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ABSTRACT

Coverage of elbow defects can be challenging for reconstructive surgeons. The intended
reconstruction not only has to cover and protect the underlying structures but also allow
for smooth functioning of the joint. Even in the era of microsurgery, certain defects are
not amenable to reconstruction with regional flaps or free flaps. Pedicled flaps from the
abdomen play a critical role in such cases to salvage the elbow and hence the limb. While
there are multiple such flaps mentioned, a systematic review is lacking. This systematic
review aims to look at all the pedicled flaps from the abdomen to the elbow reported in
the literature. After an extensive search of multiple databases, 159 articles were obtained, of
which 31 were selected. The flaps reported in the selected articles were grouped into muscle/
musculocutaneous or skin/fasciocutaneous flaps. While the latissimus dorsi appeared
to be the most utilized flap overall to cover the defect in the elbow region, paraumbilical
perforator-based flaps were the most common among the fasciocutaneous flaps. This review
highlights the commonly used flaps, and discusses the advantages and disadvantages of
each. In view of the considerable overlapping names of various fasciocutaneous flaps, we
offer a nomenclature for better communication and understanding.
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Dirsek bolgesi defektlerinin kapatilmasi rekonstriiktif cerrahlar igin kendine 6zgii gesitli
gligliikler igerir. Amaglanan rekonstriiksiyon sadece allta yatan yapilar1 6rterek korumakla
kalmamali, ayn: zamanda dirsek ekleminin sorunsuz hareketine de izin vermelidir.
Mikrocerrahi caginda bile bazi defektlerin bolgesel ya da serbest fleplerle onarimi olanakl
olmayabilir. Bu tip olgularda abdomenden hazirlanan pedikiillii flepler dirsegin ve dolayist
ile ve ekstremitenin kurtarilmasinda ¢ok énemli bir rol oynarlar. Bu amagla pek cok flep
tanimlanmus olsa da bu konu iizerine yazilmis derlemelerin sayis: kisithidir. Bu sistematik
derlemenin amaci literatiirde dirsek bolgesi defektlerinin onarimi i¢in abdomen bélgesinden
hazirlanan flepleri konu alan ¢aligmalar1 gozden gegirmektir. Bu amagla ¢esitli veri
bankalarinin kapsamli taramasi sonucu bulunan 159 makalenin 31 tanesi segildi. Secilen
makalelerde bahsi gegen flepler kas / muskulokutan ya da cilt/ fasyokutan flepler olarak
siniflandirildi. Genel olarak, latissimus dorsi flebi dirsek bolgesi fleplerinin kapatilmast i¢in
kullanilan en yaygin flep olarak ortaya ¢iksa da, paraumblikal perforatorlere baze flepler
en sik kullanilan fasyokiitan flepler idi. Bu derleme, en sik kullanilan flepleri ortaya koyup
bunlarin kullanimu ile ilgili avantaj ve dezavantajlar: tartijmaktadir. Farkli fasyokiitan flepleri
tanimlamak i¢in kullanilan terimler arasinda karigikliga yol acacak derecede bir ortiisme
oldugundan, bu fleplerin daha iyi anlagilmasi ve daha iyi iletisim igin yeni bir tanimlama
sablonu da sunulmustur.

Anahtar Kelimeler: Dirsek, rekonstriiksiyon, pedikiillii flep
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INTRODUCTION

Elbow defects arise due to a variety of causes such
as trauma, infection, burn contracture release or tumor
excision. Defects around the elbow are challenging to
manage due to a multitude of factors. The reconstruc-
tion should cover the exposed joint, bones, tendons,
vessels, nerves, hardware and thus necessitate flap
coverage. A pliable yet well-padded reconstruction is
needed to prevent any contracture and to facilitate
mobilization. The reconstruction should be durable
and also allow for future procedures if needed. Final-
ly, there should be minimal donor site morbidity.

For smaller defects of the elbow there are many
options from the same arm. Transposition flaps, lat-
eral arm flaps, radial artery flaps, posterior interos-
seous flaps and various local muscle flaps can be used
(1-3). However, if the defect is large and the zone of
injury extends further, local and regional flaps may
not be sufficient. Healthy vascularized tissue needs
to be brought in for reconstruction. This can be done
in two ways, either as a free flap or as a pedicled flap
from abdominal tissues. Free flaps have a unique set
of advantages and disadvantages independent of the
location of the defect. The recipient site considerations
are related to finding suitable vessels for anastomosis.
Nevertheless, free flaps are not always possible or
successful. The donor vessels may be in the zone of
trauma necessitating long vein grafts.

