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Abstract
Introduction  The elbow joint is particularly exposed to soft tissue injuries associated with fractures and dislocations. Dif-
ferent coverage options within the past decades for recovering loss of soft tissue defects around the elbow region have been 
proposed based on anatomical research. Our aim was to make an updated focus on the anatomical basis of different techniques 
of coverage of loss of tissues around the elbow.
Materials and methods  The main procedures of flaps were defined: local random, axial fasciocutaneous, local muscle pedicle, 
propeller and free microvascular flaps. A systematic literature review on anatomical basis on these different flaps options was 
conducted searching on PubMed databases and the selection process was undergone according to the Preferred Reporting 
Items for Systematic Review and Meta-Analysis (PRISMA) guideline. Inclusion criteria were: review and original articles, 
including anatomical basis of the procedures, in English and French languages.
Results  The final analysis included 37 relevant articles out of 1499 published references. 640 flaps were referenced, for cover-
ing 302 elbows. Local random flaps provide a good quality skin for small tissue defects in posterior elbow and periolecranon 
area, and depend on dermal and subdermal blood supply. Axial fasciocutaneous flaps have well-defined blood supplies and 
are designed as peninsular, island, or microvascular free flaps, as the radial forearm, lateral arm, ulnar artery, antecubital 
fasciocutaneous, and posterior interosseous flaps. Muscular flaps have advantages as strength, capacity to contrast local 
infection and to avoid empty spaces, and can be used as pedicle or as free transfers. Propeller flaps can be rotated up to 180° 
around an axis corresponding to the perforator vessel and do not require the sacrifice of a major artery or functional muscle. 
The concept of perforasome is evoked. Free microsurgical transfers can be proposed to cover any defect around the elbow.
Discussion and conclusion  The anatomical basis of the flap’s harvesting and the possibilities of elbow coverage are discussed 
through the selected articles. The different indications according to the areas of soft tissues defects are considered.
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Introduction

Soft tissue defects in the elbow region are numerous and 
range from those caused by tumor excision, burns, trauma, 
infections and exposed prostheses [17]. The elbow is 
particularly prone to trauma due to its position and high 
mobility [38]. It is a difficult region to reconstruct from a 
functional point of view.

Elbow wounds can have extremely disabling effects 
[45], compromising the flexion–extension of the upper 
limb and thus, affecting patient’s quality of life. The heal-
ing of soft tissue defects at the elbow level (closure by first 
or second intention, skin grafts), is hindered by the inti-
mate anatomical relationship between skin and bone, most 
of all in the dorsal area. Supplying a good quality tissue 
is, therefore, primordial to not compromise joint function.

Defects of soft tissues surrounding the elbow area 
require a reconstruction with flexible and adaptable tis-
sue, allowing repetitive motion of flexion and extension 
and authorizing an early mobilization to limit stiffness and 
contracture risks.

There are numerous flap options to cover soft tissue 
defects of elbow. These include:

•	 Local random flaps, based on dermal and subdermal 
vascular network. They include cutaneous tissue rear-
rangements as Z-plasty, rhomboids flaps, advancement/
transposition/rotational flaps [22, 28].

•	 Axial fasciocutaneous flaps, based on a known axial 
blood supply. They can be designed as peninsular, 
island, or microvascular free flaps. The radial forearm 
flap was first described by Yang et al. in 1981 [53], 
rapidly followed by the lateral arm flap, the antecubital, 
the ulnar artery (UA) flap and then by the posterior 
interosseous flap.

•	 Local muscle pedicle flaps They include the anconeus, 
the brachioradialis, the flexor carpi ulnaris, the exten-
sor carpi radialis longus and the latissimus dorsi flaps 
[16, 21, 25, 27, 35].

•	 Propeller flaps, based on a single vascular pedicle, a 
perforator that supplies a fasciocutaneous island of the 
skin. The term “Propeller” is related to the translation 
by rotation of the flap. This island can be turned heli-
cally until vascular tolerance of the flap. Propeller flaps 
have been well defined by Blondeel et al. in 2003 [3]. 
For elbow coverage, radial collateral artery perforator 
(RCAP) or posterior ulnar recurrent artery perforator 
(PURAP) flaps are usually used.

