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INTRODUCTION
Fracture immobility with or without operative fixation is 

essential to promote bony union. Primary bone healing can 
occur with rigid fixation and direct apposition of bony edg-
es. This leads to replacement of the bony matrix without the 
formation of callus. In secondary bone healing, the inflam-
matory cascade leads to the signaling of cells responsible 
for callus formation, deposition of woven bone, and finally 
reorganization of bone in the direction of the applied load. 
Micro-motion at the fracture site results in secondary bone 
healing. Nonunion can result, if there is excessive motion.

Vascularized bone grafts can be used to promote bony 
union when nonvacularized grafts have failed or for pri-
mary treatment of long-gap bony defects (greater than 

6 cm).1 By preserving donor osteocytes and osteoblasts, 
vascularized bone grafting leads to more reliable, acceler-
ated healing, especially in traumatic or irradiated fields.2 
Pedicled, vascularized bone grafts can be used, but may be 
limited by pedicle length, torsion, or lack of locally avail-
able donor bone. Free vascularized bone grafts have been 
described as purely osseous grafts, such as the medial fem-
oral condyle (MFC), or as part of composite flap.

The upper arm perforator anatomy was originally in-
vestigated by Cormack and Lamberty3 in 1984, whereas 
Katsaros et al.4 later described the clinical application of 
the lateral arm osteocutaneous flap. Seven years later, Kat-
saros et al.4 published his experience with more than 150 
lateral arm flaps where he included many modifications, 
demonstrating its versatility. His series included chimeric, 
vascularized tendon, neurosensory, fascia-fat, and osteocu-
taneous flaps.4 Although it was a large series, only 11 os-
teocutaneous flaps were included, and no outcomes were 
reported.

The lateral arm flap was later used as an osteocuta-
neous, neurotized free flap for 3 traumatic thumb inju-
ries.5 All patients in this small series went on to union and 
achieved protective sensation with no flap losses. Haas et 
al.6 also demonstrated the use of the free osteocutane-
ous lateral arm flap in distal tibia, head and neck, and in 
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thumb reconstruction. To our knowledge, there is a pau-
city of literature detailing the use of the lateral arm flap as 
a bone-only free flap.

We sought to reexplore the anatomy of the lateral arm 
flap, the radial collateral artery (RCA) and its blood sup-
ply to the lateral, distal humerus with the goal of defining 
the clinically relevant vascular anatomy of the region and 
better defining its role as a free, vascularized bone graft.

MATERIALS AND METHODS

Anatomical Basis
The RCA originates on the posterior aspect of the hu-

merus from the profunda brachii artery. The radial nerve 
follows the profunda brachii artery in the spiral groove 
of the humerus and continues to course laterally with the 
RCA. Before meeting the lateral intermuscular septum 
(LIS), the RCA bifurcates into anterior and posterior 
branches. The anterior branch pierces the LIS and enters 
the flexor compartment of the arm accompanying the ra-
dial nerve. The posterior branch of the radial collateral 
artery (PBRCA) courses distally within the LIS. The bra-
chioradialis and brachialis are located anterior to the LIS, 
and triceps brachii is found posteriorly.

As the PBRCA courses along the humerus distally, it 
provides multiple septocutaneous perforators. The first 3 
perforators were previously described in cadaveric studies 
at an average distance of 10.7, 7.8, and 4.8 cm, respectively, 
measured proximally from the lateral epicondyle.7 Multiple 
small nutrient branches have also been described. Distally, 
a dense anastomotic network branches from the PBRCA to 
supply the periosteum. This network provides arterial inflow 
to the lateral supracondylar ridge and lateral epicondyle.

