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Technical note

Autonomous Reparative Unit (ARU):  
a new concept of repairing free flap donor site  
with local full-thickness skin graft
Unità Riparativa Autonoma (ARU): nuovi concetti di riparazione del sito donatore 
di lembi liberi con innesto a tutto spessore da cute adiacente
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SUMMARY

Usually, harvesting free flap in the limbs creates an inevitable sequence of aesthetic damage not only in the donor site but also in the area 
of the graft used to repair the free flap donor site. Aim of the study was to standardize a simple method, defined Autonomous Reparative 
Unit, that allows closing of the donor site defects with a skin graft from the adjacent cutaneous area, avoiding further aesthetic damage in 
a third area. We define the “Autonomous Reparative Unit” the rectangular shaped skin area of the flap and the dermoepidermic skin graft 
designed as an isoscele triangle with the base adjacent to the smaller side of the flap defect. From 2003 to 2008, at the Fondazione IRCCS 
Istituto Nationale Tumori of Milan, 143 free radial forearm flaps and 42 free osteofasciocutaneus fibula flaps have been performed for head 
and neck cancer. The autonomous reparative unit has been applicable in 177 cases (92.1%). The autonomous reparative unit method allows 
a “standard” primary reconstructive unit to be created which can be used in a single or in multiple ways thus avoiding an additional surgical 
scar and a subsequent additional aesthetic impairment.

KEY WORDS: Radial forearm free flap • Fibula free flap • Donor site morbidity • Donor site closure • Autonomous reparative unit (ARU)

RIASSUNTO

L’utilizzo dei lembi liberi microvascolari crea un inevitabile sequenza di danni estetici prima nella sede donatrice, poi nella sede del prelie-
vo dell’innesto per la riparazione della sede precedente. L’obiettivo è standardizzare una metodica semplice, da noi definita “Autonomous 
Reparative Unit” (ARU), che permetta la chiusura del difetto dell’area donatrice con innesto dermo-epidermico prelevato da area cutanea 
adiacente alla sede di prelievo, evitando così l’ulteriore danno estetico in una terza sede. L’ARU è composta dall’area di prelievo di cute 
del lembo di forma rettangolare più l’area di prelievo dermo-epidermico disegnata come triangolo isoscele a base adiacente al difetto 
del lembo. Dal 2003 al 2008, presso la Fondazione IRCCS Istituto Nazionale Tumori di Milano, sono stati allestiti 143 lembi radiale di 
avambraccio e 42 lembi di perone per neoplasie maligne cervico-facciali. L’ARU è stata applicabile in 177 casi (92,1%). La definizione 
dell’ARU permette di avere una unità ricostruttiva elementare, “standard”, di facile applicabilità e ripetibilità, di uso singolo o multiplo 
per riparazioni più complesse. 

PAROLE CHIAVE: Lembo libero radiale di avambraccio • Lembo libero osteofasciocutaneo di fibula • Morbilità del sito donatore • 
Chiusura del sito donatore • Unità Riparativa Autonoma (ARU)
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Introduction

Revascularized free flaps are currently the “gold standard” 
in head and neck reconstruction following large oncologic 
resections. The free radial forearm flap (FRFF) and the 
free fibula osteofasciocutaneous flap (FFOF) are the most 
frequently used 1-4.
In both cases, several methods for recovering the exposed 
donor site have been reported 5. 

 Direct closure would be the method of choice, but is often 
not possible due to a too large defect and/or insufficient skin 
laxity. Other techniques described are: secondary healing, 
split-thickness skin graft, full-thickness skin graft 6-10, use 
of alloderm 11, skin expansion 12, local V-Y full-thickness 
skin transposition 13-15, Z-plasty closure 16, double-opposing 
rhomboid transposition flap 17, pursestring closure 18, local 
pedicled ulnar flaps 19, skin-stretching device and negative 
pressure wound dressing 20 21. 
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Each of these methods has its own limitations; surgeons 
must base their choice of one technique, with respect to 
another, on their clinical experience. Usually the donor 
site is repaired by a skin graft, which is normally harvest-
ed in a cutaneous area distant from the donor site, which 
causes an additional aesthetic impairment.
Some techniques, to avoid the additional scars, have been 
described, mainly based on local full-thickness skin graft 
(FTSG) 8 13-15 22 23. In our experience, it could be the most 
worthwhile solution to improve aesthetic results in such 
patients.
In this paper, our personal technique used for harvesting 
local FTSG is described. A simple solution, suitable for 
all reconstructions with a FRFF or FOFF, which allows 
repair of the donor site defect with a FTSG harvested in 
an adjacent cutaneous area in the same segment of the 
limb. Attention is focused on a description of the tech-
nique as well as an outline of the standard criteria adopted 
when employing it. This method, which we have called 
“Autonomous Reparative Unit” (ARU), is applicable for 
all free flaps needing closure with a skin graft.

