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ABSTRACT 
Objectives: Adequate coverage of traumatic complex lower extremity wounds is often challenging for reconstructive sur-
geons. Local perforator flaps have gained wide acceptance as an alternative in soft tissue coverage of complex lower ex-
tremity defects over the last decade. Here, we report our experience with distal lower extremity reconstructions performed 
either with free or local perforator flaps. In the literature, no studies have been conducted that directly compare free flaps 
to propeller flaps; our aim here was to compare non-microvascular microsurgical flaps with free flaps for coverage of trau-
matic lower extremity wounds.
Methods: 28 patients operated on for lower extremity defects and reconstructed either with free or local perforator flaps 
between February 2011 to June 2015 were included in the study.  Age, gender, defect sizes, etiologies, and operation times 
were reviewed. Postoperative recipient and donor site complications, hospital stay, and additional surgical procedures 
were also analyzed.
Results: There were 24 male and four female patients. Mean age was 43.11 years (range: 30 to 65 years) in the free 
perforator flap group and mean age was 44 years (range: 30 to 70 years) in the local perforator flap group. Hospital stay 
and overall operation time was significantly higher in the free flap group. There was no statistically significant difference in 
complication rates between either group.
Conclusions: Concerning many advantages, like decreased operative time, avoiding micro anastomosis, and reconstruc-
tion with like tissues, we suggest that propeller perforator flaps can be the first-line reconstructive choice. These flaps can 
be used successfully by reconstructive surgeons in small clinics and they may prevent unnecessary tertiary medical center 
referrals as well as extended hospitalizations, long operation times, and increased costs.
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Introduction
Adequate coverage of traumatic complex lower 

extremity wounds is often challenging for reconstruc-
tive surgeons. In cases of exposed bone, tendon, open 

joints, or presence of prosthetic devices, hardware, and 
also for defects requiring large amounts of tissue, free 
flaps are often employed [1]. Among many other op-
tions, anterolateral thigh (ALT) has gained widespread 
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acceptance as a consequence of the long and reliable 
pedicle, consistent anatomical features, low donor-site 
morbidity, and also by providing adequate vessel sizing 
for microanastomosis [2,3]. Microvascular free flaps 
are often demanding and require microsurgical exper-
tise and prolonged operation times and long post-op-
erative follow-up periods are certainly disadvantages. 
After traumatic defects of the lower extremities, recip-
ient vessels can be inappropriate or absent and micro-
vascular anastomosis may be difficult, especially in dia-
betic, elderly patients with peripheral vascular disease. 
Furthermore, the general condition of many patients 
may not be suitable for such a long and sophisticated 
operation. Postoperative care is difficult and intensive 
care hospitalization is typically required for patients 
who have undergone free flap reconstruction [4]. Con-
cerning these certain disadvantages, reliable local alter-
natives have been proposed and intensively studied in 
the literature as of late [5].

Local perforator flaps have gained wide ac-
ceptance as an alternative for soft tissue coverage of 
complex lower extremity defects, especially in the 
mid-distal lower extremity, ankle, and foot over the 
last decade [6]. The presence of multiple perforator 
alternatives around the distal leg has resulted in versa-
tility in the design and choice of flaps applicable to de-
fects of various locations and sizes. Major benefits of 
these flaps are sparing of the underlying muscles and 
major leg vessels while also providing versatile shape, 
design, and composition. Reconstruction with neigh-
boring tissues is the most suitable choice with similar 
color, texture, and thickness. These flaps are harvested 
under loupe magnification but even though they do 
not require microanastomosis, they can be defined as 
non-microvascular microsurgical flaps [7]. The goal 
of the current study is to retrospectively compare 
the outcomes of 17 free perforator flaps and 11 local 
propeller perforator flaps in order to analyze the relia-
bility of these flaps, complication rates, and operative 
outcomes.