The inferior lateral cutaneous nerve of the arm and the 
posterior cutaneous nerve of the forearm travel through 
this anatomic region. These aforementioned nerves con-
sistently arise from the radial nerve and travel distally 
along the LIS. Their course then becomes more variable 
within the subcutaneous tissue near the second septocuta-
neous perforator at approximately 7 cm proximal to the 
lateral epicondyle.7

Cadaver Study
After approval from the Penn State Hershey Medical 

Center Department of Humanities, 12 fresh, complete 
upper extremities were dissected. All arms were prepared 
with red latex injection into the arterial system (Science 
Care, Phoenix, Ariz.). Demographic data were available 
for the specimens. Mean patient age was 72.6 years. Five 
right arms and 7 left arms were dissected. Ten cadaver 
arms were from male subjects and 2 were from female 
subjects. Careful examination of the arms revealed no ob-
vious deformity. Review of the provided medical history re-
vealed no prior trauma or surgery that may have distorted 
the anatomy.

The skin was marked from the deltoid tuberosity to 
the lateral epicondyle, which correlates with the under-
lying LIS and the path of the PBRCA. The expected lo-
cation of the first and largest septocutaneous perforator 

was marked along this line, 10 cm proximal to the lateral 
epicondyle as previously described (Fig. 1).7

Upon incision along the LIS, the first septocutaneous 
perforator was easily identified and used as a landmark for 
dissection toward its bifurcation from the PBRCA. The LIS 
and PBRCA were identified between the brachialis and tri-
ceps brachii. The pedicle was dissected from proximal to 
distal, to the distal humeral metaphysis, where periosteal 
branching was identified (Fig. 2). After the distal extent 
of the lateral epicondyle was identified, the PBRCA was li-
gated before travelling posteriorly to anastomose with the 
recurrent interosseous artery.

Without violating the lateral collateral ligament or 
joint capsule, a 1.5 × 2 cm corticocancellous bone graft 
was harvested (Fig. 3) to include the periosteal branches 
and a small cuff of muscle (Fig. 4). This size was chosen 
as this vascularized bone graft is more likely to be used for 
smaller defects of the wrist and hand due to convenience 
of location. After the bone graft was harvested, the proxi-
mal PBRCA was ligated, just proximal to the bifurcation of 
the first septocutaneous perforator to complete the graft 
harvest. If necessary, more pedicle length can be obtained 
by dissecting the PBRCA more proximally.

The distance from the proximal-most aspect of the 
lateral epicondyle to the deltoid tuberosity was measured 
as well as the distance from the lateral epicondyle to the 

Fig. 1. Skin marking along a line extending between the deltoid tu-
berosity and lateral epicondyle, which indicates the location of the 
liS and course of the PBRca. the first septocutaneous perforator is 
located 10 cm proximal to the lateral epicondyle.

Fig. 2. PBRca (1) with first septocutaneous perforators (2) and a rich 
periosteal vascular network.
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first septocutanous perforator. The proximal caliber and 
length of the PBRCA pedicle was measured (Fig. 5). Any 
variation in anatomy was also noted.

RESULTS
The first septocutaneous perforator was present in 

100% of the specimens. It was identified under the skin 
at an average of 10.0 cm from the proximal border of the 
lateral epicondyle at its intersection with the LIS. Mean 
pedicle length was 9.08 cm (range, 5–10.5 cm), and mean 
arterial diameter was 1.73 mm (range, 1.0–2.1 mm). Two 
associated venae comitantes were present with the PBR-
CA. Because they were not injected, their size could not 
be accurately quantified, but they were typically similar to 
the diameter of the artery or slightly larger.

There was no variability in the position of the PBRCA 
as it was present in all specimens and coursed along the 
postero-radial surface of the humerus. A dense perios-
teal blood supply was present in all specimens. This was 
observed distal to the bifurcation of the PBRCA with the 
anterior branch of the radial collateral artery. Care was 
taken to preserve the lateral cutaneous nerve of the arm 
and the posterior cutaneous nerve of the forearm as they 
were identified in all specimens branching from the radial 
nerve (Fig. 5).

DISCUSSION
Vascularized bone grafting can be used to bridge large 

bony gaps or to promote union in the setting of avascular 

necrosis. Scaphoid nonunion, Kienbock’s disease, meta-
carpal, and metatarsal defects represent clinical scenarios 
in which small vascularized bone grafts may be of benefit.

