, such as sand 

with proper drainage, is crucial for reducing the incidence 

of toe-tip necrosis in feedlot cattle. This approach not only 

enhances animal welfare but also has significant economic 

benefits for the beef industry.
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