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Osteosarcoma (OSA) is the most common primary bone neoplasm affecting
dogs and the appendicular bones are frequently affected, accounting for
up to 80% of reported cases. After tumor diagnosis and staging, surgery
followed by adjuvant chemotherapy is the standard treatment of care. The
purpose of this narrative literature review is to describe the anatomical
landmarks and amputation techniques performed in the treatment of canine
appendicular OSA, also using cadaveric models to demonstrate it. Surgical
treatment options may include amputation of the affected limb, considered the
standard of care. For thoracic limbs anterior quarter amputation, amputation
with shoulder disarticulation, and midhumeral amputation. For pelvic limbs,
amputation with hemipelvectomy, amputation with hip disarticulation, and
midfemoral amputation. Anatomical knowledge is fundamental for performing
a meticulous and correct technique, which allows a lower risk of recurrence and
intra-operative and post-surgical complications.
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1 Introduction

The most prevalent bone neoplasm in dogs is osteosarcoma (OSA). The incidence of
OSA is higher in large to giant dog breeds, which often complicates clinical and therapeutic
management, although it can also affect medium and small breed dogs and cats (1, 63).
Given the highly aggressive nature of this neoplasia, especially in the canine species, in
which the prognosis can range from guarded to poor, immediate surgical intervention is
recommended to achieve local control (2).

For appendicular OSA, due to its locally aggressive behavior, the surgical procedure
prioritizes local control through wide or radical excisions (3–6). Limb amputation remains
the most frequently performed radical technique. Radical excision involves complete
removal of the anatomical compartment or structure of origin, including techniques such
as amputation (7).
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While effective for local disease control, it may directly impact
the patient’s quality of life, particularly in cases with concurrent
articular/neuromusculoskeletal comorbidities or obesity (2, 8).
Therefore, the patient’s overall condition, tumor aggressiveness,
and lesion location should guide the surgical plan, as these factors
play a crucial role in determining the prognosis (3, 8).

To perform limb amputation techniques in the treatment of
OSA, knowledge of the topographic anatomy of the bones, joints,
ligaments, tendons, muscles, blood vessels, and nerves of the limb
are essentials to avoid unnecessary dissection and transection.
Therefore, this article aims to describe the radiosurgical approaches
for the treatment of appendicular OSA in dogs, based on current
best practices and evidence, with particular emphasis on relevant
anatomical considerations. For this purpose, canine cadavers
were used.

2 Literature review

2.1 Canine osteosarcoma

OSA is a primary malignant bone neoplasm that affects both
dogs and other vertebrate species, including humans. This cancer
is characterized by the proliferation of osteoblastic mesenchymal
cells with abundant osteoid matrix production. It is up to 50 times
more frequent in dogs, although its true incidence remains poorly
characterized (9). Anatomically, OSA in dogs primarily affects the
skeletal system, including both the axial and appendicular skeleton
(9, 10), with the appendicular skeleton accounting for 70–80% of
cases (11). The thoracic limbs are more frequently affected than the
pelvic limbs, potentially related to their greater weight-bearing role
and subsequent bone stress (12). OSA may also arise in extraskeletal
sites, such as the spleen and mammary glands, though such cases
are rare (9, 13). In long bones, the metaphyseal region is the
predominant site for tumor development, particularly the proximal
humerus, distal femur, and proximal or distal tibia (1, 10, 12, 63).

The epidemiology of appendicular OSA exhibits distinct
species-specific patterns between humans and canines. In humans,
OSA is a rare malignancy with a peak incidence during adolescence
(14). Conversely, in dogs, OSA demonstrates a higher prevalence
among elderly populations and represents one of the most
frequently diagnosed tumors in large- to giant-breed dogs (1).
It is most commonly diagnosed in large to giant dog breeds,
including Saint Bernard, Great Dane, Irish Setter, Irish Wolfhound,
Doberman Pinscher, Rottweiler, German Shepherd, and Golden
Retriever (1, 63). Notably, both species exhibit a bimodal age
distribution, with disease onset observed in both juvenile and
geriatric individuals (1, 14). In dogs, the disease exhibits a bimodal
age distribution, with incidence peaks in middle-aged to elderly
dogs (7–9 years) and young dogs (<3 years) (9).

The primary tumor causes severe bone destruction, periosteal
reaction and adjacent soft tissue invasion and swelling, leading
to pain, lameness, and potential pathological fractures (1, 63). Its
biological behavior is highly aggressive, with metastatic potential
exceeding 90% in dogs (2, 9). Diagnosis is based on clinical history,
lameness, localized limb swelling, radiographic evidence of bone
lysis or destruction, and cytological or histopathological evaluation.
Definitive confirmation requires histopathological analysis (1).

Staging involves imaging to assess pulmonary metastasis. Thoracic
radiography (sensitivity: 71–95%) or computed tomography (CT)
may be used, with CT being more sensitive, particularly in large to
giant breeds (2, 15).

The management of appendicular OSA has seen limited
progress over recent decades, with therapeutic strategies remaining
largely unchanged. Current standard-of-care approaches include
surgical resection or radiotherapy when available and adjuvant
chemotherapy such as cisplatin or carboplatin (2, 7, 16, 17). Given
the high rate of distant metastasis, systemic chemotherapy remains
essential to improve overall survival and should be initiated as
early as possible after surgery. The timing of chemotherapy has
been identified as a prognostic factor, as dogs receiving adjuvant
treatment within 5 days after amputation achieved a median
survival time of 375 days compared with 202 days in those that
started later (p = 0.005) (18).

Surgery is the first-line treatment to remove the primary tumor
and provide analgesic relief. Approaches include radical techniques
(e.g., limb amputation) and limb-sparing procedures such as
scapulectomy (11, 16), partial ulnectomy, bone segment excision
followed by reconstruction using cortical allografts, metallic
endoprostheses (8, 61), endo-exoprostheses (19), pasteurized
tumor autografts (20), ulnar rollover transposition (4), limb
shortening (62), or bone transport distraction.

Emerging approaches leveraging immunotherapy and targeted
therapies represent a promising frontier in OSA research
(21). A deeper understanding of the tumor microenvironment
and host immune response may enable the development of
treatments that inhibit immune checkpoints and proteins critical
to tumor progression and metastasis (22). Novel immunotherapies,
including immune checkpoint inhibitors, dendritic cells vaccines,
chimeric antigen receptor T cells, and specific antibodies are
currently undergoing preclinical evaluation in vitro and in early-
phase clinical trials (21, 22). Despite promising research, canine
oncology lags significantly in the development of commercially
available therapies that could improve OSA clinical outcomes in
dogs, with minimal advancements over the past decades (23).

2.2 Key anatomical landmarks of the
thoracic and pelvic limbs in dogs

According to the Nomina Anatomica Veterinaria (60, 64),
the canine thoracic limb, a component of the appendicular
skeleton, comprises four segments: the scapular girdle (cingulum
membri thoracici, formed by the scapula and clavicle, the latter
being vestigial or absent in most dogs), the brachium (skeleton
brachii, arm, represented by the humerus), the antebrachium
(skeleton antebrachia, forearm, consisting of the radius and ulna),
and the manus (skeleton manus, paw, including the carpus,
metacarpus, digits with phalanges, and associated sesamoid bones).
Beyond osseous structures, intrinsic musculature—originating and
inserting within the limb itself—plays a critical role in facilitating
articular movements.

In the lateral scapular and shoulder region, the deltoideus
muscle (comprising spinal and acromial portions) lies superficially,
overlaying the deeper supraspinatus and infraspinatus muscles,
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which run parallel to the scapular spine. The medial scapular and
shoulder region is characterized by the teres major, subscapularis,
and coracobrachialis muscles. Caudal to the humerus, the triceps
brachii muscle (with long, lateral, medial, and accessory heads),
anconeus muscle, and tensor fasciae antebrachii muscle are situated,
while cranial to the humerus, the biceps brachii and brachialis
muscles are prominent.

The craniolateral antebrachium includes the extensor carpi
radialis, common digital extensor, lateral digital extensor, lateral
ulnar, supinator, and abductor pollicis longus muscles (24).
Conversely, the caudomedial antebrachium features the flexor carpi
radialis, superficial digital flexor, deep digital flexor, flexor carpi
ulnaris, pronator teres, and quadrate pronator muscles (66). These
muscles collectively enable precise limb mobility, joint stabilization,
and force transmission during locomotion.

The nerves that innervate the thoracic limb originate from
the brachial plexus, which courses caudoventrally between
the subscapularis, supraspinatus, and serratus ventralis muscles.
Adjacent to the brachial plexus on the medial aspect of the limb
lies the axillary artery, which branches into the subscapular artery
(along the caudal scapular border) and the circumflex scapular
artery (near the shoulder joint). The axillary artery continues
as the brachial artery, running along the medial brachium and
maintaining proximity to the musculocutaneous, radial, median,
and ulnar nerves. Distally, the brachial artery transitions into
the median artery within the antebrachium. The median artery
gives rise to the radial artery, which follows the caudomedial limb
margin, and the ulnar artery, which courses laterally and distally
alongside the ulnar nerve. These arteries further branch into dorsal
and palmar carpal arteries (66).