•	 Free microvascular transfers that can include muscle-
only, myocutaneous transfers, fasciocutaneous or com-
posite transfers. Free transfers options used for elbow 
reconstruction include the anterolateral thigh (ALT), 

scapular, and parascapular, gracilis muscle, latissimus 
dorsi muscle, or fibular osteocutaneous flaps [24–54].

The various coverage options within the past decades for 
recovering loss of substances in this particular anatomical 
region have increased, and are related to anatomical basis. 
This supports part of the great interest of plastic and trauma 
surgeons for early recovering, and the elbow joint is a special 
area that justifies in surgical practice skills for managing 
with soft tissue defects around a mobile joint. This article 
aimed to provide an anatomic overview on different flap 
options for elbow coverage through a systematic review.

Materials and methods

We undertook this review in March 2018 in accordance with 
the Preferred Reporting Items for Systematic Review and 
Meta-analysis (PRISMA) statement [31].

Eligibility criteria

The inclusion criteria were as follows: published report 
about the anatomical basis of flaps for elbow coverage 
including original articles and case series. We excluded: case 
reports, articles with no clear anatomical basis techniques, 
and all studies in any language other than English or French.

Search strategy

Eligible studies were identified from the PubMed database 
using the following keywords: “elbow coverage” OR “elbow 
coverage anatomical basis” OR “elbow coverage flaps” 
OR “anatomical basis elbow flaps” OR “flaps for elbow” 
OR “flaps for elbow coverage” OR “soft-tissue coverage 
of elbow” OR “soft-tissue reconstruction for elbow” OR 
“reconstruction of soft-tissue for elbow” OR “soft-tissue 
coverage options for elbow” OR “soft-tissue coverage flaps 
for elbow”.

Reference lists of selected articles were also examined to 
identify additional potentially eligible articles.

Data collection and analysis

Data were extracted independently by two researchers.
Data were collected on authors, publication date, coun-

try, type of study and level of evidence, number of elbows 
covered, localization of the loss of substance, dimension of 
the loss of substance, type of flap, source vessel supplying 
the flap.

A descriptive analysis of all data was carried out.
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Results

Among the 1499 articles initially identified by the search, 
37 were finally selected (Fig. 1). Articles were published 
between 1985 and 2018. They included clinical application 
(n = 25) and cadaveric studies (n = 12). In total 640 flaps 
were performed to cover 302 elbows.

Table 1 shows the presentation of the included articles 
with their geographic distribution, study design, level of 
evidence, number of flaps undergone and number of elbows 
covered.

Table 2 shows the characteristics of the studied flaps.

Indications and anatomy

Local random flaps provide a good quality skin for small 
tissue defects in posterior elbow and periolecranon area 
[36]. They depend on dermal and sub-dermal blood supply. 
Bunkis et al. [4], through an anatomic study, demonstrated 
the presence of a rich fascial vascular plexus in the fore-
arm originated from multiple muscular perforator vessels 
that provided enhanced blood flow to the overlying skin. 

Carriquiry et al. [6] showed that this fascial vascular plexus 
is supplied by multiple branches of the brachial artery (BA) 
reaching the skin through the medial intermuscular septum 
of the arm.