Materials and Methods
From February 2011 to June 2015, 28 patients op-

erated on for acute lower extremity traumatic defects 
were recruited in this study. The defects were either 
reconstructed with free or local perforator flaps simul-
taneously or following orthopedic intervention. Distal 
leg, ankle, and foot traumatic defects that were operat-
ed on within one month of initial trauma were included 
in the study. All the defects manifested exposed bone, 
tendon, open joint, or presence of prosthetic devices 
and hardware alone or in combination, therefore flap 
reconstruction was mandatory. Etiologically, motor ve-
hicle accidents, acute burns, work injuries, and gunshot 
wounds were observed. Patients with chronic wounds, 
peripheral vascular disease, diabetes, and any known sys-
temic comorbidities were excluded from the study. Only 
small- to medium-sized defects were included, therefore 
defects greater than 100 cm2 were excluded. Strictly per-
forator-based free and local flap reconstructions were 
included. For the defects under the superior border of 
medial malleoli, the selection of coverage was generally 
free flaps. All defects had undergone serial debridement 
and washout, and 22 patients received negative pressure 
wound care to achieve a necrosis-free wound bedding 
and negative cultures before flap closure was performed.

We prefer Enoxaparin Na 60 mg 0.6 ml (sc) for an-
ticoagulation, once before the anastomosis and contin-
ually applied daily for 5 days. Postoperative full blood 
counts were checked after the operation and once in 
patients with hemorrhagic drainage once a day in the 
subsequent hospitalization period. There was no need 
for blood transfusion postoperatively 

All local perforator flaps were used in a propeller 
fashion of varying degrees of rotational arc ranging be-
tween 90 to 180 degrees. The main feeding artery was 
either the posterior tibial artery or peroneal artery. The 
study outcomes were flap viability (lack of necrosis), 
donor-site complications, achievement of wound clo-
sure, need for revision surgery, total operation time, 
and hospitalization period.
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Figure 1. Reconstruction of a post-burn defect with exposed meta-
tarsophalangeal joint with a free medial sural artery perforator flap. 
(A) Flap is planned and elevated over medial gastrocnemius muscle. 
Pedicle medial sural artery and vena comitantes were dissected intra-
muscularly. (B) Pedicle can be as long as 16 cm; all branches were 
clipped and cauterized. Flap is harvested with 14 cm pedicle length. 
(C) Flap is adapted to the defect area with temporary stitches and the 
pedicle is anastomosed with the branches of the posterior tibial artery 
and comitating veins. (D) Post-operative fourth month view.

Figure 2. Reconstruction of a heel defect with exposed bone and 
hardware with a free ALT flap. (A) View of defect that occurred due to 
motor vehicle accident after serial debridement and VAC application. 
(B) Identification of the recipient vessels. (C) An ALT flap is elevated 
with one perforator from contralateral thigh region and anastomosed 
to the defect. (D, E) Post-operative lateral and posterior views show-
ing good adaptation of flap.

Statistical Analysis
Sample size estimation was performed using 

the Wilcoxon (Mann-Whitney) rank-sum test for 
ordered categories with a two-sided .05 significance 
level. A sample t-test was employed in the compari-
son of normally distributed data between the groups, 
and descriptive statistics are displayed in the form of 
mean (SD). The Mann-Whitney U-test was utilized in 
non–normally distributed data, and descriptive statis-
tics are shown in median format (25th–75th percen-
tiles). The [CHI]2 test was applied for the analysis of 
qualitative data. P < .05 was considered statistically 
significant.

Results
17 free perforator flaps and 11 local perforator 

flaps were included in this study. Of the free flaps, there 
were 12 ALT flaps, 2 MSAP flaps, and 3 TAP flaps used 
(Figures 1 and 2). In 7 cases, peroneal artery perfora-
tors were employed, and in 4 cases, posterior tibial ar-
tery perforators were used (Figure 3).