Materials and methods

Description of the technique
The concept of ARU is based on two components: the rec-
tangular shaped skin flap area and the full-thickness skin 
graft designed as an isosceles triangle with its base adja-
cent to the smaller side of the flap defect (Fig. 1). 

Fig. 1. “Autonomous Reparative Unit” (ARU) components.

For the forearm flap it is possible to repair the defect with 
a single ARU, whereas for the fibula flap two ARUs are 
necessary.

a) Forearm Site
In the forearm, the FRFF is usually harvested, as a rectan-
gle, in the distal third of the segment of the forearm with 
its larger side in the proximal-distal direction. In this tech-
nique, the forearm is to be considered as a cylinder with 
an axial length and a circumferential width. The maxi-
mum width of the ARU must not exceed 50% of the total 
circumference of the forearm as measured in the distal 
third (Fig. 2).

The ARU is based on the fasciocutaneous area of the fore-
arm free flap and the isosceles triangle shaped area of the 
adjacent full-thickness skin graft. The height of the trian-
gle should be twice the length of the flap (proximal-distal 
direction) (Fig. 3). 

Fig. 3. Stages of preparation and repair of the forearm donor site according 
to ARU method (1st: Full-thickness skin graft harvesting; 2nd Fasciocutaneous 
free flap harvesting; 3rd: Triangular skin graft positioning; 4th: Direct suture of 
the proximal third of the defect).

This means that the total length of the forearm is divid-
ed into three parts: the distal third corresponding to the 
design of the fasciocutaneous flap and the proximal two 
thirds corresponding to the skin graft. 
In the first phase of this procedure, the triangular area of 
the full-thickness skin graft is harvested; then the radial 
forearm free flap is harvested with a conventional tech-
nique. The residual subcutaneous tissue of the proximal 
two thirds of the triangular area should be removed. 
The donor site is closed by direct suture of the proximal 
third and by grafting the two distal thirds (Fig. 3). 

b) Leg Site 
Major reconstructive problems, in this site, are represent-
ed by the lesser elasticity of the cutaneous tissue and the 
central localization of the skin component of the flap. This 
makes the reparative design more complex. 
Correct performance of the ARU technique requires that 

Fig. 2. Top: planning of the forearm free flap by ARU method; Below: final 
result.
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also the leg be ideally considered as a cylinder with an 
axial length and a circumferential width (Fig. 4).

Fig. 4. Planning of the fibula free flap by Double-Rau method. 

In order to better establish the theoretical design, it is 
necessary to hypotheitcally divide the leg into two hemi-
cylinders of equal length: one cephalic and one caudal. 
For successful repair, two ARUs (proximal and distal) are 
necessary: each one must be the mirror image to a cross-
sectional plane passing in the middle of the leg (Fig. 5). 
The initial design delimits a central rectangular area lo-
cated over the central third of the leg and two triangular 
adjacent areas (proximal and distal third). This entity rep-
resents an approximately elliptic-shaped defect (Fig. 5). 
The flap design is based on two ARUs (cephalic and cau-
dal), each composed of 50% of the cutaneous rectangular 
area and an adjacent triangular skin graft area (Fig. 5). 

Fig. 5. Repair of donor site of leg divides this segment into two ARUs.

Once the flap has been properly designed, the two trian-
gular areas of full-thickness skin graft can be harvested, 
leaving a rectangular skin area in the central third.
Subsequently, the conventional osteofasciocutaneous free 
flap can be harvested. 

The osteofasciocutaneous flap is eventually performed 
with a cutaneous area in which the central third is com-
posed of total skin and the two lateral thirds are composed 
only of subcutaneous and dermal tissue. The two lateral 
thirds can either be sacrificed in order to obtain the initial 
design of the flap or spared, if necessary.
The donor site defect is closed by direct suture on the 
proximal and distal extremities; the central area is covered 
by two triangular skin grafts (Fig. 6). 

Fig. 6. Stages of preparation and repair of donor site of leg according to 
ARU method (1st: harvesting of dermoepidermic skin grafts; 2nd: fasciocuta-
neous flap harvesting; 3rd: positioning of grafts over central third; 4th: direct 
suture of proximal and distal portions of defect).

Table II. Feasibility criteria of ARU in fibula free flap.