The pelvic limb of dogs is composed of four segments: the pelvic
girdle is formed by the coxal bone (ilium, pubis, and ischium),
including the acetabulum (hip joint), sacroiliac joint, and pelvic
symphysis (pubic and ischial symphyses); the thigh is represented
by the femur and patella; the leg comprises the tibia and fibula; and
the foot includes the tarsus, metatarsus, and digits (phalanges and
associated sesamoid bones).

The intrinsic musculature of the pelvic limb, essential for
articular motion, is organized regionally. The lateral hip muscles
include the tensor fasciae latae, gluteus medius, and gluteus
profundus (25, 26). The caudal hip is composed of the internal
obturator, external obturator, gemelli, and quadratus femoris
muscles. In the cranial thigh, the iliacus and quadriceps femoris
(rectus femoris, vastus medialis, vastus lateralis, and vastus
intermedius) play key roles. The caudal thigh comprises the biceps
femoris, semitendinosus, and semimembranosus muscles, while the
medial thigh includes the sartorius, gracilis, pectineus, and abductor
muscles (25, 26). The leg musculature is divided into cranial and
caudal groups: the cranial muscles consist of the cranial tibial,
long fibular, short fibular, long digital extensor, and lateral digital
extensor, whereas the caudal muscles include the gastrocnemius,
popliteus, superficial digital flexor, and deep digital flexor (25,
27).

The extrinsic musculature of the pelvic limb consists of the
superficial gluteal, piriformis, and psoas major muscles, which are
responsible for movement and stabilization by connecting the limb
to the trunk (66). On the medial aspect of the pelvic limbs, there is a

small anatomically significant region known as the femoral triangle,
named for its geometric shape. This structure lies beneath the
deep medial femoral fascia and is bordered cranially by the caudal
edge of the sartorius muscle and caudally by the cranial border
of the pectineus muscle. Within this key anatomical landmark
are the femoral artery, the primary arterial supply to the pelvic
limb, which is positioned cranially to its corresponding vein, and
the saphenous nerve, a branch of the femoral nerve that may be
located cranial or lateral to the femoral artery (25). Proximally, the
iliopsoas muscle is found, while the vastus medialis muscle lies in a
deeper position.

The nerves that innervate the pelvic limb originate from the
lumbosacral plexus. Among them, the sciatic nerve runs caudally
to the greater trochanter of the femur, along the lateral aspect of
the thigh, and distally branches into the tibial and common fibular
nerves (25, 66).

2.3 Anatomy and surgical excision of
peripherical lymph nodes of interest–brief
description

Veterinary oncological surgery has been gaining increasing
popularity, and lymphadenectomy in dogs and cats, previously
rarely performed, has been reviewed in recent years due to its
diagnostic and prognostic relevance in many neoplasms. However,
despite being highly metastatic, OSA rarely spreads to the lymph
node. In a study of appendicular OSA, lymph node metastasis was
found in only 10/228 (4.4%) cases (28).

Although lymphadenectomy in dogs has gained prominence in
the literature, there are still few surgical descriptions for peripheral
lymph node excision, which likely results in increased operative
time and increased tissue trauma due to difficulty identifying
the structures of interest, and, consequently, increased overall
risk associated with the procedure (29). Recently, some technical
descriptions have been published detailing surgical approaches to
optimize lymph node harvesting, particularly from the axillary and
superficial inguinal lymph centers (30–33).

Worden et al. (29) compared lymphadenectomies of the
afore mentioned lymph nodes using the technique based on
superficial anatomical landmarks with the standard surgical
approach and the methylene blue dye-guided approach, performed
by novice surgeons on canine cadavers. The authors concluded
that landmark-guided lymphadenectomy may be useful in reducing
surgical time, tissue injury, and difficulty. The landmark-guided
technique reduced the time to identify axillary lymph nodes,
alleviated the subjective difficulty of superficial inguinal lymph
node excision, and decreased tissue trauma during axillary and
superficial inguinal lymphadenectomies (29).

With the exception of inguinal lymphadenectomy,
routine limb amputation inherently includes popliteal
lymphadenectomy (in cases of pelvic limb amputation via
coxofemoral disarticulation or hemipelvectomy) and superficial
axillary/cervical lymphadenectomy (in forequarter amputation
including scapulectomy). Nevertheless, histological evaluation of
the lymph nodes is important, as it helds prognostic information
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for canine OSA; therefore, the pathology request form should
emphasize the inclusion and identification of the lymph node (28).

Lymph nodes draining the thoracic limbs include the principal
axillary lymph node and the superficial cervical lymph nodes. The
principal axillary lymph node (Lnn. axillares proprii) is located
medially to the shoulder joint at the level of the first and second
ribs, adjacent to the thoracodorsal artery and vein, axillary artery
and vein and the brachial plexus, embedded in adipose tissue, in a
location that is difficult to access due to the robust musculature of
the thoracic limb, beneath the aponeurosis between the latissimus
dorsi and deep pectoral muscles (31). The rate of presence of the
accessory axillary lymph node varies in dogs, but is frequently low:
13.8% (present in 4 of 29 dogs) (34), 4.3% (4/90 dogs) (35), with a
slightly higher incidence of 25% being reported (36). When present,
the accessory axillary lymph node is attached to the medial and
deep part of the latissimus dorsi muscle at the level of the third or
fourth intercostal space (31). Those lymph nodes drains the muscles
and tendons of the limb, excluding the shoulder, elbow, carpal, and
phalangeal joints (37).

For axillary lymphadenectomy, the patient can be positioned
in lateral recumbency, with the thoracic limb on the side to be
accessed abducted and extended cranially to expose the axillary
region at the level of the first intercostal space. The region between
the dorsal border of the superficial pectoralis muscle and the
ventral border of the latissimus dorsi muscle can be identified
as a palpable depression in the caudal axillary region and close
to the ipsilateral lateral chest wall. After a 3-cm skin incision,
starting approximately 6 cm caudal to the caudal border of the
triceps brachii, in the direction of the division of the first identified
muscles, the cutaneous muscle of the trunk is divulsed, and the
intersection between the latissimus dorsi and superficial pectoralis
muscles is separated with blunt dissection. By separating the
fascia that connects them, the thoracodorsal nerve is visualized,
and immediately dorsal to it is the main axillary lymph node,
surrounded by adipose tissue and adjacent to the axillary artery
and vein (31). The surrounding adipose tissue is dissected to
visualize the main axillary lymph node, followed by hemostasis
of the afferent and efferent vessels with absorbable monofilament
suture (size 4-0). The latissimus dorsi muscle can be elevated and
reflected through the incision to expose its deepest portion; when
present, the accessory axillary lymph node is attached to this more
ventral part, within the musculature itself or surrounded by fat, but
caudal to the main lymph node and can also be excised. The surgical
site is closed with myorrhaphy of the latissimus dorsi muscle, deep
pectoralis and latissimus dorsi, followed by subcutaneous tissue
suture and then dermorrhaphy (30–32).

As an alternative to the open technique, considering reduced
incision size and dissection, in addition to the absence of the need
for aggressive muscle retraction, Kuvaldina et al. (31) developed
and described a minimally invasive endoscopic technique for
excisional biopsy of axillary lymph nodes in dogs. The authors
conclude that the endoscopic technique is feasible and can be used
in patients in whom an excisional biopsy of the axillary lymph node
is necessary.

The superficial cervical lymph nodes (Lnn. cervicales
superficiales) lie deep to the brachiocephalicus muscle, cranial
to the supraspinatus muscle and superficial cervical artery, along

the prescapular branch. These nodes drain the antebrachium,
carpus, metacarpus, and digits (37). In superficial cervical
lymphadenectomy, the patient is positioned in lateral recumbency,
with the neck extended and the forelimbs directed caudally. A
skin incision is made 3.0 cm cranial to the scapulohumeral joint,
at the level of the acromion. After divulsion of the subcutaneous
tissue, the omotransversus muscle is identified, and medial to
it, the lymph node can be exposed for removal. The procedure
is completed with synthesis of the subcutaneous tissue and skin
(38, 39).

The lymph nodes responsible for draining the pelvic limbs
include the sacral, popliteal, occasionally the medial femoral, and
the superficial inguinal lymph nodes. The sacral lymph nodes
are located within the pelvic cavity and drain the muscles of the
ischiatic region of the pelvis. The superficial popliteal lymph node
represents the only lymph node in the popliteal lymphatic center,
is situated on the caudal surface of the gastrocnemius muscle,
specifically within the popliteal fossa between the biceps femoris and
semitendinosus muscles, with the lateral saphenous vein adjacent
(40). It drains the lateral regions of the knee joint, tibia, tarsus,
metatarsus, and phalanges. When present, the medial femoral
lymph node is found on the medial aspect of the thigh, adjacent to
the caudal border of the femoral vessels, and may contribute to the
drainage of the medial regions also drained by the popliteal lymph
node (37).