Among the 28 patients, there were 22 motor ve-
hicle accidents, three gunshot wounds, two work inju-
ries, and one acute burn trauma. Demographics, diag-
noses, and defect sizes of patients are shown in Table 
1. There were 24 male and four female patients. The 
mean age was 43.11 years (range: 30 to 65 years) in 
the free perforator flap group, and the mean age was 
44 years (range: 30 to 70 years) in the local perforator 
flap group. Mean operation time in the free flap group 
was 4.35±1.27 hours and 2.63±0.67 hours in the local 
perforator flap group. There was a statistically signifi-
cant difference between groups with regards to total 

A

A

B

B

D

D E

C

C



Ozkan HS et al.

105   |   Hand and Microsurgery

Figure 3. Reconstruction of a defect following motor vehicle accident 
with a local propeller flap. (A) Audible perforators are marked after 
hand-held Doppler examination and a 22x8 cm propeller flap was 
planned over medial calf region from posterior tibial artery as the feed-
ing vessel. (B) After exploratory incision, three sizeable perforators 
corresponded. (C) Following temporary clamping of other perforators, 
flap was islanded over the most suitable perforator and brisk bleeding 
from the flap border was confirmed. (D) Flap was turned 180 degrees 
and adapted to the defect area. Donor site was closed partially with su-
turation and rest was skin-grafted. (E) Post-operative first month view.

operation time (p0.0001). The mean hospital stay was 
21.23±4.78 days in the free perforator flap group and 
10.90±2.62 days in the local perforator flap group. This 
difference was also statistically significant between 
groups (p0.0001) (Table 2).

In the free perforator flap group, one total flap loss 
occurred. There were three minor complications, ve-
nous congestion, and partial flap loss in two patients 
and wound dehiscence in one patient. The congested 
flaps were salvaged with leech therapy and wound de-
hiscence’s healed with serial debridement and negative 
pressure wound dressings. In the local perforator flap 
group, there was one venous congestion where leech 
therapy was applied. There were no donor-site healing 
problems in the free perforator group but one partial 
graft loss took place in the local perforator group, so 
skin graft application was repeated. There were three 

Table 1. Demographics, diagnoses, and recipient defects of 28 
patients that underwent lower extremity reconstruction using free  
perforator flap and local perforator flaps.

Local Perforator 
Flap

Free Perforator 
Flap

Sex

       Male 9 15

       Female 2 2

 Age

       Mean 44.00 ±14.95 43.11±12.21

       Range 25-65 23-75

Diagnoses

       MVA 7 12

       Gunshot 1 2

       Work Related Injuries 1 1

       Burn - 2

Defect size cm2

      Mean 66.36±19.24 67.35±21.36

      Range 50-116 56-156

Table 2. Clinical course.

Local Perforator 
Flap

Free Perforator 
Flap P*

Operation Time

0.000       Mean 2.63±0.67 4.35±1.27

       Range 2-4.2 3.5-5.6

Hospital Stay

0.000       Mean 10.90±2.62 21.23±4.78

       Range 8-18 16-34

Follow up

0.624       Mean 3.09±0.83 2.94±074

       Range

Complications 2 4 0.774

Complication Types Local Perforator 
Flap

Free Perforator 
Flap

Flap loss 

     Partial 1 2

     Total 1

Donor-site complications 1 -

Reoperation for defect 
closure 1 1

Dehiscence - 1

*Mann-Whitney U-test
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minor transient venous congestions in the local perfora-
tor flap group that was resolved spontaneously without 
any intervention. There was no statistically significant 
difference concerning complication rates. The hospital 
stay and overall operation time was significantly higher 
in the free flap group.

The average follow-up period was 3.09 months in 
the local perforator group and 2.94 months in the free 
perforator group (ranging from 2 to 4 months). All lo-
cal perforator flaps and nine free perforator flaps were 
performed under spinal anesthesia; remaining surger-
ies were conducted under general anesthesia