The alternative option is pedicled flaps from ab-
dominal tissues. While there are different abdominal
flaps mentioned, a detailed review is lacking. Most
discussion on elbow coverage highlights various local
flaps followed by free flaps with little description of
pedicled flaps from the abdomen (4). However, many
authors have noted that even in the era of microsur-
gery, the distant pedicled flaps have a role to play in
elbow coverage (2-3). We believe that a review of
literature to investigate all flaps for elbow coverage
from abdomen with their anatomical basis, surgical
technique and clinical outcome would be beneficial.
The current study is based on reviewing the literature
for various pedicled abdominal flaps for elbow cov-
erage to highlight the indications, the advantages,
and disadvantages.

MATERIAL AND METHODS

This systematic review was conducted following the
guidelines published by Khan and colleagues (5). Review
was done as per PRISMA guidelines. A search was car-
ried out on various databases such as Scopus, Google
Scholar, PubMed, Web of Science and Cochrane Library.
The keywords “Elbow defect” and “Abdominal flap”
were used to search the databases. The resulting articles
were retrieved and the abstracts were read. Duplicated
articles or articles not in English were excluded. Only
articles pertaining to flap for elbow defect were selected.
Full text articles were obtained and were read by two
authors. Only relevant articles were selected.

The articles were included if they described any
pedicled flap from abdomen to cover the defects around
the elbow. The exclusion criteria were - the flap not
from the abdomen, flap was a free flap, no clinical
application mentioned or the defect was other than
the elbow region. The references in the full text articles
were reviewed for additional articles. The extracted
articles were independently reviewed by two authors.

RESULTS

A total of 159 articles were obtained; 11 articles in
Scopus, 5 articles in Web of Science, 109 articles in Goo-
gle Scholar, 31 in PubMed and 3 in Cochrane Library.
In the first step, the abstracts were read and duplicates
were excluded- thus selecting 43 articles. In the second
step, the full length articles were obtained and read.
According to previously mentioned inclusion and ex-
clusion criteria, a total of 29 articles were included. Two
additional articles were obtained after searching the
references. Hence a total of 31 articles were included.

Among the 31 articles, eight were case reports, 14
were case series with a single flap, 3 were case series
with multiple flaps and six were review articles (Fig.
1). Various flaps were utilized for coverage of elbow
defects. The types of flaps done from abdomen to the

elbow region is shown in Table 1.

Latissimus dorsi flap, either as a muscle or myocu-
taneous, was by far the most common flap used for
elbow coverage from the abdomen. This was followed
by various fasciocutaneous flaps. There were rare
instances of rectus muscle flap, parascapular flap, and
bilateral groin flaps being used.
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Table 1. A summary of flaps from abdominal tissue to the elbow reported in the articles which are included in our
systematic review

Skin/ Fasciocutaneous No. of cases (%) Complications reported

1 | Paraumbilical perforator based flaps Donor site scar, bulky in females, Hematoma
o Oblique (Thoraco umbilical) 25 (16.8%)
o Transverse (Thoraco epigastric) 4(2.7%)
o Thoraco abdominal (random pattern) 2 (1.3%)

2 | Lateral intercostal perforator based flap 8 (5.4%) Scar, Bulky flap

3 | External oblique fasciocutaneous 5(3.3%) Donor site scar, Cellulitis of abdominal wall-

treated with antibiotics

4 | Islanded Parascapular flap 1(0.6%) None reported

5 | Extended/ Bllateral Groin 3(2%) None reported

Muscle/ myocutaneous flaps

1 | Latissimus dorsi 96 (64.8%) Donor site seroma, wound infection, dehiscence,
partial skin graft loss

2 | Rectus abdominis 4(2.7%) Abdominal wall laxity, hernia, Bulky flap

Total 159

v

e Abstracts read
e Selection of Relevant articles —» 43
e Exclusion of duplicated

o Full text read
e Inclusion criteria — 29
e Exclusion criteria

Cross Reference- 2 articles —»> Total 31
Case Single flgap Multiple ﬂap Review
Reports case series case series 6
8 14 3 Figure 2. Representative diagram showing common

pedicled flaps from abdomen. a. (Pink): Intercostal
perforator flap; b. (Purple): Thoracoabdominal

flap; c. (Green) Thoracoumbilical flap; d. (Green):
Thoracoepigastric flap. Also outlined are the muscle flaps -
rectus abdominis (e) and latissimus dorsi (f)