For popliteal lymphadenectomy, the patient may be in the
lateral recumbency position for a skin incision in the caudal region
of the knee joint (38, 39). Immediately after opening the skin
plane and divulsing the subcutaneous tissue, the adipose tissue
containing the lymph node is visualized and then dissected for
excision (38, 39). The technique ends with the synthesis of the
accessed tissue planes.

Dogs have up to four superficial inguinal lymph nodes, which
form part of the inguinofemoral lymph center. These lymph nodes
are located caudal to the inguinal mammary glands, approximately
1.0 cm from the linea alba, between the dorsolateral penile edge
and the level of the bulbus glandis in males (32, 40). They are
responsible for draining the caudal portion of the pelvis, the lateral
and medial aspects of the thigh, as well as the craniomedial regions
of the knee joint, tibia, tarsus, metatarsus, and digits (37).

According to Worden et al. (33), the application of a geometric
technique guided by anatomical landmarks can optimize inguinal
lymph node identification, increasing surgical safety. Thus, the
anatomical landmarks that can be considered in inguinal lymph
node excision in dogs form the center of a triangle that can be
previously delimited by connecting the papilla of the inguinal
mammary gland, the base of the pectineus muscle, and the midline
of the shaft of the penis in males, or the midline between the
inguinal mammary glands (33).

For inguinal lymphadenectomy, the patient should be in dorsal
recumbency and pelvic limbs must be abducted and extended
caudally to expose the inguinal region. After visual and palpable
delimitation of the three previously mentioned anatomical points,
the inguinal lymph node is found in the most central region,
surrounded by adipose tissue in the inguinal region and adjacent
to the external pudendal artery and vein where it can be removed
after ligation of its afferent and efferent vessels (33, 40).
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3 Surgical approach: amputation

Amputation is a common procedure in canine and feline
clinical practice, particularly indicated for appendicular bone
neoplasms (41). It is often the only means of achieving wide
tumor excision and remains the treatment of choice for local
disease control and pain relief in dogs with OSA (5, 6,
42). A thorough preoperative assessment—including physical,
neurological and orthopedic examination, a complete blood count,
serum biochemical profile, urinalysis, and tumor staging—is
essential when evaluating candidates for amputation. Although
the procedure has relatively low morbidity and mortality, it is
inherently invasive and traumatic, and could lead to significant
blood loss (41).

Partial amputations are seldom recommended and should only
be considered when prosthetic use is planned. Even in cases of distal
neoplastic lesions, high-level amputation is preferred, as partial
amputation without a prosthesis may result in excessive residual
limb length, predisposing the patient to pressure ulcers and trauma
(41). Intracapsular/intralesional amputation leaves residual tumor
at the amputation site, while marginal amputation requires an
excision the tumor near its pseudocapsule. A wide amputation
removes normal bone tissue proximal to the tumor and adjacent
soft tissues without an intervening joint between the amputation
site and lesion. A radical amputation resects at least one joint
proximal to the lesion, along with en bloc removal of involved soft
tissues, ligaments, and tendons, establishing a natural anatomical
barrier between the amputation site and tumor (41, 42).

OSA cells exhibit collagenolytic activity, degrading bone matrix
through collagen breakdown. Within joints, this activity is partially
inhibited by cartilage-derived collagenase inhibitors (43). Although
joints are typically considered natural barriers to OSA invasion
(44), tumor penetration remains possible, particularly in the
coxofemoral joint. The ligament of the femoral head, which
penetrates articular cartilage, may act as a conduit for neoplastic
cells into the joint space. Additionally, soft tissue involvement (e.g.,
synovium, joint capsule) can facilitate invasion (41, 45).

Radical-margin amputation is the preferred surgical procedure
for OSA due to its efficacy in local tumor control and analgesic
benefits. However, even in patients without evidence of distant
metastases, this intervention should be considered palliative rather
than curative, given the high rate of distant metastases and the
limited overall survival times reported in the literature, even with
multimodal therapy. It may also serve as a palliative option for
patients with macroscopic metastases or those with pathological
fractures (5, 42, 65).

Thoracic limbs support 60% of body weight in dogs, while
pelvic limbs bear 40% (46). Given the biomechanical implications
of amputation, thorough patient evaluation and selection are
critical (41, 47). A comprehensive preoperative assessment should
include orthopedic and neurological examinations to assess
limb function and identify any comorbidities; staging, which
should involve orthogonal thoracic radiography or CT to detect
pulmonary metastasis; and whole-body bone scintigraphy or
positron emission tomography (PET) computed tomography
(Pet-CT). Although not routinely used in clinical practice,
bone scintigraphy-PET-CT offers high sensitivity for detecting

skeletal metastases (42, 48). Special consideration is required for
giant breeds, overweight dogs, and patients with orthopedic or
neurological comorbidities, advanced degenerative joint disease,
or prior limb surgeries. While these factors represent relative
contraindications, such patients may still achieve favorable clinical
outcomes with meticulous planning (42).

Several amputation techniques have been described for
the surgical management of canine appendicular OSA in the
thoracic limb. The most commonly performed procedures include
shoulder disarticulation and forequarter amputation. Forequarter
amputation, which involves removal of the entire limb including
the scapula, is often preferred due to its technical efficiency, ability
to achieve wide or radical margins, and shorter operative time
(41). This technique has also demonstrated clinical success in
managing extraskeletal OSA involving the brachial plexus (49).
By contrast, shoulder disarticulation—a technique preserving the
scapula—may lead to complications such as muscle atrophy and
subsequent pressure injuries over bony prominences, particularly
the acromion process and scapular spine (50). Distal amputations
are less frequently employed but may be considered in limb-sparing
contexts for distal lesions, where preserving proximal limb function
remains feasible.

Similarly to thoracic limb amputation, various techniques
have been described for pelvic limb amputation in dogs,
with the most common being coxofemoral disarticulation,
femoral diaphyseal osteotomy, and en bloc amputation with
acetabulectomy or hemipelvectomy. Coxofemoral disarticulation
is the most frequently performed technique, likely due to its
technical simplicity. En bloc amputation with acetabulectomy or
hemipelvectomy may be necessary to achieve wide surgical margins
for proximal femoral tumors and naturally involvement of the
pelvis (51). However, hemipelvectomy is the preferred approach for
lesions involving the femoral head and neck, as it ensures adequate
tumoral resection while addressing the anatomical complexity of
the region (41, 47).

In a study involving 32 dogs undergoing thoracic limb
amputation and 32 dogs undergoing pelvic limb amputation,
91% of owners reported no change in the attitude of the
dogs postoperatively, and 88% noted complete or near-complete
recovery of quality of life. Additionally, 73% of patients maintained
their preoperative leisure activity levels and minor complications
(e.g., surgical site infection and seroma) occurring in 8 patients
(13%) (65).

Considering the amputation techniques described above,
adhering to an exact sequence of dissection and resection is not
the most critical factor for surgical success. The primary objective
of amputation is limb removal with secure hemostasis (41),
while minimizing additional harm to the patient. Achieving this
requires thorough anatomical knowledge, appropriate analgesia,
careful tissue handling, and meticulous wound closure. Arteries
and veins should be individually identified, dissected, and
ligated sutures (41). For larger-caliber vessels, double ligatures
combined with transfixation sutures are advisable, particularly for
arterial structures. Furthermore, literature recommends ligating
efferent veins first during tumor resection to reduce the risk of
intraoperative metastasis. By occluding venous outflow, tumor cells
are less likely to enter systemic circulation, potentially mitigating
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the release of tumor emboli (52). However, it is important to note
that this study was conducted in humans with non-small cell lung
cancer, not in dogs with OSA.

3.1 Thoracic limb amputation

To perform the high thoracic limb amputation technique,
the patient should be positioned in lateral recumbency, with the
affected limb placed uppermost. The surgical site is clipped and
aseptically prepared to establish a sterile field.

The first technique to be described is high thoracic limb
amputation (forequarter amputation), which involves removal of
the scapula. The procedure begins with a skin incision proximal to
the scapula, extending ventrally over the scapular spine to the level
of the humeral greater tubercle (Figure 1A). The incision is then
continued circumferentially around the limb at the axillary region
(Figure 1B). To minimize the risk of cutaneous ischemic necrosis,
incisions should be gently rounded rather than sharply angled,
resulting in an inverted T- or L-shaped surgical wound upon
closure. An alternative approach employs an elliptical incision
extending from the proximal scapula to the axillary region (41, 53).
Subsequent blunt dissection of the subcutaneous tissue allows
elevation of the dorsal skin flap cranially above the scapula
and caudally to the caudal border of the teres major muscle.
Dissection of the fascia caudal to the teres major and the long
head of the triceps brachii exposes the latissimus dorsi muscle
(41, 47).

