Posterior Elbow Coverage Using Whole and Split
Flexor Carpi Ulnaris Flaps: A Cadaveric Study
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Purpose The purpose of this study is to evaluate the coverage patterns of whole and split
flexor carpi ulnaris (FCU) pedicle muscle flaps for posterior elbow soft-tissue defects.

Methods Seventeen fresh-frozen cadaveric upper extremities were used. The whole FCU was
raised to the dominant vascular pedicle and transposed proximally over the olecranon. The widths
of coverage at 2-cm distances about the posterior elbow were measured. Widths were also
measured after making 3 longitudinal cuts in the fascia and after suturing the muscle to adjacent
soft tissue under tension. The FCU was also split into its ulnar and humeral heads along the
central tendon. The larger ulnar head was transposed and the widths again measured. Mid-forearm
circumference, elbow circumference, and ulnar length were assessed for ability to predict flap width.

Results The whole muscle under no tension provided an average of 2.7 cm width coverage at the
tip of the olecranon process. Cutting the fascia provided approximately 15% additional width and
suturing the muscle to the surrounding soft tissue an additional 25%, to approximately 4 cm. The
isolated FCU ulnar head provided approximately 75% of the width of the entire muscle.
Mid-forearm circumference was the most predictive of flap width, and divisors were generated
that improved the accuracy of predicting the width for outlier specimens. The dominant pedicle
was a consistent distance relative to the end of the central tendon and the olecranon tip.

Condusions The whole and split FCU pedicle flaps provide predictable coverage for 2- to
4-cm posterior elbow soft-tissue defects. For especially large and small arms, the divisors
improve accuracy in predicting flap width. Consistent locations of the olecranon tip and the
end of the central tendon in relation to the dominant pedicle make them useful surgical
landmarks. (J Hand Surg 2008;33A:1807—1812. Copyright © 2008 by the American Society
for Surgery of the Hand. All rights reserved.)
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to treat. The posterior aspect of the elbow is
particularly prone to skin coverage problems due
to the subcutaneous nature of the olecranon, the lack of

S OFT TISSUE LOSs around the elbow can be difficult
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muscle and adipose tissue in this region, and the tension
placed on the skin during elbow flexion. Posterior sur-
gical approaches and hardware placed along the poste-
rior ulnar border can contribute to skin breakdown.
When wound defects exist with exposed bone, tendon,
or hardware, local or distant flap coverage may be
necessary.

Various options for coverage of posterior elbow soft-
tissue defects have been described. These include local
fasciocutaneous flaps' and muscle pedicle flaps such
as the anconeous,™* brachioradialis, extensor carpi ra-
dialis longus,® and the flexor carpi ulnaris (FCU).””*
We have found the FCU to be an attractive local pedicle
given its ease of elevation and adequate surface area to
cover small to moderate-sized defects. Donor morbidity
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FIGURE 1: The whole FCU flap transposed proximally A adjacent to and B directly overlying the olecranon process.

using the FCU as a muscle flap has been shown to be
minimal, and the vascular supply to the FCU has been
well described, with the dominant pedicle being a
branch of the posterior recurrent ulnar artery that enters
the FCU in the proximal aspect of the muscle belly."”
More recently, the unique bipennate nature of the FCU
has been described, and use of the ulnar head of the split
FCU transfer has been successfully applied to tendon
transfers'""'? and to local defect coverage.'® This al-
lows maintenance of some of the muscle’s wrist flexion
and ulnar deviation function by leaving the smaller
humeral head of the muscle intact.

The goal of the current study was to describe the
coverage patterns of both whole and split FCU local
pedicle flaps for the posterior elbow. Attempts are made
to predict muscle size and coverage based on measure-
ments of extremity length and circumference.

MATERIALS AND METHODS

Institutional review board approval was obtained. Sev-
enteen fresh-frozen cadaveric upper extremities ampu-
tated at the level of the mid-humerus were used. None
of the specimens had a history of upper-extremity
trauma or surgery. There were 8 male and nine female
specimens, with an average age of 68 years (range,
5677 years).