Figure 1. Flowchart diagram showing the process of
systematic review

Clinical and Research Consequences

Various pedicled flaps have been described in the A. Skin or Fasciocutaneous flaps from abdomen
literature, that can be broadly classified into skin or  for elbow coverage
fasciocutaneous flaps and muscle or myocutaneous The vascularity of the anterior abdomen mainly
flaps. (Fig. 2). consists of the perforators of superficial and deep

inferior epigastric circulation medially, and segmen-
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tal branches of intercostal, subcostal and lumbar
arteries laterally (6). The fasciocutaneous flaps follow
a similar pattern.

a. Medially based flaps

Earlier publications of use of abdominal skin for
coverage of elbow defects were predominantly about
random flaps. Based on their location and pattern,
they were named thoracoabdominal, thoracoepigas-
tric, thoracoumbilical, etc. With increase in the aware-
ness of vascularity of the abdominal wall, the nomen-
clature of such flaps has changed. There are numerous
terminologies used for these flaps with considerable
overlap, especially for the umbilical perforator based
flaps. Depending on its geometrical design, the flap
has been named as thoracoumbilical flap, thoraco-
epigastric flap, extended deep inferior epigastric ar-
tery flap, paraumbilical flap or oblique paraumbilical
perforator-based flap.

As it is appropriate to name the flap based on its
principal blood supply, we recommend the term para-
umbilical perforator flap. The location and direction
of the flap determines whether it is oblique or trans-
verse. Oblique flaps extend from the umbilical (tho-
racoumbilical) to the thoracic region, and transverse
flaps extend from the epigastric region (thoracoepi-
gastric) to the thoracic region. We have provided the
following nomenclature for better understanding and

communication.

i. Thoracoumbilical: This term should be reserved
for flaps which have their base around the umbilicus
and extend laterally and superiorly towards the lat-
eral chest wall. The vascularity is based on paraum-
bilical perforators.

ii. Thoracoepigastric: This term should be used
for flaps which have a transverse orientation with
their base in the epigastric area and extending later-
ally towards the chest wall. Their vascularity is based
on the perforating branches of deep inferior epigas-
tric and internal mammary networks.

iii. Thoracoabdominal: We propose this term to
be reserved for random pattern flaps. They can be
anteriorly based or posteriorly based. The term tho-

raco-abdominal flap should be limited to broad based
random pattern flaps as the term thoracoabdominal
is nonspecific and does not specify the underlying
blood supply nor orientation.

i. Thoracoumbilical flaps

Thoracoumbilical flaps have their bases at the
umbilicus and derive their blood supply from para-
umbilical perforators. Seitchik and Garnick were the
first to describe such a flap for elbow coverage (8).
They named it extended deep inferior epigastric ar-
tery flap as they extended it to the level of the scap-
ular tip. However, this was often complicated with
tip necrosis of the flap. With advances in the knowl-
edge of the vascular anatomy of the abdomen,
O’Shaughnessy and Ralwani termed this flap “oblique
paraumbilical perforator flap”. This flap was based
on the paraumbilical perforators of the deep inferior
epigastric artery and its anastomosis between the
perforators of the intercostal vessels (9). In the two
cases described by the authors, one was for a proximal
forearm and elbow, and the second was for a below
elbow amputation stump. The authors noted that this
design allows for a longer length of the flap and com-
fortable positioning compared to other pedicled flaps.

Similar observations were noted by Naduthodikay-
il and Bhandari, who in addition noted that this flap
would place the hand in a nondependent position
(10). They noted that 3-4 perforators were consistent-
ly present at the base of the flap obviating a need for
a preoperative Doppler examination. Their series of
11 patients included a case of circumferential elbow
defect, which is a challenge to reconstruct. Nadutho-
dikayil and Bhandari were successful in covering the
circumferential elbow defect with the oblique design
and delay of the flap posterior to the mid-axillary line.
This significant achievement demonstrated the im-
portance of pedicled abdominal flaps for elbow cov-
erage and, importantly, limb salvage. Ramadevi and
Kumar demonstrated successful reconstruction of
defects on the volar, dorsal, medial and lateral aspect
of the elbow with this flap (11). As recommended by
several authors, we recommend delaying the flap when
extending beyond the mid-axillary line.
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In this review, we found that thoracoumbilical
flaps were the most commonly used fasciocutaneous
flaps for elbow coverage. This flap has the advantage
of long length, ability to close the donor site primar-
ily, nondependent positioning of the hand. The draw-
backs include scar widening.

ii. Thoracoepigastric flaps

These flaps are based on the epigastric region and
extend to the thoracic region. The upper margin of
the flap is at inframammary fold, the lower margin
about 10-16cm caudal to the upper margin. This flap
is based on the perforators of the deep inferior epi-
gastric artery and the internal mammary artery.