Following subcutaneous dissection, muscle resection begins.
The cervical and thoracic portions of the trapezius muscle are
transected at their insertions on the scapular spine (Figure 1C).
The omotransversarius muscle is sectioned near the acromion, and
the cleidobrachialis muscle is divided ventrally. The suprascapular
artery (a branch of the superficial cervical artery) and cephalic
vein, located cranially deep to the cleidobrachialis, are ligated
with double sutures or transfixation ligatures before transection.
The omobrachial vein, superficial to its homonymous muscle, is
similarly ligated (41).

External rotation, lateral traction, or abduction of the scapula—
facilitated by a Backhaus clamp on the proximal scapular
spine—exposes the rhomboideus and serratus ventralis muscles
(Figure 1D). These muscles are either elevated from their dorsal
scapular insertions using a periosteal elevator or transected near the
dorsal scapular border (Figure 1E). Subsequent scapular abduction
reveals the brachial plexus and axillary vessels within the medial
fascia (Figure 1F), which are individually ligated and resected
(Figure 1G). The plexus may be locally blocked (e.g., 2 mg/kg
bupivacaine) prior to distal transection.

Lateral thoracic vessels and nerves are identified between the
latissimus dorsi and deep pectoral muscles (Figure 1H). Retracting
the scapula cranially tenses the latissimus dorsi, which is then
transected near its aponeurosis adjacent to the triceps brachii
(Figure 1I). Associated vessels are ligated, and nerves may be
blocked before resection. The external lateral thoracic artery,
located cranially to the superficial pectoral muscle, is ligated and
resected. Finally, the descending and transverse portions of the
superficial pectoral muscle and deep pectoral muscle are transected

ventrally (Figure 1J). Closure proceeds with layered suturing to
ensure tension-free apposition (41, 47).

Thorough hemostasis must be ensured prior to closure. The
surgical site is lavaged with warm sterile saline to remove debris
and reduce bacterial load. Muscle layers are apposed by suturing
the fascia of transected muscles (Figure 1K). The cervical portion of
the trapezius muscle is sutured to its thoracic component dorsally,
while the omotransversarius, brachiocephalicus, and ventral border
of the cervical trapezius are sutured to the latissimus dorsi. The
pectoral muscles are anchored dorsally to the ventral edge of
the latissimus dorsi and brachiocephalicus to shield the axillary
vessel ligatures. In the subcutaneous layer, dead space should be
meticulously minimized to prevent seroma formation; a closed
suction drain may be placed if necessary. Skin closure is achieved
via intradermal or cutaneous sutures, typically in an inverted T- or
L-shaped configuration (Figure 1L) (41, 53).

The shoulder disarticulation technique for thoracic limb
amputation is similar to forequarter amputation but preserves the
scapula by isolating the glenohumeral joint. A circumferential skin
incision is made around the proximal third of the humerus to access
the joint. Unlike forequarter amputation, the axillary vessels are
not ligated; however, the brachial artery and vein require double
ligation, and nerves are transected at this level following limb
abduction prior to joint disarticulation (53, 54). This technique
is less commonly performed than forequarter amputation, which
removes the entire scapula and limb segments. Preservation of
the scapula often leads to long-term muscular atrophy around the
retained bone (53).

3.2 Pelvic limb amputation

The coxofemoral disarticulation technique for pelvic limb
amputation in dogs begins with the patient positioned in lateral
recumbency, affected limb uppermost, clipped and aseptically
prepared. A semicircular skin incision is initiated cranially at the
inguinal fold, extending along the proximal third of the femur to
the ischial tuberosity (Figure 2A). The lateral aspect of the incision
is made slightly more distal than the medial aspect (Figure 2B) to
optimize tension-free closure.

The limb is abducted to expose the deep medial femoral
fascia (Figure 2C), which is dissected to identify the femoral
triangle bounded by the sartorius and pectineus muscles. Within
this triangle, the femoral artery, femoral vein, and saphenous
nerve are isolated (Figure 2D). When feasible, these vessels are
individually ligated with double sutures and transfixation ligatures
proximal to the origin of the superficial circumflex iliac and
lateral circumflex femoral branches (Figure 2E). Alternatively, each
branch is ligated separately. The medial circumflex femoral artery
and vein, located caudally within the femoral triangle, are similarly
ligated and transected. The saphenous nerve should be blocked
with local anesthetic (e.g., 2 mg/kg bupivacaine) before transection
(41, 47). With the limb abducted, the cranial and caudal portions
of the sartorius, rectus femoris, pectineus, and gracilis muscles are
transected ventrally. Deep to the gracilis, the adductor magnus
muscle is divided. Following limb adduction, dissection proceeds
to the lateral aspect (Figure 2F), ensuring complete removal of the
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FIGURE 1

Left thoracic limb (LTL) amputation in a canine cadaver positioned in right lateral recumbency. (A) Preoperative skin incision marking from the
scapular spine to the proximal third of the humerus, encircling the LTL. (B) Retracted skin edges in the axillary region, medial aspect of the LTL. (C)
Transection of the trapezius muscle portions (white arrows) at their insertions on the scapular spine. (D) Scapular abduction using a Backhaus clamp,
revealing the serratus ventralis muscle (white arrow) inserted medially on the scapula. (E) Serratus ventralis muscle separated from the costal surface
of the scapula (white arrow). (F) Dissection and isolation of the axillary artery with a Mixter forceps on the ventromedial aspect of the scapula. (G)
Axillary artery with double ligation and transfixation using 3-0 absorbable monofilament suture (Debakey forceps), alongside brachial plexus nerves
(arrowheads). (H) Lateral thoracic vessels between the latissimus dorsi muscle (grasped by Debakey forceps) and deep pectoral muscle. (I) Cranial
retraction of the scapula, transection of the latissimus dorsi muscle (arrowhead) near its aponeurosis, adjacent to the triceps brachii and teres major
muscles. (J) Preserved extrinsic muscles after transection of the superficial and deep pectoral muscles ventrally for LTL removal. (K) Myorrhaphy of
the pectoral muscles, latissimus dorsi, and trapezius muscles, protecting axillary vessel ligations. (L) Final L-shaped skin closure following LTL
amputation.
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FIGURE 2

Preoperative skin incision marking for left pelvic limb (LPL) amputation in a canine cadaver positioned in right lateral recumbency. (A) Lateral aspect
of the LPL with skin marking along the proximal third of the femur, extending from the inguinal fold to the ischial tuberosity. (B) Medial aspect of the
LPL with skin marking along the proximal third of the femur. (C) Abducted LPL revealing the femoral triangle (white arrow) beneath the deep femoral
fascia, bounded by the pectineus muscle (black arrowhead) and sartorius muscle (yellow arrowhead). (D) Dissection and isolation of the femoral
artery, femoral vein, and saphenous nerve (over Mixter forceps) within the femoral triangle (arrowhead) after opening the deep femoral fascia. (E)
Femoral artery and vein ligated proximal to the origin of the superficial circumflex iliac (white arrow) and lateral circumflex femoral branches (black

(Continued)
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FIGURE 2 (Continued)

arrow). (F) Transection of the cranial and caudal portions of the sartorius muscle (white arrows), pectineus muscle (yellow arrows), and gracilis
muscle (black arrow) ventrally. The adductor magnus muscle (under the semimembranosus muscle, red arrow) is isolated and transected. (G) Biceps
femoris muscle isolated and incised ventrally. (H) Biceps femoris muscle reflected to expose the femoral greater trochanter (white arrow) and sciatic
nerve (red arrow). (I) Sciatic nerve dissected and isolated with Mixter forceps prior to transection. (J) Articularis coxae muscle cranial to the
coxofemoral joint (black arrow). (K) Semitendinosus muscle isolated for transection ventrally. (L) Adductor longus muscle isolated for transection. (M)
Remaining cranial muscles sutured to caudal muscles to protect femoral vessel ligations and create a muscular cushion over the acetabulum. (N)
Final skin closure after myorrhaphy and dead space obliteration.

limb while preserving neurovascular structures and minimizing
soft tissue trauma.

On the lateral aspect of the limb, the skin is reflected dorsally
to expose the fascia lata and superficial periarticular hip muscles,
including the tensor fasciae latae cranially and the biceps femoris
caudally (41, 53, 55). The tensor fasciae latae is sectioned at its
fascial portion, while the biceps femoris is incised proximally along
ventral portion (Figure 2G) and reflected dorsally to expose the
femoral greater trochanter. At this stage, the superficial gluteal,
middle gluteal, deep gluteal, and piriformis muscles are identified.
Among these, only the superficial gluteal muscle inserts on the third
trochanter of the femur; the others attach to the femoral greater
trochanter and are transected near their insertions. Reflecting the
superficial gluteal and piriformis muscles exposes the caudal gluteal
artery and vein and the sciatic nerve (Figure 2H), which course
parallel to one another. The vessels are individually ligated, and the
nerve is dissected free (Figure 2I) before being blocked with local
anesthetic and transected (41, 47).