The first 12 specimens were used as follows. Prior to
making an incision, the elbow circumference (C,) was
measured across both epicondyles with a standard tape
measure. The ulnar length (L,) from the tip of the

olecranon to the tip of the ulnar styloid was measured.
Lastly, the mid-forearm circumference (C;) was mea-
sured. A longitudinal incision was made along the sub-
cutaneous border of the forearm and arm. The skin and
subcutaneous tissues were dissected back circumferen-
tially, and the FCU was identified. The FCU tendon
was sharply incised transversely, 2 cm from its insertion
on the pisiform. The FCU muscle was elevated sharply
from distal to proximal. Care was taken to identify the
entry point of the dominant pedicle on the muscle’s
undersurface. The distance from the olecranon tip to the
major pedicle was recorded. The distance from the
proximal end of the central tendon to the dominant
pedicle was recorded. The muscle was then folded upon
itself and placed directly over the olecranon process
without tension (Fig. 1). The width of the muscle flap
was measured at the tip of the olecranon, as well as 2
cm distal and 2 cm, 4 cm, and 6 cm proximal to this
point.

Next, longitudinal sectioning of the FCU fascia was
performed. To standardize this, 3 longitudinal incisions
were made in the fascia spaced equally apart over the
length of the muscle being measured (Fig. 2). Width
measurements at the same 4 locations were then re-
corded. The FCU was returned to its normal anatomic
position, and the tendon was directly repaired end-to-
end.

The FCU was then split into its humeral and ulnar
heads. This was done in the fashion previously de-
scribed by Lim et al."""'* The center of the tendon was
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FIGURE 2: Standardized sectioning of the FCU fascia with 3
longitudinal cuts.

identified distally and sharply incised with a scalpel.
This incision was then carried from distal to proximal
the length of the central tendon into the proximal quar-
ter of the muscle. This was done without cutting muscle
fibers, but rather reflecting them off of the tendon prox-
imally (Fig. 3). The larger ulnar half of the tendon
distally was transected and rotated proximally over the
olecranon (Fig. 4). The width of the muscle flap was
measured at the olecranon tip, as well as 2 cm distal and
2 cm, 4 cm, and 6 cm proximal to this point.

In an effort to determine the effect of peripherally
placed sutures on muscle coverage, 5 additional cadav-
ers were dissected. The full FCU was elevated, the
fascia longitudinally split, and the muscle was rotated to
cover the olecranon as described above. Standardized
measurements of width were made with the muscle
under no tension at the olecranon tip as well as 2 cm
proximal and distal to it. The muscle was then sutured
to the adjacent soft tissue under light tension with
interrupted sutures 1 cm apart on both sides of the
muscle. Widths were then remeasured at the 3 locations
above.

RESULTS

The mean mid-forearm circumference was 20.1 cm =
3.0 (range, 15.3-24.0 cm). The mean elbow circumfer-

ence at the level of the epicondyles was 25.1 cm % 2.5
(range, 21.4-29.2 cm). The mean ulnar length was 26.6
cm * 2.5 (range, 22.7-29.0 cm).

The widths of the whole FCU flap both before and
after cutting of the fascia as well as the widths of the
ulnar head of the FCU are shown in Table 1. These
widths are listed in relation to the tip of the olecranon
process. Creating 3 longitudinal splits in the fascia led
to an overall mean increase in width of 15%, (range
11% to 16%) in all locations relative to the olecranon
tip. With gentle manual traction of the flap edges,
approximately 25% of additional flap width was
achieved (range, 21% to 32%). The ulnar head of the
FCU provided on average 73% of coverage when com-
pared with the whole muscle width (range, 67% to
82%).

The mean distance from the olecranon tip to the
major pedicle of the FCU was 5.0 cm * 0.4 (range,
4.0-5.6 cm). The mean distance from the proximal
extent of the central tendon to the major pedicle while
performing the split was 2.4 cm = 0.5 (range, 1.8-3.2
cm), with the pedicle always proximal to the end of the
central tendon.

