ooO7-1226/83/0454-0001$02.00

British Journal
of Plastic Surgery (1983) 36, l-8
0 1983The Trustees of British Association of Plastic Surgeons

The radial forearm flap: a versatile method for intra-oral
reconstruction
D. S. SOUTAR,
West of Scotland

L. R. SCHEKER,
Regional

N. S. B. TANNER

Plastic and

and I. A. MCGREGOR

Oral Surgery Unit, Canniesburn Hospital, Glasgow

Summary-The
radial forearm flap is ideal for intra-oral reconstruction,
offering thin, pliable
predominantly hairless skin to replace oral mucosa. The vascularity of the area allows considerable
variation in the design of this fasciocutaneous
flap and offers the possibility of including bone as an
osteocutaneous flap. Furthermore, the vascular anatomy of the flap simplifies the technical aspects of
free tissue transfer. Based on ten clinical cases the design of the flap is described and its versatility in
differing clinical situations is illustrated. The advantages of this method of intra-oral reconstruction are
discussed and evaluated.

The radial forearm flap, sometimes
called “the
Chinese flap”, is a free flap technique that was
developed by Dr Yang Goufan,
Dr Chen Baoqui
and Dr Gao Yuzhi of the Shenyang
Military
Hospital in 1978. Due recognition
of this proven
work is confirmed
in recent published
work by
Chinese authors (Shaw, 1981; Yang etal., 1981 and
Ruyao Song et al., 1982). Yang et al. (1981)
reported the transfer of 60 forearm flaps with the
loss of only one. Ruyao Song and his colleagues
(1982) described the use of 3 1 forearm flaps to deal
Details of ten cases of intra-oral reconstruction

Table 1
Case Age

Sex

In&a-oral site
Right retromolar
trigone
Left buccal mucosa
Left retromolar
trigone
Left lateral tongue
Left floor of mouth
Right retromolar
trigone
Right alveolus, floor of
and retromolar
trigone
Right floor of mouth
Floor of mouth, tongue
Right lateral tongue and

1
2
3
*4
5
6
7

39
42
45
52
55
62
64

M
F
F
M
M
M
M

8

69
72
73

M
F
F

9
*lO

*denotes

previous

subsequently
Stock et al. (1981) reported the use of
the forearm skin as a neurovascular
island flap to
replace soft tissue defects of the hand.
The
technique has been extended to include bone as an
osteocutaneous
island flap for reconstruction
of
the thumb (Biemer, 1982 and 1983).
The thin, pliable, predominantly
hairless skin of
the forearm
appeared
to the authors
to have
potential for intra-oral reconstruction
and to date
this flap has been used in ten clinical
cases
(Table 1).
using the forearm flap
Forearm flap

mouth

Distal forearm
Mid-forearm
Mid-forearm
Mid-forearm
Proximal forearm
Mid-forearm
Distal forearm

4xScm
5 X 8 cm
6 x 8 cm
5 x 8 cm
6xlcm
5x6cm
5x6cm

and symphysis
floor of mouth

Proximal forearm
Distal forearm
Mid-forearm

6x7 cm
8 x 10 cm
5x6cm

and palate

(transverse)
(longitudinal)
(longitudinal)

(transverse

and including

bone)

surgery

with burn contractures
of the neck and Shaw
(1981) referred to a case of nasal reconstruction
in
one stage using the forearm flap without bony
support performed
by R. Y. Xia of the Third
Affiliated
Hospital
of Beijing Medical College.
Following
a visit to China in November
1980,
Miihlbauer et al. (1981) reoorted the use of a free
neurovascular
forkarm’flap
for the correction of a
the
neck
post-burn
contracture
of
and

