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Introduction
Osteosarcoma is a malignant neoplasm of mesenchymal 
spindle cells that produce an extracellular matrix of bone 
or osteoid.1 Osteosarcoma is the most common primary 
feline bone tumor, accounting for approximately 70–80% 
of all primary bone tumors found in cats.1–4 Osteosarcomas 
occur most commonly in older cats with a mean age of 
approximately 10 years.1–3,5,6 No consistent sex or breed 
predilections have been identified.2

Osteosarcomas may affect the appendicular skeleton, 
axial skeleton or extraskeletal structures.1,2 In cats with 
appendicular osteosarcomas, the pelvic limbs are more 
commonly affected than the thoracic limbs.2,4,6 Clinical 
signs of osteosarcoma vary depending on tumor location.3 
Appendicular osteosarcomas may present with swelling, 
pain, lameness and decreased joint mobility.4,5 Pathological 
fractures may also occur secondary to appendicular 
osteosarcoma.5 Axial osteosarcomas may cause dental 
problems, skull deformities, firm swellings and nasal 

discharge. Extraskeletal osteosarcomas occur more fre-
quently at vaccine and injection sites.2

Prognosis varies depending on the location of the 
tumor. In cases of axial osteosarcoma in cats, prognosis is 
generally poor with an average survival time of 6 months. 
Appendicular osteosarcoma carries a more favorable 
prognosis, particularly when treated with complete sur-
gical excision or amputation, with a reported average 
survival time of 26–49 months.5

Histologically, the mitotic index of the tumor has been 
shown to have a significant effect on survival time.1 
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Although histologically similar to osteosarcomas in 
dogs, osteosarcomas in cats carry a more favorable 
prognosis.1,5 Compared with osteosarcoma in dogs, 
feline osteosarcomas are slower growing and less likely 
to metastasize.4

Previous trauma has been shown to play a role in 
feline osteosarcoma, with numerous documented cases 
of osteosarcomas forming at old fracture sites.2,7–10 While 
many of these tumors have formed within 5 years of 
the initial trauma, others have documented late-onset 
fracture-associated osteosarcoma in a cat.7,10 Other sarco-
mas, specifically injection-site sarcomas, are known to 
form at sites of chronic inflammation in cats.

Although osteosarcoma has been reported in the digits 
of cats, none of those reports addressed the onychectomy 
status of the cat or documented malignant transformation 
of a fragment of the third phalangeal bone (P3).1,2,11 This 
report describes the diagnosis and treatment of an appen-
dicular osteosarcoma originating from a P3 fragment of 
the first digit in an onychectomized cat.

Case description
A 12-year-old neutered male onychectomized Ragdoll 
cat presented for a 3 day history of swelling and hemor-
rhagic discharge from the left manus. The cat had a his-
tory of chronic constipation, which was well managed 
with cisapride, polyethylene glycol 3350 (Miralax; Bayer) 
and canned food. The cat also had a history of feline 
asthma, which was well controlled with a daily flutica-
sone inhaler (Flovent; GSK). Medical history pertaining 
to onychectomy was unknown except that the procedure 
was performed before the owner found the cat 10 years 
prior to presentation. The cat was housed completely 

indoors with one other cat in the household. There was 
no history of inter-cat aggression.

On presentation, the cat was bright, alert, responsive 
and weighed 4.9 kg, with a body condition score of 5/9 
and a muscle condition score of 3/3.12 On physical exam-
ination, an approximately 1.5 cm firm swelling was asso-
ciated with the first digit of the left manus. A small 
amount of hemorrhagic purulent discharge was present, 
and the swelling was mobile on flexion and extension of 
the partially amputated digit. The cat also had moderate 
dental calculus present on the carnassial teeth. The phys-
ical examination was otherwise normal.

Dorsopalmar and mediolateral manus radiographs 
revealed P3 fragments present in each partially ampu-
tated digit (Figure 1). On the first digit of the left manus, 
notable soft- tissue swelling and a small amount of min-
eral opacity were noted distal to the P3 fragment.