1) The maximum width of the ARU must not exceed 25% of the total 
of the leg circumference

2) The length of the harvested cutaneous rectangular area must not 
exceed one third of the total length of the surgical defect

3) The area of the harvested skin graft must be an isoscele triangle 
with the base adjacent to the proximal and distal sides of the 
rectangular area, and with equal width

4) The length of every triangle must be equal to the length of the 
rectangular area

Description of the series
Since 2003, 185 patients with oral and oro-pharyngeal 
cancers were submitted for the ARU technique and under-
went a large surgical resection at the Cranio-Maxillo-Fa-
cial Surgery Unit of the National Cancer Institute (IRCCS 
Fondazione Istituto Nazionale Tumori) in Milan, Italy. 
Average age of patients was 59.3 years, range (16-82 
years), M/F ratio 1.4. All operations were performed by 
the same surgical team. 
In 143/185 cases, reconstruction was performed with a 
FRFF. In 2 cases with small defects, these were closed by 
local flap. In other cases, 132/141 (93.6%) met the pre-

Table I. Feasibility criteria of the ARU in the forearm free flap.

1) The maximum width of the ARU must not exceed 50% of the total circumference of the forearm in the distal third

2) The length of the flap must be equal to one third of the total length of the ARU

3) The skin graft area must be an isoscele triangle with its base adjacent to the proximal side of the flap and an equal width

4) The length of the triangle must be twice the axial length of the flap, corresponding to the 2/3 proximal of the ARU

5) The apex of the ARU must not exceed the fold of the elbow in order to avoid retracting scars limiting the arm functionality
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operative criteria of the ARU method; in 9/141 (6.4%), 
the ARU method was not performed because the defects 
were more than 1/3 of the forearm needing a groin full-
thickness skin graft.
In 42/185 patients, who needed mandibular reconstruc-
tion, a FOFF was used; in 6 cases, direct closure was 
performed, in 31/36 (86.2%) patients, double ARU was 
performed, only 5/36 (13.8%) cases did not meet the pre-
operative criteria of the ARU method because the defects 
were more than 1/3 of the leg thus needing a groin full-
thickness skin graft.
For the final analysis of data, the following variables were 
considered:

feasibility of the ARU method;
vitality of the graft evaluated in the post-operative time 
expressed as total loss, partial loss and absent/minimal 
(< 5%) loss; 
scar evolution of the graft (30, 60, 180 days) assessed 
by clinical examination. 

Results
The median follow-up was 18 months (range 4 months-6 
years). 

Forearm Site analysis
In all the 132 cases submitted to the ARU method, the 
forearm defect was successfully closed with an adjacent 
skin graft without tension. All the pre-operative criteria 
were applied and proved feasible in all cases. Special 
care was taken for the young patients and obese patients, 
for whom all the ARU criteria had to be strictly observed 
due to the reduced elasticity of the skin and the muscular 
mass.
As far as concerns the final evaluation of the vitality of 
the graft, 117/132 patients (88.6%) healed without or with 
only minimal (5%) loss, 15/132 (11.4%) showed partial 
loss. No total loss was recorded. 

–
–

–

Exposure of the tendons occurred in two cases of partial 
skin graft loss; due to technical errors, as the paratenon 
was not respected during the flap harvesting, and thus 
not in direct correlation with the ARU method. Complete 
healing was achieved with O

2 
hyperbaric therapy.

As far as the scar evolution is concerned, in 108/132 cases 
(82%) a normal scar was reported, 24/132 cases (18%) 
had hypertrophic scars, whereas no keloid scar was ob-
served. In those cases of hypertrophic scars and in the ab-
sence of exudations, elastocompressive supports and laser 
therapy were used. One patient, after 6 months showed 
severe and persistent dysaesthesia. 

Leg Site analysis
In all 31 cases of fibula free flap submitted to the ARU 
method, the donor site was repaired with the double ARU 
technique and reconstruction was obtained without tension. 
Due to the reduced elasticity of the leg skin, it was necessary 
to strictly comply with the ARU application criteria. 
From the final evaluation of the vitality of the graft, 23/31 
patients (74.1%) healed without or only minimal (< 5%) 
loss, 7/31 (22.5%) partial loss while in one case total loss 
was recorded. 

Fig. 8. Case of fibula free flap donor site repaired with Double-ARU method.