Nonvascular or pedicled vascularized bone grafts are 
often utilized because of the close proximity to the affect-
ed area and lack of technical challenges associated with 
performing a microvascular anastomosis. First described 
in 1905, Huntington8 repaired a large tibia defect with 
an ipsilateral, vascularized fibula. In scaphoid nonunion, 
the distal dorsal radius is the most commonly utilized do-
nor site for pedicled vascularized bone grafts. Bone graft 
based on the 1,2 intercompartmental supraretinacular ar-
tery has provided union rates of up to 88%, though more 
recent data have shown union rates to be closer to 70%.9,10

Vascularized bone grafts preserve the osteocytes and 
osteoblasts of the donor tissue, leading to accelerated heal-
ing, especially in traumatic or irradiated fields with a tenu-
ous blood supply.2 However, local donor sites for pedicled 
vascularized bone grafts may not be available because of 
trauma and can be limited by pedicle length or torsion.

The lateral arm flap is a versatile flap for reconstruc-
tive surgeons.11–13 Its use as an osteocutaneous composite 
flap has been reported in several series, though its use as 
a source of vascularized bone only, without soft tissue, has 
not been studied extensively.3,4,14–17 A 1 × 1 × 10 cm bone 
graft can be harvested without compromising the struc-
tural integrity of the humerus.4,7 The first septocutanous 
perforator can be a useful landmark during dissection, 
but more commonly it can be used to harvest a small skin 
paddle for clinical monitoring postoperatively.

Fig. 3. Vascularized corticocancellous bone graft measuring 1.5 × 2.0 cm. a cuff of muscle was excised 
to protect the periosteal blood supply.

Fig. 4. Donor site following graft harvest. the dissection does not 
violate the elbow joint, and there is no disruption of the lateral col-
lateral ligaments. Fig. 5. lateral cutaneous nerve of the arm (arrow) near the first sep-

tocutaneous perforator. Diameter of the PBRca is also demonstrated.
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We realize that pedicle length and diameter can vary 
based on the extent of proximal dissection. We chose to end 
our dissection and measure pedicle length at the bifurca-
tion of the first septocutaneous perforator, which resulted 
in an average pedicle length of approximately 9 cm. This was 
an easy dissection and permitted enough pedicle length for 
the small bone flap, but avoided the morbidity of a more 
proximal dissection that could result in injury to brachial 
artery or profunda branch, radial nerve, or motor branch 
to the triceps.18 Moffett et al.18 also showed that the pedicle 
length could be doubled with an extended approach, but 
even then the diameter is variable and dissection tedious.

The MFC free vascularized bone graft has been used 
for repair of scaphoid nonunion in the setting of proximal 
pole avascular necrosis. Union rates approaching 100% 
have been reported in experienced hands.19–24 The MFC 
flap has also been described for phalanx, metacarpal, 
forearm, humerus, and clavical nonunions with excellent 
union rates in all locations.20

Disadvantages of the MFC flap include potential do-
nor-site morbidity, anatomic variability, and difficulty of 
graft harvest. Rare reports of insufficiency fractures after 
harvest have also been described.20 The main pedicle of 
the flap, the descending genicular artery, has variable 
anatomy and is absent in 11% of patients.25–27

In our experience, there is variability in the pain that 
patients experience following the use of the MFC flap. 
Some patients report pain with ambulation for up to 3 
months following the procedure. One potential advantage 
of the lateral arm osseous flap is that it is not harvested 
from a weight-bearing bone such as the femur perhaps 
limiting donor-site pain following the procedure. The arm 
as a donor site is also less prone to atherosclerotic disease 
and venous insufficiency relative to the lower extremity. 
Further study is needed to compare donor-site morbidity 
between the 2 flaps.

CONCLUSIONS
With this study, we have described the consistent anat-

omy of the PBRCA and have defined easily identifiable 
preoperative and intraoperative landmarks that make the 
distal humeral osseous free flap a predictable donor dis-
section. The lateral humeral metaphysis should be con-
sidered as a source of vascularized bone because of its 
consistent anatomy, ease of dissection, and its potential to 
generate less pain following harvest.
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