The gemelli muscles, located medially to the femoral greater
trochanter, are transected ventrally. Deep to these, the external
obturator muscle is sectioned, followed by the internal obturator
muscle at its tendons of origin. The articularis coxae muscle,
closely associated with the cranial aspect of the coxofemoral joint
capsule (Figure 2J), is incised cranially. A branch of the lateral
circumflex femoral artery is often observed in this region. On
the lateral thigh, caudal to the pelvic limb, the semitendinosus
and semimembranosus muscles are incised ventrally (Figure 2K).
Subsequently, the adductor longus muscle is similarly transected
(Figure 2L) (41, 47, 53).

The limb is abducted again to identify remaining muscles on the
medial aspect near the hip joint. The iliopsoas muscle, associated
with the femoral nerve, is transected ventrally or tendon of origin
on the femoral lesser trochanter, and the nerve is blocked (e.g.,
2 mg/kg bupivacaine) before transection. Caudally, the adductor
longus and quadratus femoris muscles are identified and incised
ventrally. The joint capsule incision is extended medially and
ventrally. If intact, the ligament of the femoral head is transected
using a No. 11 scalpel blade or Metzenbaum scissors, fully freeing
the pelvic limb (41, 47, 53).

After confirming adequate hemostasis, the surgical site is
lavaged with warm sterile saline. Remaining cranial muscles are
sutured to caudal muscles to protect femoral vessel ligations
(Figure 2M). The biceps femoris fascia is opposed to the gracilis and
semitendinosus muscles, while the tensor fasciae latae is sutured
to the sartorius and iliopsoas muscles using a continuous or
interrupted suture pattern. Dead space should be meticulously
closed, and a surgical drain may be placed if necessary. Routine
intradermal or cutaneous sutures are then performed to complete
the closure (Figure 2N) (41, 47, 53).

Complications associated with amputations are uncommon,
with overall rates of 13% (65) including surgical site infections
and seroma. An association between surgical site infections and
increased survival time was found in patients undergoing limb-
sparing procedures (42, 56), though this association was not
observed in amputated patients (57). Other potential complications
include intraoperative hemorrhage, air emboli, accidental access
into the thoracic cavity during high thoracic limb amputation,
and phantom limb syndrome (47). Neuroma may present as
focal pain at the surgical site. A rarely reported complication
is intervertebral disc herniation; Séguin et al. (41) hypothesize
that increased cervical range of motion in dogs—particularly after
thoracic limb amputation—places additional stress on the cervical
spine, elevating the risk of disc herniation (65).

Postoperative care following amputation must prioritize
analgesia and include cold compress application to the surgical
site (10–15 min every 8 h for 3–4 days). Patients should be housed
on non-slip flooring during the initial recovery phase to aid
adaptation, with short leash walks recommended for approximately
15 days. Most dogs adapt within a mean period of 4 weeks, and
the majority ambulate effectively by the day following surgery,
including large breeds (41, 42, 47).

3.3 Hemipelvectomy

Hemipelvectomy is a surgical technique involving the resection
of a pelvic segment, which may include an entire hemipelvis
(59). It is primarily indicated for the removal of malignant
neoplasms affecting the pelvic region or adjacent soft tissues (58).
This procedure demands rigorous patient selection, as orthopedic
or neurological comorbidities may compromise postoperative
ambulation (51). Successful outcomes rely on thorough anatomical
knowledge of the pelvis, associated musculature, and neurovascular
structures; adherence to surgical oncology principles; appropriate
closure techniques; and robust perioperative analgesia and
postoperative care. Due to the technique’s complexity and
invasiveness, meticulous planning and execution are critical to
minimizing complications and optimizing patient recovery (25).

Comprehensive tumor staging is essential for hemipelvectomy
to determine the presence or absence of distant metastasis. While
radiography aids in the initial diagnosis of pelvic neoplasia, it does
not provide sufficient detail to assess local tumor extent. Pelvic CT
is imperative for precisely delineating tumor location and invasion,
facilitating optimal surgical planning for OSA in this anatomical
site (25, 51).

Critical challenges in performing hemipelvectomy include
the anatomical complexity of the region, which involves
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associated muscle groups, neurovascular bundles, and
abdominal/pelvic organs—notably the urethra. Adequate closure
of the surgical defect is paramount and may utilize preserved
residual musculature or, if extensive resection is required,
polypropylene mesh reconstruction to ensure complete tumor
removal (25).

The pelvic limb can be preserved in select hemipelvectomy
techniques, provided the weight-bearing axis remains unaffected
by surgical resection. Variations in technique (Figures 3, 4) depend
on tumor type and anatomical location (58). Hemipelvectomy is
broadly classified as internal or external, following terminology
from human medicine. Internal hemipelvectomy preserves the

FIGURE 3

Lateral view of the pelvis illustrating (in pink) diferent modalities of canine hemipelvectomy. (A) Cranial internal hemipelvectomy (ileectomy):
Resection of the ilium while preserving the sacrum and acetabulum. (B) Caudal internal hemipelvectomy (ischiectomy): Removal of the ischium of a
hemipelvis. (C) Total hemipelvectomy: Total removal of one hemipelvis and the remainder of the ipsilateral pelvic limb. (D) Cranial external
hemipelvectomy: Romoval of the ilium, acetabulum, and pubis to the pelvic symphysis with limb amputation. (E) Caudal external hemipelvectomy:
Removal of the acetabulum, body of the ilium from the sacroiliac junction, ipsilateral pubis and ischium and medially to the level of the pelvic
symphysis, plus the remainder of the ipsilateral pelvic limb. Figure created using BioRender®.

FIGURE 4

Ventral view of the pelvis illustrating (in pink) different modalities of canine hemipelvectomy. (A) Cranial internal hemipelvectomy (ileectomy):
Resection of the ilium while preserving the sacrum and acetabulum. (B) Caudal internal hemipelvectomy (ischiectomy): Removal of the ischium of a
hemipelvis. (C) Total hemipelvectomy: Total removal of one hemipelvis and the remainder of the ipsilateral pelvic limb. (D) Cranial external
hemipelvectomy: Romoval of the ilium, acetabulum, and pubis to the pelvic symphysis with limb amputation. (E) Caudal external hemipelvectomy:
Removal of the acetabulum, body of the ilium from the sacroiliac junction, ipsilateral pubis and ischium and medially to the level of the pelvic
symphysis, plus the remainder of the ipsilateral pelvic limb. Photo adapted from courtesy of www.skullsunlimited.com.
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FIGURE 5

Total hemipelvectomy in a canine cadaver positioned in right lateral recumbency. (A) Preoperative skin incision planning for creation of an inguinal
fold skin flap, marked with a surgical skin marker on the lateral aspect of the left pelvic limb (LPL). (B) Skin incision marked on the medial aspect of the
LPL. (C) Exposure of the pelvic symphysis for detachment of prepubic tendons and muscles originating from the pelvic symphysis. (D) Use of a
malleable retractor to protect pelvic cavity organs during pelvic symphysis osteotomy with an oscillating saw. (E) Soft tissue along the pelvic border is
released via sharp dissection and blunt separation. (F) Dissection and isolation of the external iliac artery and vein. (G) Double ligation of the external
iliac artery and vein prior to their bifurcation. (H) Local anesthetic infiltration of the femoral nerve (yellow arrow), located deep to the transected
iliopsoas muscle (red arrow). (I) On the lateral thigh, the thoracolumbar fascia and cranial epaxial muscles medial to the iliac wing are separated. (J)
Sciatic nerve is infiltrated with local anesthetic prior to transection. (K) Dorsocaudal muscles and sacrotuberous ligament are transected near the
sacrum. (L) Caudally, pelvic diaphragm muscles are transected close to the ischium to preserve pudendal vessels and their branches. (M) LPL freed
following sacroiliac joint disarticulation. (N) Abdominal wall reconstruction using the greater omentum and polypropylene mesh. (O) Transposition of
the inguinal fold skin flap over the surgical defect. (P) Final appearance of skin closure after total hemipelvectomy.
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limb distal to the femur while resecting a pelvic segment, whereas
external hemipelvectomy involves amputation of the ipsilateral
limb alongside the hemipelvis (58).