Discussion
The main aim of surgery, in head and neck oncology, is 
radical tumour resection, but the optimal restoration of the 
physiological functions remains mandatory.
Last but not least, all efforts must be made in order to 
limit the aesthetic impairments caused by cancer ablation, 
which may affect the patient’s quality of life 24.
The use of microvascular free flaps has become a widely 
accepted therapeutic choice in extensive head and neck 
reconstruction, due to the advantages it offers over con-
ventional procedures. This extensive use of the free flap 
has shifted some of the focus, in head and neck recon-
struction, towards limiting donor site morbidity 25-34.Fig. 7. Intra-operative images of RFFF donor site repaired with ARU method.
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Numerous techniques have been described for the repair 
of the donor site, most Authors have used skin grafts from 
distant sites (abdomen, thigh, groin, arm) 5-21, this obvi-
ously results in aesthetic and functional damage, both in 
the donor site and in the site in which the skin graft, for 
the wound closure, is harvested.
Local fasciocutaneous transposition flaps have been re-
ported to yield good-quality skin and to heal rapidly with-
out functional deficit 35. However, they usually require ex-
tensive dissection of the forearm, with subsequent sensory 
loss and oedema 36.
A bilobed flap, based on the fasciocutaneous perforator of 
the ulnar artery, does not require an additional donor site 
but is suitable for the closure of only small or medium-
size donor defects. A long post-operative scar is the major 
disadvantage and it has a high sensory nerve damage rate. 
Furthermore, it requires a reatively highly skilled surgical 
performance 5. 
Split skin graft, usually from the thigh, has been reported 
to cause very poor cosmetic appearance of the scar; and 
contraction of the split skin graft is significantly high, par-
ticularly on a poorly vascularised recipient bed 1.
Full-thickness grafts, often preferred on account of the 
better aesthetic result and better quality tissue, are com-
monly taken from the groin, requiring a separate op-
eration field, additional operation time, more dressings, 
delayed healing, discomfort, itching, and conspicuous 
scarring 19. The scar may be mistaken for an abdominal 
operation, and Sleeman et al. 9 recommended using the 
left side presumably to avoid confusion with an appen-
dicectomy scar.
The inner arm is another convenient donor site but re-
quires additional time for removal of the tourniquet as 
well as further preparation and draping of the arm 4. 
All these techniques can lead to a good result but still need 
a third scar, unlike the present ARU method. 
Some Authors, concerning the use of FTSG from the ip-
silateral proximal forearm, have reported good results in 
terms of aesthetics and function 15 37.
Gonzàles-Garcìa, et al. 22, reported that the combined lo-
cal triangular FTSG closure of the FRFF donor site is a 
reliable technique, without the need of a distant donor 
site, which may preclude donor-site problems. However, 
although the results are good as far as concerns associated 
morbidity, the closure of the donor site, in a combined lo-
cal FTSG triangular fashion, is limited by the size of the 
defect. This disadvantage can be eliminated with the use 

of the our ARU method, which proved reliable for large 
donor site defects 22. 
The advantage of our ARU method is the possibility to 
establish well-defined criteria, easily applicable and re-
peatable, useful to the surgeons who wants to apply local 
FTSG as a technique for donor site repair.
The donor site of the skin graft can be associated with 
pain, infection and hypertrophic scar formation 38. Many 
donor site complications with the FRFF and FFOF proce-
dures have been described 23 39-42.
Richardson et al. reported that healing of the donor site of 
the radial fasciocutaneous flap was compromised by loss 
of the skin graft (16%), exposure of a tendon (13%), and 
delayed healing (22%), with the additional problem of de-
layed healing at the split-skin graft donor site (24%) 19. 
Suprafascial dissection of the FRFF limited donor-site 
complications even further 43-45.
In our series, harvested in a conventional fashion, without 
suprafascial dissection, considerably better results were 
achieved: 89% successful healing, 11% partial loss of the 
skin graft, 1.4% exposure of a tendon. No additional prob-
lems of delayed healing occurred at the split-skin graft 
donor site, simply because it doesn’t exist. 
The only disadvantage of our method is the wider area 
grafted in the forearm; but our high rate of successful 
healing is probably due to the fact that the skin graft, al-
though wider, is placed without tension.
The importance of our study is the introduction of the 
ARU technique which offers the possibility to restore the 
free flap bedside by using an adjacent skin area, without 
further morbidity and additional scar. Furthermore, the 
procedure is easily and rapidly performed and needs no 
special skill.
The ARU method, we developed, has been applied, so 
far, to the most common types of limb flaps, but appro-
priate modifications to the above criteria might result in 
this procedure becoming suitable for all cutaneous re-
gions. 
The ARU method permits the creation of a “standard” 
primary reconstructive unit, which is both manageable 
and repeatable. It can either be used as a single or as 
multiple units, depending on the type of reconstruction. 
The major advantage of this technique is that it offers the 
possibility to reconstruct donor defects with adjacent tis-
sue in a one-stage operation minimizing donor-site mor-
bidity and improving overall aesthetic appearance since 
there is no longer a third scar in another site.
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