In addition to the success and reliability of the
method, its versatility
in coping with defects of
differing size, shape and site within the oral cavity
was remarkable.
Design of the radial forearm flap
The forearm flap is a fasciocutaneous
on the radial artery. Venous drainage

flap based
is provided

2
by two venae comitantes which accompany the
artery and the subcutaneous forearm veins which
drain into the cephalic, basilic and median cubital
veins. The two venous systems communicate via a
branch which drains into the median cubital vein.
Any part of the volar forearm skin can be used but
in practice the presence of hair may dictate the site
of the flap (Fig. 1). Distally designed flaps have the
advantage of being thinner than proximal flaps, a
feature which is particularly noticeable in female
patients. Furthermore, the distal design is the one
of choice where bone is to be included in the flap or
where a long vessel pedicle is required. The
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attach considerable importance to the possibility
of establishing an uninterrupted
arterial flow
through the flap. This is most often achieved by
anastomosing one end of the radial artery to the
external carotid and the other end to the distal
facial artery. In this way, arterial continuity is
re-established and a fast arterial flow through the
flap is achieved.
Elevation of the radial forearm flap
Before operation it is important to perform an
Allen test in order to determine whether the hand

anastomosisprovideda retrogradeflow (Case8).
disadvantage of the distal flap lies in the difficulty
of retaining a donor defect which is suitable for
grafting. The deep fascia thins distally in the
forearm except near the wrist where it thickens to
form the flexor retinaculum. When elevating the
flap care must be taken to preserve intact the
paratenon covering the flexor tendons. This
problem is not encountered proximally where the
fascia is thicker and the muscle bellies provide an
ideal bed for split-skin grafting. In a proximal flap
a long arterial pedicle may be raised distally and
used for anastomosis, thus providing a retrograde
arterial flow.
The mid-forearm flap has proved to be very
useful in intra-oral reconstruction.
This flap
combines the advantage of ease of elevation and
donor defect found in the proximal flap with the
skin quality of the distal flap. A proximal and a
distal vascular pedicle may be isolated, thus
allowing a certain freedom and manoeuvreability
with regard to arterial anastomosis, since either
end of the artery may be anastomosed in an
antegrade or retrograde manner. The authors also

will survive without a radial arterial input. The
suitability of the radial artery as a donor vessel is
assessed by palpation and its course in the forearm
carefully marked. The subcutaneous forearm veins
are identified and similarly marked (Fig. 2). The
appropriately designed flap is drawn and an arm
tourniquet is inflated after elevation-exsanguination. The margins of the flap are incised down to
the deep fascia, isolating and preserving the
proximal subcutaneous veins as required. The flap
is most easily elevated from the posterior ulnar
border where the deep fascia is thickest. The deep
fascia is incised and the flap is raised sub-fascially,
generally taking a rim of fascia beyond the
cutaneous incision. Elevation of the flap in this
plane exposes muscle proximally and tendons
covered with paratenon distally. The intermuscular
septa which pass deeply from the deep fascia must
be divided. The palmaris longus tendon which lies
within a condensation of the deep fascia may be
freed if requried, taking care to preserve its
paratenon intact. The plane of dissection on the
undersurface of the deep fascia ensures that the
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Fig. 2
Figure 2-Pre-operative

marking

of the flap, its arterial

supply and its venous drainage

radial artery is elevated with the flap, since the
vessels lie invested in a condensation of the deep
fascia (Fig. 3). This part of the fascia is the lateral
intermuscular septum: it separates the flexor and
extensor muscle compartments of the arm and
extends beyond the vessels to become firmly
attached to the underlying radius. When raising a

Fig. 3
Figure 3-Cross-section
through the forearm distal to pronator
teres showing the plane of dissection
for elevation
of the
fasciocutaneous
flap.

skin flap, this septum is divided, thus allowing the
radial artery, venae comitantes and radial nerve to
be elevated. At this point in the dissection the
radial margin incision is completed by elevating the
deep fascia from brachioradialis: after retracting
this muscle the sub-fascial dissection can be
completed. During this part of the dissection the
radial nerve is isolated and preserved intact. The
fasciocutaneous flap is now completely free from

(Case I).