Davis and McCraw reported this flap as “Tho-
racoabdominal flap” in 38 patients. Although they
predominantly used this flap for mastectomy and
chest wall defects, they also used it for elbow de-
fects. They noted that the axial supply extends till
anterior axillary line and any extension further
is random pattern (7). They emphasized the im-
portance of including fascia with the flap and
including the vessels perforating the rectus sheath,
failure to do so would jeopardize the flap. Hallock
and Dingeldien described the use of flap which
was similar to the one described by Davis and
termed it more appropriately as “thoracoepigastric
flap”. Like the description by Davis, the upper
margin was in inframammary fold and the lower
margin was 10-16 cm caudal to upper margin.
They also suggested delaying the flap if it extends
beyond the posterior axillary line. They reported
two patients with post-burn elbow defects where
they used this flap successfully for coverage (6).
This flap has been largely replaced by the tho-
racoumbilical flap as described above.

iii. Thoracoabdominal flaps (Random pattern
flaps)

As mentioned previously, we reserved the term
thoracoabdominal for random pattern flaps emerging
from the chest and abdominal wall. The term thora-
coabdominal is nonspecific and does not state the
orientation or vascularity (Fig. 3).

Figure 3. A case with an exposed elbow arthrodesis plate
after resection of a giant cell tumor. Exposed flap was
covered with a pedicled thoracoabdominal flap

Even in the era of microsurgery, these pedicled
flaps have a role in treatment of both civilian and
military injuries. In case of military injuries, Farber
and Taylor noted that free flaps are often not a via-
ble solution because vascular tie-in points are often
compromised or a far proximal anastomosis is need-
ed, that is not practical (12). In their series of 2 pa-
tients, Farber et al used this flap based both anteri-
orly and posteriorly. They noted several advantages
such as adequate soft tissue coverage of small to
significant size and durability of the flap over joint
motion and prosthetic wear. These flaps were broad
based and not dependent on any single source ves-
sel. Hence, they are likely to have a “random pattern”
vascularity.

b. Laterally based flaps

i. Intercostal perforator based flap

The use of lateral intercostal perforator-based flaps
for reconstruction of elbow defects was described by
Yunchuan and Jiaqin et al (13). These flaps were based
on the lateral cutaneous branch of the posterior in-
tercostal artery. The authors preferred the area between
the 7th and 10th intercostal space. The flap could be
designed as vertical, oblique or short transverse. Flaps
measuring up to 16x12 cm were demonstrated by the
authors. The authors believe that patient positioning
is superior with this flap compared to other flaps.
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Further, intercostal perforator flaps can be harvested
from the contralateral side.

Pirela-Cruz and Reddy et al described an anteri-
orly based, intercostal perforator flap (14). While
posteriorly based flaps are solely dependent on in-
tercostal perforators, the anteriorly based flaps do
receive contribution from periumbilical perforators
based on the location.

ii. External oblique fasciocutaneous flap

This flap is based on the perforators entering the
skin through the external oblique muscle. Flap ele-
vation begins on the lateral margin of the rectus ab-
dominis muscle. The external oblique aponeurosis is
included in the flap. As flap dissection proceeds lat-
erally, the fascia overlying external oblique muscle is
included in the flap, dissecting it off the muscle fibers.
This dissection is continued until the mid-axillary
line when the vascular pedicle comes into view. Fish-
er described the use of external oblique fasciocuta-
neous flap in five patients in 1983 (15). Flaps mea-
suring up to 8x18 cm were used, predominantly for
posterior defects of the elbow.

Other Less Common Fasciocutaneous
Flaps

Our literature review resulted in some uncom-
mon flaps. Leena reported the use of pedicled par-
ascapular flaps for coverage of elbow stump in a
single stage reconstruction (16). The parascapular
flap is based on the circumflex scapular artery,
which has a pedicle length up to 10cm. The flap
was eccentrically based in order to gain more
length. The flap was tunneled through the poste-
rior axillary fold to reach the defect. Reyad and
Tallal reported a case of bilateral groin and hypo-
gastric flap for coverage of an extended wound
involving elbow, forearm and hand (17).