Discussion
Traditionally, free flaps have been the workhorse 

reconstruction choice for complex distal lower extremi-
ty defects.  Following introduction, perforator free flaps 
have gained widespread popularity over traditional free 
flaps in microsurgical lower extremity reconstructions. 
These flaps are based on one or more reliable muscu-
locutaneous or septocutaneous perforating branches 
of an underlying named artery. Perforator free flaps 
have surpassed traditional flaps as a result of many ad-
vantages, including long vascular pedicle, customized 
thickness and volume, and lower donor-site morbidity. 
However, all free flaps have certain drawbacks, such as 
increased operative challenge, the need for microsurgi-
cal expertise, uncertainty of available recipient vessels, 
long operation times, and difficult follow-up period  
[8]. Even if complication rates are reasonable, total 
flap loss is also an important issue that needs to be ad-
dressed. To ensure success, intensive care monitoring 
is often required. Free-tissue transfer may be hard to 
perform outside  a tertiary care center,  therefore many 
patients are often transferred to larger, better-equipped 
facilities solely for free-tissue transfer [9].

Concerning the disadvantages addressed earlier, 
local perforator flaps have been proposed and have 
thus gained popularity as an alternative in flap recon-
struction of the lower extremity over the last decade. 
These flaps are used generally as propeller flaps which, 

according to Tokyo consensus, is a perforator flap with 
a skin island made of two paddles, one larger and one 
smaller, separated by the nourishing perforating vessel 
that corresponds to the pivot point [10].

These flaps provide reliable blood supply and ade-
quate soft tissue and spare major vessels and muscles as 
well as avoid microvascular anastomosis. Furthermore, 
these local perforator flaps engender the most suitable 
characteristics of skin texture and thickness for like re-
construction and prevents debulking and thinning pro-
cedures. Deterioration of another body site is prevent-
ed unless the donor  site  is  limited  to  the  same  area  
of  the  body  already  affected and  the  donor  site  itself  
is  partially  covered  by  the  flap [11].

Although harvesting of a perforator-based  flap  is 
more demanding than random alternatives, through  
direct  visualization  of  the  vessels,  the  surgeon  can 
choose  the  pedicle  with  the  best  traits,  both  for  
position and  caliber,  therefore  increasing  the  poten-
tial  of  a  successful reconstruction. According to the 
literature, the dissection plane is usually subfascial but 
cutaneous, adipose or adipofacial variants have been 
used favorably [12]. We have always employed subfas-
cial planes for flap harvesting because in lower extrem-
ity reconstructions, bulkiness of the flap is not usually 
an important matter, and, as well, identification and 
dissection of the pedicle is relatively easy and advanta-
geous in the subfascial plane.

Although large defects are documented to be ad-
dressed with propeller flaps, generally these flaps are 
used for reconstruction of small- to medium-sized de-
fects [13]. In our practice, we also used these flap in 
small- to medium-sized defects. In this study, the largest 
defect reconstructed with a local propeller was 10x10 
cm and to gain homogeneity, defects greater than this 
reconstructed with free flaps were not included in the 
study. In the literature, generally between 10-50 cm2 de-
fects are reconstructed with local propeller perforators 
during distal lower extremity reconstructions. We be-
lieve that when required, larger defects sizes up to 200 
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cm2 can be reconstructed with local propeller flaps if 
appropriate perforators are present.

Types of complications reported in the literature 
are partial and total flap loss, epidermal necrosis, tran-
sient venous congestion, infection, hematoma, and 
wound dehiscence. Partial flap necrosis is the most 
common complication reported and 10.2% rates have 
been reported by Bekara et al. in a recent outcomes 
study [14]. Total flap loss in local perforator flaps have 
been reported as 3.5% in a retrospective study by Fis-
cher et al., and it was also demonstrated that total ne-
crosis was present in 5.9% of complex reconstructions 
of the lower limb using free flaps [15].

Concerning complication rates of the flaps, there 
were no statistically significant differences between 
groups, and even though there were more venous prob-
lems in the pedicled flap group, reoperation rates was 
similar. Venous congestion is the most frequent compli-
cation of propeller flaps because veins are more prone 
to torsion than arteries. Venous insufficiency should be 
distinguished from the temporary congestion that often 
characterizes perforator flaps and fades with stabilization 
of flow [16]. Venous problems are especially evident in 
flaps requiring more than 120 degrees of rotation, there-
fore in these flaps, extending the pedicle dissection as 
far as possible is necessary with superb follow-up and 
leech therapy is valuable. The main reason behind this 
venous congestion was thought to be the compression 
of venae comitantes around the pedicle. Experimental 
studies  have  demonstrated  that  the  length of a vessel 
[l] is inversely proportional to the  critical angle of twist-
ing (Δt): Δt = [l × (1/Δt )] [17,18].