Differentials for swelling of the digit included abscess, 
trauma, osteomyelitis, cellulitis, primary neoplasia, meta-
static neoplasia, subungual cyst and claw regrowth under 
the skin resulting from remaining germinal cells in the P3 
fragment. To further assess the cat for potentially meta-
static disease, three-view thoracic radiographs were also 
evaluated (Figure 2). No abnormalities were identified in 
the thoracic cavity, and a board-certified veterinary radi-
ologist confirmed that there was no evidence of primary 
or metastatic neoplasia. A complete blood cell count, 
chemistry and urinalysis revealed mild prerenal azotemia 
with a creatinine of 1.7 mg/dl and a urine specific gravity 
of 1.055. The results were otherwise considered within 
the reference intervals established for feline patients on 
the Abaxis Vetscan VS2 and HM5 analyzers used. The cat 
received a single subcutaneous injection of cefovecin 

Figure 1  (a) Dorsopalmar view of the left and right thoracic limbs, (b) lateral view of the left thoracic limb and (c) lateral view of 
the right thoracic limb. The arrows indicate the swelling and associated fragment of the third phalanx of the first digit of the left 
manus. P3 fragments of consistent size and shape are visible in each previously partially amputated digit
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(Convenia; Zoetis) 8 mg/kg for infection. Gabapentin 
(Wedgewood Compounding Pharmacy)  
5 mg/kg PO q12h was prescribed for chronic pain and 
surgical removal of the swelling and remaining P3 frag-
ments was recommended.

Ten days later, the purulent discharge resolved, but 
the ulcerated swelling remained. The cat was premedi-
cated with a single intramuscular injection of dexme-
detomidine (Dexdomitor; Zoetis) 10 µg/kg, butorphanol 
(Torbugesic; Zoetis) 0.2 mg/kg and ketamine (Zetamine; 

VetOne) 2 mg/kg. A 22 G intravenous catheter was 
placed in the medial saphenous vein, and anesthesia was 
induced with propofol (PropoFlo; Zoetis) 3 mg/kg IV 
given to effect. The cat was intubated and maintained on 
isoflurane (Fluriso; VetOne). A four-point ring block was 
performed, as described elsewhere,13 using bupivacaine 
(Bupivacaine Hydrochloride; Hospira). Surgery was 
performed to remove the swelling, the associated P3 
fragment and the P3 fragments present in the other par-
tially amputated digits. Grossly, the excised swollen tis-
sue contained a mass originating from the previously cut 
edge of the P3 fragment. The mass of tissue and associ-
ated P3 fragment were submitted to a reference labora-
tory for histopathological evaluation.

Postoperative pain was managed with a combination 
of buprenorphine (Simbadol; Zoetis) 0.18 mg/kg SC 
q24h for 3 days, gabapentin (Wedgewood Compounding 
Pharmacy) 5 mg/kg PO q12h for 10 days and injectable 
robenacoxib (Onsior; Novartis) 2 mg/kg SC q24h for  
3 days. Mild swelling and erythema of the first digit of 
the left manus was noted postoperatively. Ice packs were 
applied to the swelling every 8–12 h, and the swelling 
resolved after 3 days.

Histopathological evaluation revealed infiltrative 
neoplastic cells composed of sheets and bundles of 
polygonal to stellate cells with spicules of unmineralized 
osteoid and neoplastic bone arising from the previously 
cut edge of the P3 fragment. Anisocytosis and anisokary-
osis were moderate, the mitotic count was three mitotic 
figures in 10 high-powered fields and osteolysis of the 
cortical bone was identified (Figure 3). Osteosarcoma 

Figure 2  (a) Ventrodorsal, (b) left lateral and (c) right lateral thoracic radiographs. No evidence of primary or metastatic 
neoplasia was identified

Figure 3  Histopathology of the neoplasm arising from the 
distal phalanx of the first digit of the left manus. Spicules 
of unmineralized osteoid and neoplastic bone are present. 
Anisocytosis and anisokaryosis are moderate with a mitotic 
count of three mitotic figures in 10 high-powered fields. 
Stained with hematoxylin and eosin, × 30 magnification
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was diagnosed. Thoracic limb amputation was recom-
mended because the tumor cells extended to the resected 
margins.

Ten days later, a left thoracic limb amputation was 
performed using the anesthetic and analgesic protocols 
as described above. No enlarged axillary lymph nodes 
could be identified at the time of surgery. A seroma 
formed at the amputation site postoperatively but 
resolved without treatment. Two weeks postoperatively, 
the amputation site was fully healed, and the cat was 
ambulatory on the remaining three limbs. Eight months 
postoperatively, the cat was still disease free.

Discussion
Onychectomy is the elective surgical amputation of the 
claws and all, or a portion of, the attached P3 bone. The 
procedure is performed to eliminate destructive scratch-
ing behaviors in cats. To our knowledge, there are no 
previously known reports of onychectomy-associated 
neoplasia published in the veterinary literature. Although 
several studies cite the digits as a location for osteosar-
coma, none of these studies reported the onychectomy 
status of the affected cats.1,2,11 The exact mechanism by 
which the onychectomy-associated osteosarcoma 
formed in this case was unknown. However, inflamma-
tion, trauma and the potential presence of surgical adhe-
sive foreign material may have played a role.