Internal hemipelvectomy is subdivided into cranial internal
(resection of the ilium, including its wing and body, termed
unilateral iliectomy) and caudal internal (resection of the ischium,
termed unilateral ischiectomy). External hemipelvectomy includes
total external (removal of the entire hemipelvis and limb), cranial
external (resection of the ilium, acetabulum, and pubis to the
pelvic symphysis with limb amputation), and caudal external
(resection of the acetabulum, body of the ilium from the sacroiliac
junction, ipsilateral pubis and ischium and medially to the level
of the pelvic symphysis, plus the remainder of the ipsilateral
pelvic limb acetabulum, ilium, pubis, and ischium with limb
removal). A midline hemipelvectomy (acetabulectomy with limb
amputation) is also described but less commonly utilized (25, 58).
In veterinary medicine, classifications are often simplified into total
hemipelvectomy, considering entire hemipelvis and limb removal
via sacroiliac disarticulation and pelvic symphysis osteotomy,
and subtotal hemipelvectomy (25, 54, 58). Subtotal procedures
are further categorized as mid-cranial (ilium and acetabulum
resection), mid-caudal (ischium and acetabulum resection), or
caudal (ischium-only resection). Limb preservation is feasible only
in subtotal caudal hemipelvectomy, as the acetabulum remains
intact (25, 54).

Technique selection requires meticulous preoperative planning
to prioritize clean surgical margins and preserve neurovascular
structures critical to limb function when applicable. This
balance ensures oncological efficacy while optimizing postoperative
mobility and quality of life (25).

For total hemipelvectomy, the entire pelvic limb, dorsal
midline, and ventral regions of the pelvis and caudal abdomen are
clipped and aseptically prepared. The patient is positioned in lateral
recumbency with the affected limb uppermost. A surgical marker
outlines the incision on the lateral and medial thigh, converging
to ensure tension-free closure. To create a skin flap from the
inguinal fold, the incision is marked from the ischial tuberosity,
extending laterally over the greater trochanter and descending to
the patellar tendon (Figure 5A). Medially, the incision ascends to
the pectineus muscle and meets the lateral mark at the ischial
tuberosity (Figure 5B).

The procedure begins with a medial approach: the limb is
abducted, and the marked skin and subcutaneous tissue are
dissected and reflected to expose the pelvic symphysis. A periosteal
elevator detaches the prepubic tendons and muscles originating
from the pelvic symphysis (Figure 5C). Under constant saline
irrigation, an oscillating saw performs an osteotomy of the pelvic
symphysis, while a malleable retractor protects the urethra and
rectum (Figure 5D). Subsequent dissection along the pelvic border
releases all soft tissues (Figure 5E), exposing the external iliac
artery and vein. These vessels are isolated (Figure 5F), double-
ligated individually with 3-0 absorbable monofilament suture
(Figure 5G), and divided proximal to their femoral bifurcation.
With the limb abducted, the iliopsoas muscle is infiltrated with
local anesthetic, transected incrementally, and the underlying
femoral nerve is blocked before transection (Figure 5H). Cranially,
dissection proceeds along the iliac wing, thoracolumbar fascia,
and epaxial muscles medial to the ilium (Figure 5I), reaching the

sacroiliac joint. This joint is exposed by transecting the dorsolateral
sacrocaudal and longissimus lumborum muscles. Dorsomedial
dissection along the iliac body identifies the sciatic nerve, which is
blocked and transected (Figure 5J). The dorsocaudal muscles and
sacrotuberous ligament are sectioned near the sacrum (Figure 5K),
while the pelvic diaphragm muscles are divided close to the ischium
to preserve pudendal vessels (Figure 5L).

After exposing the sacroiliac joint (Figure 5M), disarticulation
is performed with an oscillating saw or osteotome. Prior to
closure, hemostasis is meticulously confirmed. Abdominal wall
reconstruction using greater omentum and polypropylene mesh
(Figure 5N) is indicated if the sartorius muscle cannot be spared.
The inguinal skin flap is transposed to the defect (Figure 5O),
sutured to the recipient bed (Figure 5P), and a closed suction drain
is placed to minimize seroma formation.

Reported complications in dogs and cats undergoing
hemipelvectomy include intraoperative hemorrhage, iatrogenic
urethral injury, abdominal incisional hernia, surgical site
discharge, and wound dehiscence (25, 51). Preventive measures
such as intraoperative blood bank availability, urethral or rectal
catheterization, and temporary purse-string suture of the anus are
recommended to mitigate risks (25).

4 Conclusion

Amputation procedures are recommended for local control,
which is the main objective in the therapeutic management of
osteosarcoma. It involves the surgical excision of an appendicular
segment, with consequent redistribution of loads and overloading
of the remaining limbs. Therefore, individual and careful
selection of the patient based on the general assessment and the
muscular, skeletal and nervous systems, associated with anatomical
knowledge, are essential for a favorable outcome.

Author contributions

RB: Writing – original draft, Writing – review & editing,
Conceptualization, Investigation. PS: Writing – original draft,
Writing – review & editing, Conceptualization, Investigation. PB:
Writing – original draft. RP: Writing – review & editing. AA:
Writing – review & editing, Funding acquisition. AG: Writing –
review & editing. RH: Writing – original draft, Writing – review &
editing. PM: Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Frontiers in Veterinary Science 12 frontiersin.org

https://doi.org/10.3389/fvets.2025.1655764
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Borges et al. 10.3389/fvets.2025.1655764

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation
of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to

ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made
by its manufacturer, is not guaranteed or endorsed by
the publisher.

References

1. Silver KI, Mannheimer JD, Saba C, Hendricks WPD, Wang G, Day K,
et al. Clinical, pathologic and molecular findings in 2 rottweiler littermates with
appendicular osteosarcoma. Vet Oncol. (2024) 1:4. doi: 10.1186/s44356-024-00004-1

2. Szewczyk M, Lechowski R, Zabielska K. What do we know about
canine osteosarcoma treatment? Review. Vet Res Commun. (2015)
39:61–67. doi: 10.1007/s11259-014-9623-0

3. Liptak JM. The principals of surgical oncology: diagnosis and staging.
Compendium. (2009) 31:9.

4. Séguin B, O’Donnell MD, Walsh PJ, Selmic LE. Long-term outcome of dogs
treated with ulnar rollover transposition for limb-sparing of distal radial osteosarcoma:
27 limbs in 26 dogs. Vet Surg. (2017) 46:1017–24. doi: 10.1111/vsu.12698

5. Bras LA, Timercan A, Llido M, Petit Y, Seguin B, Lussier B, et al. Personalized
endoprostheses for the proximal humerus and scapulohumeral joint in dogs:
biomechanical study of the muscles’ contributions during locomotion. PLoS ONE.
(2022) 17:17. doi: 10.1371/journal.pone.0262863

6. Bryan JN. Updates in Osteosarcoma. Vet Clini North Am - Small Anim Pract.
(2024) 54:523–39. doi: 10.1016/j.cvsm.2023.12.007

7. Wustefeld-Janssens BG, Séguin B, Ehrhart NP, Worley DR. Analysis of outcome in
dogs that undergo secondary amputation as an end-point for managing complications
related to limb salvage surgery for treatment of appendicular osteosarcoma. Vet Comp
Oncol. (2020) 18:84–91. doi: 10.1111/vco.12513

8. Liptak JM, Dernell WS, Ehrhart N, Lafferty MH, Monteith GJ, Withrow SJ.
Cortical allograft and endoprosthesis for limb-sparing surgery in dogs with distal
radial osteosarcoma: a prospective clinical comparison of two different limb-sparing
techniques. Vet Surg. (2006) 35:518–33. doi: 10.1111/j.1532-950X.2006.00185.x

9. Makielski KM, Mills LJ, Sarver AL, Henson MS, Spector LG, Naik S, Modiano
JF. Risk factors for development of canine and human osteosarcoma: a comparative
review. Vet Sci. (2019) 2:48. doi: 10.3390/vetsci6020048

10. Tuohy JL, Shaevitz MH, Garrett LD, Ruple A, Selmic LE.
Demographic characteristics, site and phylogenetic distribution of dogs
with appendicular osteosarcoma: 744 dogs (2000-2015). PLoS ONE. (2019)
14:12. doi: 10.1371/journal.pone.0223243

11. Norton C, Drenen CM, Emms SG. Subtotal scapulectomy as the treatment
for scapular tumour in the dog: a report of six cases. Aust Vet J. (2006) 84:364–
6. doi: 10.1111/j.1751-0813.2006.00033.x

12. Simpson S, Dunning MD, Brot S, Grau-Roma L, Mongan NP, Rutland
CS. Comparative review of human and canine osteosarcoma: morphology,
epidemiology, prognosis, treatment and genetics. Acta Veterinaria Scand. (2017)
59:71. doi: 10.1186/s13028-017-0341-9

13. Langenbach A, Anderson MA, Dambach DM, Sorenmo KU, Shofer FD.
Extraskeletal osteosarcomas in dogs: a retrospective study of 169 cases (1986-1996).
J Am Anim Hosp Assoc. (1998) 34:113–20. doi: 10.5326/15473317-34-2-113