Donor-site healing problems occurred in one sub-
ject within the local propeller flap group, so the defect 
was reoperated on and graft application performed af-
ter vacuum assisted closure (VAC) therapy. We believe 
that this is a major disadvantage of local perforator flaps 
and it can be prevented with preservation of the fascia 
in the distal part if possible.

Operation time and hospital stay significantly de-

creased in the local propeller flap group and these are 
among the main advantages of these flaps. Local pro-
pellar flaps can be applied to suitable defects in small 
facilities with less microsurgical expertise in terms of 
lacking the need for microanostomosis. One other 
advantage is that only one surgical team is needed in 
local perforator reconstruction in contrast to free flap 
reconstruction, which necessitates two separate teams 
for the donor and recipient sites. Referral of patients 
with small- to medium-sized defects of distal lower ex-
tremity reconstruction requiring flap coverage can be 
prevented with wide application and acceptance of lo-
cal perforator flaps. We assume that local perforator op-
erations are also significantly more cost-effective versus 
free flaps which by and large require long periods of in-
tensive care and hospital stays.

Selection of the suitable perforator is of prime 
importance; although local propeller flaps can be har-
vested under tourniquet control after identification of 
the pedicle, we released the tourniquet and checked 
for visible pulsation, an important hallmark of perfo-
rator adequacy. If a tourniquet is to be used, we advise 
application without exanquisation, and this facilitates 
detection of sizeable perforators. Even for the inexperi-
enced surgeon, identification, selection, and dissection 
of suitable local perforators is not too arduous, and we 
believe that the learning curve for application of free 
perforator flaps is much more demanding than that for 
local perforator flaps. 

The literature shows that the success rate for locat-
ing perforating vessels with Doppler imaging is approx-
imately 80% [19]. After pre-operative Doppler exam-
ination of audible perforators is performed, the flap is 
planned and marked according to requirements. Before 
elevation of local perforator flaps, making the medial 
incision and searching for a sizeable perforator is very 
critical because dominant perforators can be too prox-
imal or absent, and in these cases, conversion to a free 
flap may be necessary. We did not perform pre-opera-
tive CTA to detect perforators, although there are cer-
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tain studies in the literature that indicate this modality 
has particular advantages [20].

Recently, there have been numerous studies on the 
reconstruction of traumatic lower extremity wounds 
with propeller flaps. However, though free flaps have 
been used to cover these types of defects with proven 
success, there is no evidence in the literature that com-
pares free flaps to propeller flaps for the lower extremity 
reconstruction. In this retrospective study, we sought 
to do this specifically.

The retrospective design and small sample size 
were the main limitations of our study. Yet, we believe 
that our 28 patient series is sufficient regarding the lim-
ited literature sample sizes. Underlying fracture, pathol-
ogy, and orthopedic intervention may be of importance 
in the success of these operations that are not validated. 
Even though patients with comorbidities and distal cir-
culation problems have not been included, applicabili-
ty of these flaps in this struggling patient population is 
still to be determined.

Conclusion
All in all, we contend that local propeller perfo-

rator flaps are as reliable as free perforator flaps in re-
construction of moderate- to small-sized defects of 
the lower extremity. Concerning the many advantages, 
like decreased operative time, not needing to perform 
microanastomosis, reconstruction with like tissues, 
avoidance of another distant donor-site scar, and sac-
rification of major limb arteries, we suggest propel-
ler perforator flaps be the prioritized reconstructive 
choice. These flaps can be employed successfully by re-
constructive surgeons in small clinics and they prevent 
unnecessary tertiary medical center referrals as well as 
extended hospitalization, long operation times, and in-
creased costs.
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