Axial fasciocutaneous flaps have well-defined blood sup-
plies and can be designed as peninsular, island, or microvas-
cular free flaps. The most common examples of axial fascio-
cutaneous flaps for elbow coverage are the radial forearm, 
lateral arm, ulnar artery, antecubital fasciocutaneous, and the 
posterior interosseous flaps. It is a single-stage procedure not 
requiring the sacrifice of any dominant vessel or functional 
muscle. Davalbhakta and Niranjan [12] in their case series 
have used the medial arm flap based on vessels from the 
inferior ulnar collateral artery that would appear to be more 
useful than the lateral arm flap because it retains the skin 
innervation by the medial cutaneous nerve of the forearm. 
However, according to Prantl et al. [40] the vessel supply-
ing the flap runs directly behind the medial epicondyle and 
posterior to the ulnar nerve within the medial intermuscular 
septum, so in case of harvesting this flap, great care should 
be taken on the ulnar nerve. Hayashi et al. [20] described the 
axial adipo-fasciocutaneous flap based on branches of the 
ulnar recurrent artery (URA). In their opinion subcutaneous 
fat should be left attached to the skin flaps to incorporate 
majorly the subdermal plexus and to relatively reduce donor 
site scar. Reverse lateral arm flap has been described in the 
series reported by Davalbhakta and Niranjan [12], Prantl 
et al. [40], Coessens et al. [11], Tung et al. [49], Morrison 
et al. [32], and Turegun et al. [50]. This flap provides stable 
soft tissue coverage for soft tissue defect of the posterior and 
lateral areas of the elbow. This fasciocutaneous flap is based 
on the posterior radial collateral artery (PRCA), which forms 
a vascular arcade in the lateral intermuscular septum with 
the middle collateral artery. Penteado et al. [39] and Mazzer 
et al. [30] described the anatomical basis of the posterior 
interosseous flap in cadaveric studies. In 82 specimens, they 
verified the constant presence of the posterior interosseous 
artery (PIA) which runs on a line drawn from the lateral epi-
condyle of the humerus to the head of the ulna, in the septum 
between the extensor carpi ulnaris and extensor digiti min-
imi muscles, giving off 7–14 cutaneous branches from elbow 
to the wrist. They found that the PIA anastomoses with the 
anterior interosseous artery and the dorsal carpal network 
in 98.6% of their cases. This posterior interosseous flap is 
reliable for small tissue defects in the olecranon zone [17].

Among axial fasciocutaneous flaps, antecubital flap finds 
its use for small-to-medium loss of substance in periolecra-
non area. In the study by Duteillel et al. [14], the predomi-
nant vessel of antecubital flap originated about 1 cm after the 
origin of the radial artery (RA) (the most proximal located 
at 0.85 cm and the most distal at 1.15 cm). This collateral 
branch immediately crossed the fascia before the brachialis 
muscle to join the subcutaneous plan. Conversely, in the 

Electronic Search on Database (Pubmed): 
1499 articles

Title Screened of 1499
Duplicata removing,

Non relevant
(n=1396)

Potentially Relevant 
Abstracts

n=103

Exclusion Criteria
n= 61

Exclusion Criteria 
n=5

Included articles for the 
systematic review

n=37

Full-text article evaluation
n=42

Fig. 1   Flow chart, PRISMA procedure for selecting the articles
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series of Van Landuyt et al. [51], the major vessel supply-
ing the flap corresponded to the inferior part of the ulnar 
artery, segment of the ulnar artery distal to the origin of the 
common interosseous artery. In all cases, the lateral cutane-
ous nerve of the forearm could be harvested with the flap to 
ensure its sensory function. According to Jones et al. [23], 
the radial forearm flap, based on the radial artery, because 
of its thin, supple skin and long pedicle, is the optimal flap 
for coverage of medium size defects in any elbow zone. 

However, a preliminary Allen test for clinical testing of the 
presence and patency of the ulnar artery, or a preoperative 
angiogram should be performed.

Muscular flaps are commonly preferred to fasciocutane-
ous flaps for their strength, their capacity to contrast local 
infection and to avoid empty spaces. They can be used as 
pedicle or as free transfer. Elhassan et al. [15], Fleager 
et al. [16] and Schmidt et al. [43] described the anconeus 
flap to cover small-to-medium defects in the posterior and 

Table 1   Alphabetical list of the included articles with their geographic distribution, study design, level of evidence, number of flaps undergone 
and number of elbows covered