the underlying flexor muscles and tendons but it
remains attached by the radial artery and venae
comitantes both proximally and distally and by the
previously isolated subcutaneous veins proximally.
Longitudinal incisions can be made as required in a
proximal or distal direction in order to dissect out
sufficient length of vascular pedicle (Fig. 4).
Where bone is to be included, the lateral
intermuscular septum which joins the deep fascia
to the radius must be preserved intact. The flap is
elevated as described above until the septum
containing the radial vessels is reached. Laterally
the dissection continues beyond the attachment of
the septum to the bone, in order to expose the
periosteum. Medially the plane of dissection passes
deeply through the muscle bellies of flexor pollicis
longus and pronator quadratus to reach the radius
(Fig. 5). Because of the muscle attachments to the
radius, only the segment of bone which lies
between the insertion of pronator teres and the
insertion of brachioradialis can be elevated with
the flap (Fig. 6). A length of up to 10 cm of bone
can be taken and half the cross-section of the
radius may be removed with safety (Fig. 7).
Following release of the tourniquet, haemostasis
is secured and the viability of the flap may be
assessed prior to final separation and transfer.

Donor defect

The most significant defect is the disruption of the
radial arterial supply to the hand, following
removal of a segment of the radial artery. Despite a
negative Allen test, the radial artery should be
repaired as a routine and this can be done easily
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Fig. 5

Fig. 4

Figure ~-TWO additional incisions were made proximally to dissect out sufficient length of radial artery and subcutaneous
The tendinous distal defect contrasts with the proximal muscle bellies (Case 1). Figure 5-Cross-section
through the forearm
to pronator teres showing the plane of dissection for elevation of the osteocutaneous
flap.

vein.
distal

Fig. 6

Fig. 7
Figure 6-Diagram
to show how the muscle attachments
to the radius limit the length of bone available
7 cm length of radius has been elevated with a cuff of flexor pollicis longus (Case 9). The brachioradialis
the bony defect.

for transfer. Figure 7-A
muscle adequately covers
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using a reverse vein graft. A segment of the
cephalic vein is most often chosen: this lies
adjacent to the donor defect and has a diameter
comparable to that of the radial artery (Fig. 8).
The simplest way to close the soft tissue defect is
to use a split-skin graft. Care must be taken to
provide a suitable bed for such grafting and this is
more difficult distally where the flexor muscles
become tendinous. Even when bone is removed, a
graftable surface can still be retained since the
brachioradialis and extensor carpi radialis longus
muscles effectively cover the bony defect (Fig. 7).
The split-skin graft is applied at the time of
operation
and the forearm
and hand are
immobilised for 10 to 12 days. This provides

Fig. 8
Figure : 8-A

5

RECONSTRUCTION

immediate cover and protection to the vein-graft
arterial repair, a relatively pain-free donor site and
Problems
of
low post-operative
morbidity.
“graft-take”
do not significantly hamper the
patient’s
post-operative
progress
or delay
discharge from hospital. There remains of course,
a visible contour defect but the advantages of this
flap in intra-oral reconstruction offer a more than
adequate exchange (Fig. 9).
The possibility of permanently disturbing hand
function persuaded us initially to choose as donor
site the non-dominant arm. This risk, however,
would appear to be theoretical rather than
practical and to date no patients have shown any
post-operative disability.

Fig. 9

post-operative
arteriogram
six weeks later (Case 1). An 8 cm length of cephalic vein was used to repair the defect in I:he
radial artery (see arrows). Figure 9-_(A) Post-operative
appearance
of the forearm six weeks after removal of a 7 cm length of
radius (Case 9). (B) Post-operative
X-ray six weeks after operation.
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Discussion