14. Pilavaki P, Gahanbani Ardakani A, Gikas P, Constantinidou A. Osteosarcoma:
current concepts and evolutions in management principles. J Clin Med. (2023)
12:8. doi: 10.3390/jcm12082785

15. Armbrust LJ, Biller DS, Bamford A, Chun R, Garrett LD, Sanderson MW.
Comparison of three-view thoracic radiography and computed tomography for
detection of pulmonary nodules in dogs with neoplasia. J Am Vet Med Assoc. 240:1088–
94. doi: 10.2460/javma.240.9.1088

16. Montinaro V, Boston SE, Buracco P, Culp WTN, Romanelli G, Straw R, et al.
Clinical outcome of 42 dogs with scapular tumors treated by scapulectomy: a veterinary

society of surgical oncology (VSSO) retrospective study (1995-2010). Vet Surg. (2013)
42:943–50. doi: 10.1111/j.1532-950X.2013.12066.x

17. Martin TW, Griffin L, Custis J, Ryan SD, Lafferty M, Boss MK, et al.
Outcome and prognosis for canine appendicular osteosarcoma treated with
stereotactic body radiation therapy in 123 dogs. Vet Comparat Oncol. (2021) 19:284–
94. doi: 10.1111/vco.12674

18. Marconato L, Buracco P, Polton GA, Finotello R, Stefanello D, Skor O, et al.
Timing of adjuvant chemotherapy after limb amputation and effect on outcome in
dogs with appendicular osteosarcoma without distant metastases. J Am Vet Med Assoc.
(2021) 259:749–56. doi: 10.2460/javma.259.7.749

19. Arauz PG, Chiriboga P, García M, Kao I, Díaz EA. New technologies
applied to canine limb prostheses: a review. Vet World. (2021) 2021:2793–
802. doi: 10.14202/vetworld.2021.2793-2802

20. Buracco P, Morello E, Martano M, Vasconi ME. Pasteurized tumoral autograft
as a novel procedure for limb sparing in the dog: a clinical report. Vet Surg. (2002)
31:525–32. doi: 10.1053/jvet.2002.34674

21. Simpson S, Rizvanov AA, Jeyapalan JN, De Brot S, Rutland CS. Canine
osteosarcoma in comparative oncology: Molecular mechanisms through to treatment
discovery. Front Vet Sci. 9:1–11. doi: 10.3389/fvets.2022.965391

22. Yu S, Yao X. Advances on immunotherapy for osteosarcoma. Mol Cancer. (2024)
23:192. doi: 10.1186/s12943-024-02105-9

23. Giuliano A, Pimentel PAB, Horta RS. Checkpoint inhibitors in dogs: are we there
yet? Cancers (Basel). (2024) 16:1–16. doi: 10.3390/cancers16112003

24. Stark H, Fischer MS, Hunt A, Young F, Quinn R, Andrada E.
A three-dimensional musculoskeletal model of the dog. Sci Rep. (2021)
11:1. doi: 10.1038/s41598-021-90058-0

25. Barbur LA, Coleman KD, Schmiedt CW, Radlinsky MG. Description of the
anatomy, surgical technique, and outcome of hemipelvectomy in 4 dogs and 5 cats.
Vet Surg. (2015) 44:613–26. doi: 10.1111/vsu.12324

26. Carneiro RK, Cruz ICK, Lima B, Neto JAG, Gasser B, Uscategui RAR, et al.
Lateral and medial musculatures of pelvic limbs in dogs - normal ultrasonographic
anatomy. Acta Scientiae Veterinariae. (2022) 50:1–9. doi: 10.22456/1679-9216.126638

27. Williams SB, Wilson AM, Rhodes L, Andrews J, Payne RC. Functional
anatomy and muscle moment arms of the pelvic limb of an elite
sprinting athlete: the racing greyhound (Canis familiaris). J. Anat. (2008)
213:361–72. doi: 10.1111/j.1469-7580.2008.00961.x

28. Hillers KR, Dernell WS, Lafferty M, Withrow SJ, Lana SE.
Incidence and prognostic importance of lymph node metastases in
dogs with appendicular osteosarcoma: 228 cases (1986–2003). J Am
Vet Med Assoc. (2005) 226:8. 1364–7. doi: 10.2460/javma.2005.22
6.1364

29. Worden NJ, Bertran J, Reynolds PS, Chase EC, Crews CD, Ham K,
et al. Geometric, landmark-guided technique reduces tissue trauma, surgery time,
and subjective difficulty for canine peripheral lymphadenectomies: an educational
crossover study. J Am Vet Med Assoc. (2023) 261:1–9. doi: 10.2460/javma.23.04.0206

30. Rehnblom ER, Skinner OT, Mickelson MA, Hutcheson KD. Axillary
lymphadenectomy in dogs: a description of surgical technique. Vet Comparat
Oncol. (2022) 20:664–8. doi: 10.1111/vco.12820

31. Kuvaldina AB, Buote N, Campoy L, Porter I, Hayes GM. Development of a
minimally invasive endoscopic technique for excisional biopsy of the axillary lymph
nodes in dogs. Vet Surg. (2022) 52:888–96. doi: 10.1111/vsu.13901

Frontiers in Veterinary Science 13 frontiersin.org

https://doi.org/10.3389/fvets.2025.1655764
https://doi.org/10.1186/s44356-024-00004-1
https://doi.org/10.1007/s11259-014-9623-0
https://doi.org/10.1111/vsu.12698
https://doi.org/10.1371/journal.pone.0262863
https://doi.org/10.1016/j.cvsm.2023.12.007
https://doi.org/10.1111/vco.12513
https://doi.org/10.1111/j.1532-950X.2006.00185.x
https://doi.org/10.3390/vetsci6020048
https://doi.org/10.1371/journal.pone.0223243
https://doi.org/10.1111/j.1751-0813.2006.00033.x
https://doi.org/10.1186/s13028-017-0341-9
https://doi.org/10.5326/15473317-34-2-113
https://doi.org/10.3390/jcm12082785
https://doi.org/10.2460/javma.240.9.1088
https://doi.org/10.1111/j.1532-950X.2013.12066.x
https://doi.org/10.1111/vco.12674
https://doi.org/10.2460/javma.259.7.749
https://doi.org/10.14202/vetworld.2021.2793-2802
https://doi.org/10.1053/jvet.2002.34674
https://doi.org/10.3389/fvets.2022.965391
https://doi.org/10.1186/s12943-024-02105-9
https://doi.org/10.3390/cancers16112003
https://doi.org/10.1038/s41598-021-90058-0
https://doi.org/10.1111/vsu.12324
https://doi.org/10.22456/1679-9216.126638
https://doi.org/10.1111/j.1469-7580.2008.00961.x
https://doi.org/10.2460/javma.2005.226.1364
https://doi.org/10.2460/javma.23.04.0206
https://doi.org/10.1111/vco.12820
https://doi.org/10.1111/vsu.13901
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Borges et al. 10.3389/fvets.2025.1655764

32. Pimentel PAB, Silva PHS, Sena BV, Flecher MC, Cassali GD, Horta RS. The role of
lymph nodes and their drainage in canine mammary gland tumours: systematic review.
Res Vet Sci. (2024) 168:1–11. doi: 10.1016/j.rvsc.2024.105139

33. Worden NJ, Bertran J, Watt MM, Reynolds PS, Souza CHM, Maxwell EA, et al.
Superficial anatomic landmarks can be used to triangulate the location of canine
peripheral lymphocentrums: superficial cervical, axillary, superficial inguinal. J Am Vet
Med Assoc. (2023) 261:490–9. doi: 10.2460/javma.22.11.0518

34. Baum H. Das Lymphgefassystem des Hundes. Arch Wiss Prakt Tierheilk.
(1918) 44:521–650.

35. Maues T, Israel CB, Ferreira MLG, Ferreira AMR. Uso do corante
azul de metileno a 2% na localização do linfonodo axilar em cadelas
(Canis familiaris – Linnaeus, 1758). Brazil J Vet Res Anim Sci. (2016)
53:1. doi: 10.11606/issn.1678-4456.v53i1p32-38

36. Nickel R, Schummer A, Seiferle E. The Anatomy of Domestic Animals. Berlim:
Verlag Paul Parey (1981). p. 630.

37. Baum H. The lymphatic system of the dog. In: Bellamy K, Mayer M, Bettin L,
editor. Saskatoon, SK: University of Saskatchewan (2021).

38. Risselada M. Atlas de abordagens cirúrgicas para tecidos moles e doenças
oncológicas em cães e gatos. Hoboken: Wiley-Blackwell (2020).

39. Wright T, Oblak ML. Lymphadenectomy: overview of surgical anatomy &
removal of peripheral lymph nodes. Today’s Vet Pract. (2016) 6:20–9.

40. Meyer M, Bettin L, Bellamy K, Stamm I. The lymphatic system of the dog:
translating and transitioning to an open textbook. In: Technology in Education, Society,
and Scholarship Association Conference (2022).