References Countries Publication year Type of study Level of 
evidence

Number of 
total flaps

Numbers of 
elbows covered 
in vivo

Avashia et al. [1] England 2018 Original article II 6 0
Bayne et al. [2] USA 2015 Retrospective cohort IV 17 17
Bunkis et al. [4] USA 1985 Case series IV 43 31
Camuzard et al. [5] France 2016 Original article II 21 1
Carriquiry [6] Uruguay 1989 Original article II 14 2
Chang et al. [7] USA 1994 Case series IV 4 4
Chui et al. [9] China 2012 Case series IV 5 5
Cil et al. [10] Turkey 2010 Original article II 14 14
Coessens et al. [11] Belgium 1993 Case series IV 10 5
Davalbhakta and Niranjan [12] UK 1999 Case series IV 10 9
Delgove et al. [13] France 2018 Case series IV 8 8
Duteillel et al. [14] France 2000 Original article II 13 5
Elhassan et al. [15] USA 2011 Case series IV 20 20
Fleager and Cheung [16] USA 2011 Retrospective cohort III 20 20
Gupta and Yenna [18] USA 2014 Case series IV 6 6
Harvey et al. [19] USA 1999 Case series IV 6 6
Hayashi et al. [20] Japan 2004 Case series IV 3 3
Jones et al. [23] USA 2008 Case series IV 11 11
Leversedge et al. [26] USA 2001 Original article II 10 0
Mateev et al. [29] Kyrgyzstan 2009 Retrospective cohort III 22 22
Mazzer et al. [30] Brazil 1996 Prospective cohort II 51 2
Morrison et al. [32] USA 2013 Case series IV 3 3
Muramaki et al. [33] Japan 2012 Case series IV 2 2
Nakao et al. [34] Japan 2017 Case series IV 24 24
Payne et al. [37] UK 2011 Original article II 12 0
Penteado et al. [39] Brazil 1986 Original article II 82 2
Prantl et al. [40] Germany 2007 Case series IV 10 10
Rohrich and Ingram [41] USA 1995 Original article II 55 2
Schmidt et al. [43] USA 1999 Original article II 23 11
Sharpe et al. [44] USA 2014 Original article II 33 8
Stevanovic et al. [46] USA 1999 Retrospective cohort IV 16 16
Tiengo et al. [47] Italy 2007 Original article II 17 1
Tripathy et al. [48] India 2010 Case series IV 10 10
Tung et al. [49] Taiwan 1997 Case series IV 7 7
Turegun et al. [50] Turkey 2004 Case series IV 11 11
Van Landuyt et al. [51] Belgium 1998 Case series IV 4 4
Wysocki et al. [52] USA 2008 Original article II 17 0
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lateral aspects of the elbow. This muscle is supplied by the 
middle collateral artery (MCA), the recurrent interosseous 
artery (RIA), and posterior branch of the radial collateral 
artery (PBRCA). In the cadaveric study by Schmidt et al. 
[43], RPIA and MCA were present in all specimens, while 
PBRCA was found only in 58.3% of the specimens. In the 
same study, RPIA, that originated from either the ulnar 
artery or the posterior interosseous artery, had an average 
diameter of 1.1 ± 0.4 mm, and the MCA that originated 
from the profunda brachii artery had an average diameter of 
0.8 ± 0.1 mm; in contrast, according to Fleager et al. [16], 
MCA was the main pedicle.

Several studies [1, 2, 37, 46, 52] explored the utility and 
the vascular network of the flexor carpi ulnaris flap. In all 
these studies, this flap was supplied by both the ulnar artery 
and the posterior ulnar recurrent artery, with the ulnar artery 
providing the dominant blood supply. This flap provides a 
predictable coverage for small tissue defects (2–4 cm) in the 
posterior elbow. Brachioradialis flap is a pedicle muscular 
flap used to cover small defects in posterior elbow, one-third 
anterior forearm, the antecubital fossa, and the posterolateral 
elbow region [1, 26, 41]. It is supplied by branches from 
the radial recurrent artery (RRA), the radial artery (RA), 
and the brachial artery (BA). In a dissection study of 53 
upper extremities, Rohrich et al. [41] reported that the major 
vascular pedicles to the brachioradialis muscle arose from 
the RRA in 58%, the BA in 24%, and from the RA in 17% 
of specimens. The dominant pedicle was located between 
4.2 cm proximal and 4.7 cm distal to the elbow fold. Similar 
results have been reported by Leversedge [26], who showed 
that the RRA perfused an average of 41% of the length of the 
muscle and 65% of the entire muscle volume.

Latissimus dorsi flaps can be used as a pedicle or as a 
free flap. It is an interesting option to cover large tissue 
defects in any elbow zone. The vascular pedicle is constant 
(thoracodorsal artery, TA), and the implication within the 
flap of the thoracodorsal nerve could be useful to restore 
flexion–extension [7, 19, 46]. Delgove et al. [13] described 
a new local muscular flap for elbow coverage: the medial 
triceps brachii flap. It can provide coverage for small-to-
medium-sized defects in olecranon and medial elbow areas 
and it is supplied by branches from the middle collateral 
artery and the arterial peri-articular circle.