We attempted to use the mid-forearm circumference
(Cp), elbow circumference (C,), and ulnar length (L) to
predict flap width. For the whole flap, we divided the 3
reference values for each specimen by the width of the
whole flap at the olecranon tip after fascial splitting to
create a predictive divisor. The mean divisor for C; was
6.7 = 1.0, for C, was 8.5 = 1.7, and for L, was 9.1 =
2.0. Thus, mid-forearm circumference (Cy) had the
least variation and was the most predictive of the three.
Each C; for the 10 specimens was then divided by the
divisor of 6.7 to yield a predicted width at the olecranon
tip. Based on a mean width of 3.1 cm at the olecranon
tip, the mean absolute difference between the predicted
value and the actual value for the 4 specimens with a Cy
greater than 1 standard deviation above or below the
mean was 0.9 cm with a standard deviation of 0.3 cm.
When using the widths predicted by the mid-forearm
circumference divisor rather than simply the mean of
3.1 cm, the mean absolute difference between the pre-
dicted value and the actual value decreased to 0.4 cm with
a standard deviation of 0.2 cm. This difference between
the means was statistically significant (p << .005).

Using the same process to calculate divisors for the
FCU ulnar head at the olecranon tip, the C; was again
most predictive with a divisor of 9.0 = 0.9 compared
with C, (11.4 £ 1.5) and L, (12.2 = 2.1). Based on a
mean width of 2.2 cm at the olecranon tip, the mean
absolute difference between the predicted value and the
actual value for the 4 specimens with a C; more than 1
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FIGURE 3: A The central tendon of the FCU with the muscle fibers reflected off, showing the well-defined proximal end of the
tendon (arrow) within the muscle belly. B The FCU is split into its ulnar and humeral heads by dividing the muscle along the
central tendon.

FIGURE 4: The ulnar head of the FCU transposed proximally A adjacent to and B directly overlying the olecranon process. The
split extends up to the proximal end of the central tendon (arrow).

standard deviation above or below the mean was 0.6 cm  dicted value and the actual value decreased to 0.2 cm
with a standard deviation of 0.2 cm. When using the  with a standard deviation of 0.1 cm. This difference
widths predicted by the mid-forearm circumference di-  between the means was statistically significant (p <
visor, the mean absolute difference between the pre- .005).
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TABLE 1. Width of FCU Flap Over Posterior Elbow
Whole Flap Width (cm)
Ulnar Head Width Whole Flap With Traction
Location* Beforet Aftert After{ (cm) After{ (cm)
—2cm 27 0.5 3.0 = 0.6 22+ 05 4+ 0.7
oT 27 = 0.6 3.1 £ 0.7 22+ 05 4 + 0.6
+2cm 24 = 0.6 2.7 = 0.6 2.0 = 0.5 305
+4 cm 22 0.5 2.6 = 0.6 1.9 = 0.5 Not measured
+6 cm 2.1 0.5 24 + 0.6 1.8 £ 0.5 Not measured

*Distance is in relation to olecranon tip (OT). Negative values are distal and positive values are proximal.

tBefore versus after fascial cuts.

DISCUSSION

Soft tissue defects of the posterior elbow can occur sec-
ondary to trauma,®® wound dehiscence after surgical pro-
cedures such as joint replacement,15 burns,'® radiation,'”
decubitus ulceration,” chronic inflammation, and bursi-
tis.'®! The lack of muscle and subcutaneous tissue in this
area and the tension applied to the skin during elbow
flexion make this area prone to wound problems. Treat-
ment of such soft tissue defects can be difficult, and, not
uncommonly, local or distant flap coverage is required.

The radial forearm flap is probably the most popular of
the fasciocutaneous flaps used in this area due to its large
coverage area and arc of rotation.?%?! However, it has
been suggested that it may lack the degree of vascularity
that a muscle flap would bring to the area.”* There is also
donor-site morbidity in the forearm with this transfer in-
cluding cold intolerance, adhesion formation, poor healing
over exposed tendons, and poor appearance. The latissi-
mus dorsi pedicle flap can be used for larger defects,
especially posttraumatic, because it lies outside of the zone
of injury.”> However, this flap does carry a high compli-
cation rate including necrosis of the distal portion, making
it difficult to use when defects extend well distal to the
olecranon tip.>* Finally, several local muscle pedicle flaps
have been described to cover smaller defects of the pos-
terior elbow. These include the anconeus,>* brachioradia-
lis,” and the extensor carpi radialis longus.® These muscles
provide limited soft tissue coverage and can be technically
difficult to raise.