41. Séguin B. Amputations. In: Tobias KM, Johnston SA, editor. Veterinary Surgery:
Small Animal. London: Elsevier (2018).

42. Wustefeld-Janssens BG, Lafferty M, Séguin B. Modification of the metal
endoprosthesis limb-salvage procedure for excision of a large distal radial osteosarcoma
in a dog: a case report. Vet Surg. (2018) 47:802–8. doi: 10.1111/vsu.12924

43. Kuettner KE, Pauli BU, Soble L. Morphological studies on the resistance of
cartilage to invasion by osteosarcoma cells in vitro and in vivo. Canc Res. (1978) 38:277–
87.

44. Lui C, Forster D, Alcaraz A. Pathology in practice. J Am Vet Med Assoc. (2021)
259:1–4. doi: 10.2460/javma.19.07.0317

45. Sasaki T, Gokita T, Ae K, Tanizawa T, Hayakawa K, Funauchi Y,
et al. Osteosarcoma arising from acetabulum extended to femoral head
through round ligament: a case report. Oxford Med Case Reports. (2020)
11:omaa076. doi: 10.1093/omcr/omaa076

46. Kirpensteijn J, Bos R, Brom WE, Hazewinkel HAW. Ground reaction force
analysis of large breed dogs when walking after the amputation of a limb. Vet Record.
(2000) 146:155–9. doi: 10.1136/vr.146.6.155

47. Liptak JM, Dernell WS, Farese JP, Bray JP. Musculoskeletal tumors. In:
Kudnig ST, Séguin B. Veterinary Surgical Oncology. London: Wiley (2022). p. 720–
806. doi: 10.1002/9781119089124.ch16

48. Talbott JL, Boston SE, Milner RJ, Lejeune A, Souza CHM, Kow K,
et al. Retrospective evaluation of whole body computed tomography for tumor
staging in dogs with primary appendicular osteosarcoma. Vet Surg. (2017) 46:75–
80. doi: 10.1111/vsu.12579

49. Nalborczyk ZR, Hall E, Cappello R, Polton G, Groth A. Diagnosis and surgical
management of an extraskeletal osteosarcoma of the brachial plexus in a belgian
shepherd dog. J Small Anim Pract. (2024) 65:776–9. doi: 10.1111/jsap.13757

50. Fossum TW. (2018). Small Animal Surgery. St. Louis: Elsevier, 5th ed.

51. Bray JP, Worley DR, Henderson RA, Boston SE, Mathews KG,
Romanelli G, et al. Hemipelvectomy: outcome in 84 dogs and 16 cats. A

veterinary society of surgical oncology retrospective study. Vet Surg. (2014)
43:27–37. doi: 10.1111/j.1532-950X.2013.12080.x

52. Wei S, Guo C, He J, Tan Q, Mei J, Yang Z, et al. Effect of vein-first vs.
artery-first surgical technique on circulating tumor cells and survival in patients with
non-small cell lung cancer: a randomized clinical trial and registry-based propensity
score matching analysis. JAMA Surg. (2019) 154:7. doi: 10.1001/jamasurg.2019.
0972

53. Schulz KS, Hayashi K, Fossum TW. Other diseases of bones and joints. In:
Fossum TW, editor. Small Animal Surgery. Philadelphia: Elsevier (2019). p. 1347–1365.

54. Johnston SA, Tobias KM. Veterinary Surgery: Small Animal Expert Consult, 2th
ed. Elsevier, St. Louis, Missouri (2018).

55. Plana CL, Aparicio PM, Labeaga JR, Béjar ML. Atlas Dos Músculos Do Cão. In:
Plana CL, Aparicio PM, Pereira THS, Manteiro FOB. Belém: Universidade Federal
Rural da Amazônia.

56. Lascelles B, Duncan X, Dernell WS, Correa MT, Lafferty M, Devitt CM, et al.
Improved survival associated with postoperative wound infection in dogs treated with
limb-salvage surgery for osteosarcoma. Annals of Surgical Oncology. (2005) 12:1073–
83. doi: 10.1245/ASO.2005.01.011

57. Hans EC, Pinard, C. SA, van Nimwegen, Kirpensteijn J, Singh A, MacEachern
S, Naber S, et al. Effect of surgical site infection on survival after limb amputation
in the curative-intent treatment of canine appendicular osteosarcoma: a veterinary
society of surgical oncology retrospective study. Veterinary Surg. (2018) 47:88–
96. doi: 10.1111/vsu.13105

58. Downey AC, Mathews KG, Borst L. Cranial internal hemipelvectomy (iliectomy)
with limb sparing for a dog with ilial chondrosarcoma: a case report. Clini Case Reports.
(2022) 10:1–6. doi: 10.1002/ccr3.5262

59. Daleck CR, Canola JC, Stefanes SA, Schocken PFL, De Nardi AB.
Retrospective study of primary osteosarcoma in pelvis’s bones of dogs
during a period offourteen months. Brazil J Vet Res Animal Sci. (2006)
43:125–31. doi: 10.11606/issn.1678-4456.bjvras.2006.26527

60. International Committee on Veterinary Gross Anatomical Nomenclature.
NOMINA Anatomica Veterinaria, 6th edition. Hannover: Columbia, Gent, Sapporo:
Editorial Committee (2017).

61. Liptak JM, Ehrhart N, Santoni BG, Wheeler DL. Cortical bone
graft and endoprosthesis in the distal radius of dogs: a biomechanical
comparison of two different limb-sparing techniques. Vet Surg. (2006)
35:150–60. doi: 10.1111/j.1532-950X.2006.00126.x

62. Boston SE, Skinner OT. Limb shortening as a strategy for limb sparing treatment
of appendicular osteosarcoma of the distal radius in a dog. Vet Surg. (2018) 47:136–
45. doi: 10.1111/vsu.12726

63. O’Neill DG, Edmunds GL, Urquhart-Gilmore J, Church DB, Rutherford
L, Smalley MJ, et al. Dog breeds and conformations predisposed to
osteosarcoma in the UK: a VetCompass study. Canine Med Genet. (2023) 10:8.
doi: 10.1186/s40575-023-00131-2

64. NAV. International Committee on Veterinary Gross Anatomical Nomenclature
(ICVGAN). Nomina Anatomica Veterinaria, 6th edition. Hanover, Ghent, Columbia,
MO, Rio de Janeiro: Editorial Committee (2017). With permission of the World
Association of Veterinary Anatomists (WAVA).

65. Dickerson VM, Coleman KD, Ogawa M, Saba CF, Cornell KK, Radlinsky
MG, et al. Outcomes of dogs undergoing limb amputation, owner satisfaction
with limb amputation procedures, and owner perceptions regarding postsurgical
adaptation: 64 cases (2005–2012). J Am Vet Med Assoc. (2015) 247:786–92.
doi: 10.2460/javma.247.7.786

66. Hermanson JW. Chapter 6–The muscular system. In: Evans HE, de Lahunta A,
editors. Miller’s Anatomy of the Dog. 4th ed. St. Louis, MO: Elsevier Saunders (2013). p.
186–279.

Frontiers in Veterinary Science 14 frontiersin.org

https://doi.org/10.3389/fvets.2025.1655764
https://doi.org/10.1016/j.rvsc.2024.105139
https://doi.org/10.2460/javma.22.11.0518
https://doi.org/10.11606/issn.1678-4456.v53i1p32-38
https://doi.org/10.1111/vsu.12924
https://doi.org/10.2460/javma.19.07.0317
https://doi.org/10.1093/omcr/omaa076
https://doi.org/10.1136/vr.146.6.155
https://doi.org/10.1002/9781119089124.ch16
https://doi.org/10.1111/vsu.12579
https://doi.org/10.1111/jsap.13757
https://doi.org/10.1111/j.1532-950X.2013.12080.x
https://doi.org/10.1001/jamasurg.2019.0972
https://doi.org/10.1245/ASO.2005.01.011
https://doi.org/10.1111/vsu.13105
https://doi.org/10.1002/ccr3.5262
https://doi.org/10.11606/issn.1678-4456.bjvras.2006.26527
https://doi.org/10.1111/j.1532-950X.2006.00126.x
https://doi.org/10.1111/vsu.12726
https://doi.org/10.1186/s40575-023-00131-2
https://doi.org/10.2460/javma.247.7.786
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Surgical approaches to canine appendicular osteosarcoma part 1- anatomic landmarks and amputation techniques
	1 Introduction
	2 Literature review
	2.1 Canine osteosarcoma
	2.2 Key anatomical landmarks of the thoracic and pelvic limbs in dogs
	2.3 Anatomy and surgical excision of peripherical lymph nodes of interest–brief description

	3 Surgical approach: amputation
	3.1 Thoracic limb amputation
	3.2 Pelvic limb amputation
	3.3 Hemipelvectomy

	4 Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