Propeller flaps, defined as cutaneous or fasciocutaneous 
islands based on perforator vessels, can be rotated up to 
180°, around an axis corresponding to the perforator ves-
sel. They do not require the sacrifice of a major artery or 
functional muscle [5, 10, 29, 33, 34, 47]. The most used 
propeller flaps to cover elbow zone are the radial collat-
eral artery perforator (RCAP)-based and the ulnar recur-
rent artery perforator (PURAP)-based propeller flap. They 
can repair small-to-medium defects around cubital fossa, 
medial dorsal, olecranon for the PURAP propeller flap 

and around the Cubital fossa, lateral and dorsal areas, for 
the RCAP-based propeller flap, respectively. Based on the 
anatomical study of Tiengo et al. [47], a mean of 20 perfo-
rator arteries raised up from the radial artery, and the most 
proximal perforator branch of the radial artery was located 
at a mean distance 2.4 cm from its origin. The same study 
confirmed that in the proximal forearm, the collateral 
branches are less numerous, but larger in diameter than 
in the distal forearm. Recently, Cil et al. [10] described 
in a cadaveric study a new perforator flap based on the 
main perforator of the distal brachial artery (DBAMP). 
In all specimens, the main perforator was found 11.5 cm 
above and 1.3 cm medial to the medial epicondyle of the 
humerus. The mean length and diameter of the DBAMP 
were 3.3 cm and 0.95 mm, respectively. The mean skin ter-
ritory was 10.7 cm × 5.6 cm allowing to cover the posterior 
elbow. Another propeller flap option has been proposed by 
Camuzard [10]; the inferior cubital artery perforator flap, 
based on the inferior cubital artery perforator (ICA), that 
can be used to cover small and medium loss of substance 
in posterior, lateral and medial elbow. The ICA originated 
from the radial artery in 62.5% of specimens, from the 
radial recurrent artery in 17.5%, from the brachial artery 
in 7.5%, from the brachial artery bifurcation in 2.5%.

Free microsurgical transfers can be utilized as com-
posite to cover any defect around the elbow. The flap 
is designed on a precise vascular pedicle and a suitable 
recipient vessel has to exist for the microvascular anasto-
mosis. According to Chui et al. [9], the free anterolateral 
thigh flap (ATL) offers good quality skin and subcutane-
ous tissue, a large skin paddle (about 35 × 25 cm), a vastus 
lateralis muscle that can be used to obliterate dead space 
and contra local infections, and access to fascia lata if a 
triceps tendon repair is necessary. The vascularization of 
this ATL-flap is based on the lateral circumflex femoral 
artery descending branch (LCFA).

Discussion

We provided a systematic review focusing specifically on the 
anatomical basis of flaps used for elbow coverage.

Preoperative considerations before reconstruction of soft 
tissue defects in elbow region are important and careful, and 
are related to the wound size and complexity. Wounds with 
exposed muscle and subcutaneous tissue are accessible to 
healing by secondary intention or skin grafting. When struc-
tural integrity is not preserved (joint, bone, neurovascular 
structure exposure, or tendon without paratendon), coverage 
requires an appropriate flap.

The main objectives of the elbow area soft tissues recon-
struction are:
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•	 Anterior part: thin cutaneous tissue to avoid limitation 
during the elbow flexion, and cutaneous flexibility to 
avoid retractile skin scar during elbow extension.

•	 Posterior part: thin, and flexible skin too, but also “cuta-
neous reserve” allowing 140° of elbow flexion.

Local random flaps based on dermal and subdermal vas-
cular plexus are only used to cover small defects to avoid 
excessive tension compared to primary closure.

Axial fasciocutaneous flaps have the advantage of includ-
ing a known and constant axial blood supply compared to 
the random local flaps. The radial forearm flap was first 
described by Yang et al. in 1981 [53], followed by the lat-
eral arm flap, the ulnar artery flap and then by the posterior 
interosseous flap.