B. Muscle or myocutaneous flaps from abdomen
for elbow coverage

The two main muscle flaps from the abdomen
include latissimus dorsi and rectus abdominis.

a. Latissimus dorsi (LD)

LD is a large muscle with a wide arc of rotation.
It can be used for a variety of defects including the
elbow. Ooi and Ng et al have described LD to be the
workhorse flap for elbow reconstruction (18). Its
advantages include coverage of large surface area,
reliable and constant blood supply, the ability to re-
construct in a single stage procedure without need
for immobilization, minimal donor site morbidity in
most patients and the possibility of using it as a func-
tional muscle transfer for elbow flexion or extension.
Schottstaedt et al first described functional muscle
transposition (19). This work was further elaborated
by Zancolli and Mitre (20). Jutte and Rees et al de-
scribed the use of pedicled LD flaps to cover soft
tissue defects at the elbow (21). In a detailed descrip-
tion Stevanovic and Sharpe et al even went on to
suggest using pedicled LD as a prophylactic measure
in complex elbow injuries (3).

LD can be used as a muscle flap with skin grafting
over the muscle, and it can be used as a myocutane-
ous flap with a skin island overlying the muscle (Fig.
4, Fig 5). The island can be designed obliquely or
transversely in women to hide under the brassiere.
Skin islands as large as 8x20 cm can be closed pri-
marily. The anterior transposition can reach 8.4 cm
distal to olecranon, while the posterior transposition
can reach up to 6.5 cm distal to olecranon. Stevanovic
et al recommend incising the skin overlying the trans-

Figure 4. A case with an open elbow fracture resulting
from a motor vehicle accident. Ulnar nerve defect was
reconstructed with a sural nerve graft and the soft tissue
defect was covered with a pedicled latissimus dorsi
musculocutaneous flap and split thickness skin graft
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Figure 5. The case presented in Fig. 4 eleven months
after wound coverage with pedicled latissimus dorsi
musculocutaneous flap

posed muscle rather than a subcutaneous tunnel to
avoid pressure on the pedicle.

To cover a very large area following soft tissue
sarcoma resection and axillary node dissection, Nico-
li and Orfaniotis et al used the latissimus dorsi with
its skin paddle continuing onto groin flap including
inguinal nodes. The large myocutaneous flap was
transposed and supercharged by anastomosing su-
perficial circumflex iliac artery to radial artery (22).
While the LD muscle acted as a functional transfer,
the inguinal nodes were transferred to prevent upper
limb edema.

Use of LD muscle can be contraindicated in pa-
tients who would need lifelong crutch or wheelchair
use. Caution should be exercised while using them
in patients who have a high risk of breast cancer as
it may be needed for future breast reconstruction.

b. Rectus abdominis

The less common muscle flap from the abdomen
is the rectus, which can be used as a muscle only flap
with a skin graft or as a myocutaneous flap. However,
compared to LD, the rectus flap is a two staged proce-
dure and would need a division after three weeks. Fur-
ther, loss of rectus is not without complications. Hence,
this flap has fallen out of favor for elbow defects and
replaced by the fasciocutaneous flaps previously listed.
The discussion is mainly of academic interest.

Sbitany and Wray described a case of post traumat-
icinfected elbow coverage with superiorly based rectus
abdominis muscle flap with skin graft. The flap was

divided after three weeks and the superior part of the
muscle was returned to the abdomen. (23). Similarly,
Burstien and Salomon described transverse rectus island
flap, where a transverse skin island was harvested based
on a superiorly based rectus muscle. This flap was ap-
plied in three patients with elbow defects (24).

CONCLUSION

Even in the era of microsurgery, there is a definite
role for pedicled flaps in elbow reconstruction. Knowl-
edge about these flaps is very beneficial in salvaging
the elbow in difficult clinical situations. These flaps
can be the back-up or even preferred flaps in elbow
and limb salvage. Based on our review, we found that
LD is the most common pedicled abdominal flap used
for reconstruction of elbow defects. It has many ad-
vantages - being a single stage procedure, not requiring
immobilization and the ability to provide motor func-
tion. Among the fasciocutaneous flaps, the paraum-
bilical perforator-based flaps appears to be the most
frequently utilized. This flap has the potential to be
used for coverage of circumferential elbow defects.
However, donor site scar and a necessary period of
immobilization are some of potential drawbacks as-
sociated with its use. Other less frequently used flaps
are thoracoabdominal, thoracoepigastric, intercostal
perforator based flaps and parascapular flaps. These
fasciocutaneous flaps have replaced the rectus abdom-
inis muscle flap for this purpose. There is a discrep-
ancy in the nomenclature of fasciocutaneous flaps.
With better understanding of flap circulation and
vascular basis, the terminology of flaps has been evolv-
ing. We have provided a simplified definition for bet-
ter understanding and communication.
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