The FCU muscle pedicle flap is a reliable tool to cover
soft tissue defects of the posterior elbow.”~® The muscle is
located directly along the posterior border of the forearm
and is easily raised. We have used it at our institution to
successfully cover posterior elbow defects secondary to
trauma, wound dehiscence, and tumors. As the dominant
flexor and ulnar deviator of the wrist,”* there has been
some concern over donor-site morbidity,25 26 put

the functional loss of strength in 1 study has not been
shown to be clinically relevant.”” More recently, it
has been recognized that the FCU is a truly bipennate
muscle with independent nerve and vascular sup-
ply.'*?%2% The implication of these findings is that
the FCU can be split into its larger ulnar and smaller
humeral heads, both independently viable, with one
being retained for wrist flexion and ulnar deviation
strength and the other available for tendon trans-
fer'''? or regional soft tissue coverage.'” Pereira and
co-workers in a primate study found that when inde-
pendently stimulated, the ulnar and humeral heads
generated greater collective force than did the muscle
as a whole (92% and 82%, respectively, for each
head).*” This finding could be due to removal of the
myotendinous connection between the 2 heads after
splitting. Lingaraj et al. reported 2 cases of split FCU
for regional soft tissue coverage. They found ulnar
deviation strength remaining that was 80% to 100%
of the unaffected side.'?

We have defined the regional coverage patterns of the
whole and split FCU flap for the posterior elbow. These
pedicle flaps provide coverage of predictable width for the
olecranon. On average, the whole muscle when rotated
under no tension can cover defects of 2.7 cm in width at
the olecranon tip. This can be expanded to 3.1 cm by
longitudinally scoring the muscle fascia and up to approx-
imately 4 cm with peripherally placed sutures. Although
the amount of tension applied was somewhat subjective, it
does suggest that additional flap width is possible with
manually stretching the muscle from its contracted state to
a width more closely approximating its resting tension.
The position of the major pedicle is relatively consistent
being located approximately 5.0 cm distal to the tip of the
olecranon.

Using divisors based on mid-forearm circumference for
the whole and split flaps can help more accurately predict
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the width of the flap in patients with larger or smaller
mid-forearm circumferences. For those outlier patients
with a mid-forearm circumference greater than 23 cm or
less than 17 cm, dividing the mid-forearm circumference
in centimeters by the calculated divisors yields a projected
flap width in centimeters at the olecranon tip that is more
accurate than using the means alone for both the whole
flap and the FCU ulnar head flap (p << .005).

There are several points to consider when applying this
data clinically. In regard to the measurements under gentle
traction, the specimens used in this study were from older
individuals, and it is feasible that the more robust muscle
belly of a young muscular patient may not stretch quite to
the degree seen here. Despite this potential difference, the
stretch we have encountered in vivo subjectively approxi-
mates our data.

Although we have not encountered tip necrosis clini-
cally, we also caution against vigorous stretching at the tip
of the flap due to the theoretical risk of necrosis. Fortu-
nately, after transposing the FCU, the tip of the muscle
usually rests well proximal to the olecranon process and
does not require stretching.

Although the forearm tends to be a less common site
of major fat deposition in comparison with other parts
of the body, the divisors based on mid-forearm circum-
ference may predict falsely elevated flap widths in
obese patients with disproportionately large forearms.
In such cases, the means in Table 1 should be consid-
ered if the predicted values appear greater than ex-
pected.

Adequate coverage can often be obtained from the
FCU flap without complete dissection to the neurovascular
pedicle due to its long, ribbon-like shape. Although we
have not encountered flap necrosis due to kinking of the
pedicle, we caution against undue longitudinal tension on
the pedicle to obtain extra length from the flap. Finally,
although we used 3 fascial incisions to standardize our
results, it is possible that more extensive pie-crusting could
widen the flap even further.
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