These flaps provide good soft tissues coverage, a smooth 
surface for tendon sliding, and minor functional defects in 
donor sites. Among these flaps, the reverse lateral arm flap 
was the most reported in our review [11, 12, 32, 40, 49]; its 
vascular pedicle is consistent, the donor site can be closed 
primarily, it does not require sacrifice of a major artery or 
functional muscle and allows an early mobilization.

Pedicle muscular flaps include the brachioradialis, the 
extensor carpi radialis longus, the anconeus, and the flexor 
carpi ulnaris, the latissimus dorsi flap, and recently the 
medial triceps brachii flap [13]. They are used as rotation 

flaps to cover small and medium defects. All these muscular 
flaps can be harvested without measurable functional defi-
cit. A special attention should be given when harvesting the 
flexor carpi radialis; due to a relatively short muscle length, 
only 5 cm of muscle distal to the pedicle from the radial 
artery has a reliable perfusion [1]. This pattern should be 
taken into consideration for lateral epicondyle coverage to 
minimize functional morbidity or any situation which could 
require an alternative to the brachioradialis or the flexor 
carpi ulnaris flaps. The latissimus dorsi flap is really use-
ful for achieving a complete coverage of a large posterior 
elbow defect, as shown in a recent case (Figs. 1, 2a, b, 3). 
The covering possibility is associated to a functional effect; 
partial, but useful when the triceps brachii has been lost 
(Figs. 4, 5, 6). Moreover, bone healing is also an important 
goal, and the early coverage contributes to decrease the risk 
of non-union (Fig. 7).

Propeller flaps are cutaneous or fasciocutaneous flaps 
based on perforator vessels that can be rotated up to 180°, 
around their vascular axis [8]. Perforator vessels originat-
ing from deep source pedicles supply a given “perfora-
some” through fascia or septum (septocutaneous perfora-
tors) or through muscles (musculocutaneous perforators) 
[42]. Based on perforator vessels, the realization of this 
flap does not sacrifice a major vascular axis and does not 
compromise the realization of a conventional flap (axial 

Fig. 2   a Patient 72-year-old, bicycle accident (cyclist overturned by 
a truck), internal repair of a complex open supra- and intercondylar 
fracture of the distal humerus by plates and screws, and olecranotomy 

fixed by pins and cerclage. b The initial skin closure has been compli-
cated by a large necrosis of the dorsal surface of the left elbow
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fasciocutaneous, pedicle muscular or free transfer) in 
case of failure. The most common propeller flaps used for 
elbow coverage are the RCAP-based propeller flap and the 
PURAP-based propeller flap.

Free microvascular transfers can be used as composite 
when a tendon reconstruction or a vascularized bone graft 
is required and for large defects, when no other possibili-
ties of coverage are admitted. Authors have found that the 
anterior–lateral thigh flap provides a good versatility for the 
coverage of soft tissue defects around the elbow. The ATL 
can be harvested with a portion of the tensor fascia lata, 
vastus lateralis muscle, or femoral cutaneous nerve [9].

It is interesting to remark that in our review, we did not 
find suitable articles about anatomical basis of free transfers 
for elbow reconstruction, but most of the selected articles 
focused on fasciocutaneous flaps and on propeller flaps. In 

Fig. 3   The removal of the necrotic skin and subcutaneous tissues led 
to a large defect with exposure of the metallic material of internal fix-
ation (plates and screws)

Fig. 4   Harvesting of the ipsilateral latissimus dorsi flap, through a 
lateral thoracic approach. LDF lateral thoracic flap

Fig. 5   Total coverage of the large posterior elbow defect by the latis-
simus dorsi muscle (LTD). C Closure of the thoracic approach. A sec-
ondary skin graft has been performed for complete coverage of the 
posterior surface of the left elbow

Fig. 6   Six-month follow-up. The active elbow extension is weak, but 
present; incomplete, but functionally useful
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the last decades, the concept of reparation has changed, and 
became less and less invasive in the respect of the economy 
of the donor site and the different researches within the ana-
tomical study clearly highlighted this recent phenomenon.

Conclusion

This review of the literature contributed to emphasize the 
place of anatomical research in the development of the dif-
ferent soft tissues coverage procedures in elbow reconstruc-
tion. The constant increase of knowledge about skin cartog-
raphy, muscle’s blood supply, perforators and perforasomes, 
leads to an important relevance in plastic and reconstructive 
techniques.
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