Bony amputation has been described as a method of 
onychectomy in which a guillotine-style nail clipper is 
used to iatrogenically fracture P3, severing the claw, 
growth plate and ungual crest of P3 from the flexor pro-
cess, leaving a portion of the fractured bone present in 
each partially amputated digit.14 Although the onychec-
tomy method used in the cat in the current case report 
was unknown, the large consistent size and shape of 
fragments of P3 identified in each partially amputated 
digit suggests that the guillotine technique was likely 
used. Onychectomy may also be performed by disartic-
ulating P3 at the distal interphalangeal joint using a 
scalpel or surgical laser.14,15 Although less common than 
with the guillotine method, remnants of P3 may inad-
vertently be left behind in the disarticulation method as 
well.14,16 In a 2016 survey of veterinarians who perform 
onychectomy, only 5.4% were aware that fragments of 
P3 were being left behind at the time of the procedure.17 
However, one study found that 63% of the onychecto-
mized cats evaluated had P3 fragments left behind at 
the time of surgery, and those cats were the most at risk 
for postoperative complications related to the onychec-
tomy procedure.16

In the current case, osteosarcoma tumor cells extended 
from the previously cut edge of P3 with no gross attach-
ment to the first or second phalanx. Fracture-associated 
osteosarcomas have been reported in numerous species, 

including cats.2,7–10 Other forms of trauma have also been 
linked to osteosarcoma development in soft tissues. 
Extraskeletal osteosarcomas have been reported in the 
eye secondary to ocular trauma,18,19 the duodenum sec-
ondary to a foreign body reaction,20 the mammary 
gland,21 metatarsal foot pad,22 muscle tissue23 and at vac-
cination sites.24 Trauma was thought to play a role in the 
development of osteosarcoma in these cases. It is plausi-
ble that osteosarcoma developed in the current case sec-
ondary to the trauma that occurred to the bone during 
the onychectomy procedure.

A strong association between chronic inflammation 
and neoplastic change has been established in cats.25 
Injection-site sarcomas, which may include osteosar-
coma formation, have been well documented.24,26–28 
Similar- type sarcomas have been reported at the micro-
chip implantation site of a cat, as well as at the site of a 
subcutaneous fluid port.29,30 The presence of foreign 
material was thought to contribute to the chronic inflam-
matory process in these cases.29,30 Tissue glue, which is 
commonly used during closure of onychectomy, has 
been shown to cause a mild-to-moderate inflammatory 
reaction, and the foreign material must be broken down 
by macrophages in the body.31 Although it was unknown 
if tissue glue was used in the current cat, a 2016 survey of 
veterinarians who perform onychectomy found that 
approximately 70% use surgical adhesive during clo-
sure.17 In our opinion, chronic inflammation and a high 
likelihood of the presence of foreign material in the sur-
gical site may have contributed to neoplastic change in 
this case.

Information about the onychectomy procedure in this 
case was unavailable, and a direct causal relationship 
between the onychectomy and the malignant transfor-
mation of the P3 fragment could not be definitively 
proven. Consideration must be also given to the hypoth-
esis that this cat could have developed osteosarcoma 
independently of the onychectomy, and that the tumor 
originating from the previous surgical site was purely 
coincidental. The age of the cat and prolonged time frame 
between onychectomy and osteosarcoma development 
may support this hypothesis.

Onychectomy has been linked with numerous compli-
cations, including pain,14,32–34 infection,14,33,35 hemor-
rhage,33,35 swelling,33 lameness,14,33–35 incomplete healing,35 
reluctance to jump,14 reluctance to scratch,14 chewing at 
the digits,14 neuropathic pain,14 neuropraxia,35 claw 
regrowth,14,16,33–35 protrusion of the second phalanx,33,35 
callused and misshapen toe pads,33,35,36 tissue necrosis,35 
increased aggression and biting behavior,37 inappropriate 
elimination,16,34,37 back pain,16 muscle loss,34 barbering,16 
and flexor tendon contracture.36,38 Based on the current 
case, neoplasia may also be considered a potential compli-
cation of onychectomy in cats.
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Conclusions
The trauma that occurred to P3 during onychectomy and 
resulting chronic inflammation may have played a role 
in the development of osteosarcoma in this cat. Neoplasia 
associated with onychectomy has not previously been 
reported in the veterinary literature and might be con-
sidered a potential complication. In our opinion, it is 
imperative that veterinarians educate owners about the 
numerous and potentially life-threating risk factors after 
onychectomy in cats.
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