The oral mucosa is a thin, pliable lining which
often needs replacement after tumour excision.
The pectoralis major and trapezius myocutaneous
flaps have brought an element of safety and
reliability to single-stage reconstruction.
The
major disadvantage of these flaps is their bulk
which makes them more suitable for large defects.
In the repair of smaller defects it may be difficult
or impossible to accommodate the bulk of a
myocutaneous
flap in the mouth
without
displacing the tongue and interfering with its
function. Certain surgical techniques, notably
those which preserve a rim of mandible or the
sternomastoid, have only served to highlight the
problems of large bulky flaps.
The search for a pliable, thin, single-stage
replacement for intra-oral lining led to the use of
the dorsalis pedis free flap. This flap has several
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disadvantages; it is difficult to raise, it produces a
donor defect that restricts immediate postoperative mobilisation and frequently presents
other long-term problems. The use of the jejunum
similarly restricts the immediate post-operative
recovery in an already high-risk group of patients,
with the addition of a painful abdominal wound
and the possible complications of small bowel
surgery. The groin flap, based on the deep
circumflex iliac vessels, also creates a painful
wound which limits mobilisation in the early
post-operative period, particularly when bone is
included in the free tissue transfer.
The forearm provides a relatively pain-free
donor site which does not increase the postoperative morbidity or restrict early post-operative
mobilisation. Delayed soft tissue healing, should it
occur, does not significantly alter the patient’s
post-operative course and to date there have been
no problems in regaining full hand and wrist

Fig. 10
Figure IO-Two
examples of the forearm flap designed as a fasciocutaneous
flap. (A) Squamous carcinoma
involving the lower
alveolus, floor of mouth and retromolar
trigone (Case 7). (B) Post-operative
appearance
six weeks later following an excision that
included a rim resection of the mandible. (C) Squamous carcinoma
of the lateral tongue and adjacent floor of mouth (Case 8).
(D) Post-operative
appearance
three weeks later.
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function. There is of course a contour deformity
which is directly related to the design of the flap,
but the advantages
of this method
of
reconstruction greatly outweigh cosmetic considerations. The major disadvantage of the forearm
flap, namely the disruption of the radial arterial
supply to the hand, can be easily overcome by the
immediate insertion of an inter-positional vein
graft.
The skin of the forearm is ideally suited to

replace oral lining, being thin, pliable and
predominantly hairless (Fig. 10). Both the arterial
supply and the venous drainage of the donor area
can be accurately assessed pre-operatively
by
simple clinical examination. The vascularity of the
area permits considerable variation in the design of
the flap, both in relation to its site and size. A long
vessel pedicle containing large vessels can be raised
and this greatly simplifies the technical aspects of
free tissue transfer.
Furthermore,
a unique

Fig. 11
Figure 1 l-The
forearm flap designed as an osteocutaneous
flap (Case 9). (A) Squamous carcinoma involving the floor of mouth,
tongue and symphysis
of the mandible.
(B) Intra-oral
appearance
six weeks after operation.
(C, D) Pre-operative
and
post-operative
X-ray views to show the extent of the mandibular
reconstruction.
A formal osteotomy of the segment of the radius
was required to obtain a suitable chin projection.
(E, F) Post-operative
appearance
six weeks after operation.
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anatomical feature of this flap is the possibility of
anastomosing both ends of the radial artery to
maintain an arterial flow through the flap. The
lack of resistance to this flow may in part explain
the reliability and success of this flap in free tissue
transfer.
Elevation of the forearm flap is straightforward
and may be performed simultaneously with the
excision of the intra-oral lesion, without altering
the patient’s position on the operating table. The
absence of contracture or “pin cushioning” has
been most remarkable; indeed the forearm flap
appears to behave in a similar manner to animal
flaps raised just deep to the panniculus carnosus. A
possible explanation could be that the deep fascia
does not contract
to the same degree as
subcutaneous fat. Alternatively, it may be that the
deep fascia, by presenting a clean surgical plane on
the undersurface of the flap, causes minimal tissue
reaction. A further advantage of the forearm flap
lies in the possiblity of including a portion of
radius as an osteocutaneous flap (Fig. 11). Unlike
many other methods of composite tissue transfer,
the fascial attachment to bone allows a certain
mobility of the overlying skin which facilitates the
closure of the soft tissue defect.
Based on the authors’ experience of ten
successful clinical cases, the radial forearm flap
appears to offer a safe, reliable, versatile and
convenient method of intra-oral reconstruction.
Note
This paper was submitted for publication and received in the
Editorial Office on the 2nd August, 1982.
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