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Summary Background: Necrosis of propeller flaps is a problem in clinical practice. This study 
was performed to investigate the effects of pedicle torsion on dynamic perforasome survival 
using a multiterritory perforator flap model in rats. 
Methods: Intercostal artery perforator flaps (IC flaps) containing two adjacent dynamic per- 
forasomes were applied to both sides of the dorsum in 15 rats. The IC vessels were dissected 
carefully under 10 ×magnification. A 360 ° arc of pedicle torsion was applied to the right IC 
flaps, which comprised the rotary group. Left IC flaps were used as controls. Flap perfusion, 
viability, and angiography were compared between the two groups. 
Results: Sodium fluorescein angiography showed that there was blood supply to the flap in 
both groups on postoperative day (POD) 1, and laser Doppler images indicated that flap per- 
fusion increased daily after surgery. The differences in perfusion of dynamic perforasomes be- 
tween the two groups were not significant. The mean survival rate of the rotary group was 
not significantly different from that of the control group (98.94 ± 1.24% versus 99.03 ± 1.86%, 
respectively, p > 0.05) on POD 7. Angiography showed that dilated choke vessels connected the 
three perforasomes in both groups. 
Conclusions: The 360 ° arc of pedicle torsion had no detrimental effect on dynamic perforasome 
perfusion or survival in a multiterritory perforator flap model after meticulous surgical dissec- 
tion of the pedicle in this study. The dilated choke vessel connected adjacent perforasomes, 
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and the dynamic perforasome survival still adhered to the perforasome theory after pedicle 
torsion. 
© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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Figure 1 Intercostal artery perforator flaps in rats. (A) Thora- 
codorsal (TD) vessels, intercostal (IC) vessels, and deep circum- 
flex iliac (DCI) vessels. The choke vessel zone between two per- 
forasomes. (B) View of IC immediately after dissection. Based 
on IC, the IC perforasome is an anatomical perforasome, and 
the TD and DCI are dynamic perforasomes. 
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ased on perforasome theory and greater knowledge of the 
utaneous vasculature network, 1,2 an increasing number of 
urgeons are now utilizing perforator flaps. Depending on 
he type of skin defect, a perforator flap can be used as a
ree or local flap. 3,4 The perforator propeller flap is a type
f local flap used to cover a skin defect by flap rotation. 5 

owever, propeller flap necrosis, usually partial, remains an 
nresolved problem in clinical practice. Some authors sug- 
ested that the risk of flap necrosis increased gradually as 
he degree of pedicle torsion increased, 6,7 but others sug- 
ested that torsion had no effect on vascular patency, and 
hat torsion of less than 360 ° had no effect on flap sur-
ival. 8–11 Although some authors demonstrated that torsion 
f 360 ° did not affect perforator flap viability, 12–14 they in-
luded only one perforasome in their flap models. Larger 
kin defects caused by severe trauma may require larger 
aps, which often include the adjacent perforasomes. 
Based on the perforasome theory, the perforasomes 

f a multiterritory perforator flap can be divided into 
hree types: anatomical, dynamic, and potential per- 
orasomes. 2,15 Some authors reported that contiguous 
erforasomes were usually connected by choke vessels. 16 

ecause of the balanced pressure between contiguous 
erforasomes, blood cannot flow through the choke vessel. 
hus, the choke vessel is a reduced caliber, resistant ves- 
el. 16,17 After flap elevation, choke vessels will gradually 
ilate and remodel into true anastomoses with no changes 
n caliber according to activation of fluid stress. The dilated
hoke vessel allows survival of the dynamic perforasome. 18 

here have been no related studies regarding whether 
ynamic perforasome survival is affected by the combined 
ffects of pedicle torsion and a resistant choke vessel in a
ultiterritory perforator flap. 
Therefore, this study was designed to investigate the ef- 

ects of pedicle torsion on dynamic perforasome perfusion 
nd survival using a multiterritory perforator flap model in 
he rat dorsum. 

aterials and methods 

nimals and flap model 

 total of 15 Sprague-Dawley rats (250–300 g each) were 
urchased from the Experimental Animal Center of Wen- 
hou Medical University, China (License No. SCXK [ZJ] 2005–
019). The rats were treated according to the Guide for
are and Use of Laboratory Animals of the National Insti-
utes of Health of China, and the experimental protocol 
as approved by the Institutional Review Board of Wen- 
hou Medical University (No. wydw2014-0015). All rats were 
oused in separate cages and supplied with rat food and tap

ater. r
Rats were anesthetized by administration of 3% sodium 

entobarbital (60 mg/kg) and additional doses were used 
hen necessary. Dorsal fur was removed using an electric
haver and depilatory agent, and all surgeries were per-
ormed under sterile conditions. In this study, the designed 
ntercostal artery perforator flap (IC flap) model was based 
n the IC vessels, extended cranially to the thoracodorsal
TD) vessels and caudally to the deep circumflex iliac (DCI)
essels, and was standardized by bony landmarks on the
at dorsum. 19 The IC vessels were dissected carefully un-
er 10 ×magnification of the area between the penetrating
oints in the deep fascia and panniculus carnosus, to ensure
hat the fascia did not cause external compression of the IC
essels after flap rotation ( Figure 1 ). In each rat, the right IC
ap was rotated clockwise by 360 ° and comprised the rotary
roup. The left IC flaps constituted the control group. The
enetrating points of the TD, IC, DCI, and choke vessel zones
ere identified through transillumination, and the length of 
he IC pedicle was measured. The flaps were then sutured
ack into their original sites using 4–0 silk. Over the course
f 3 postoperative days (PODs), 100,000 units of penicillin
 were administered intramuscularly to prevent infection, 
nd a fentanyl patch (75 μg/hour) was used for pain relief. 

odium fluorescein angiography 

nder anesthesia, 10% sodium fluorescein (1.0 mL) was in-
ected into the external jugular vein through a silicone rub-
er catheter in three rats on POD 1. A camera was used to
ecord blood flow under a Wood’s lamp. 
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Figure 2 Blood perfusion evaluation in the control and rotary groups. (A) Ten seconds after injection of sodium fluorescein on POD 
1. (B) Final fluorescein staining on POD 1. (C) Full-field laser perfusion images on POD 1 (red denotes high perfusion, blue denotes 
low perfusion). (D) Full-field laser perfusion images on POD 7. Scale bar represents the color for the perfusion value. DCI, deep 
circumflex iliac vessels; IC, intercostal vessels; TD, thoracodorsal vessels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flap perfusion laser Doppler imaging 

On PODs 1, 3, 5, and 7, full-field laser perfusion images
were measured under anesthesia in a warm and quiet
environment using a laser Doppler instrument (Moor In-
struments, Axminster, UK), as described previously. 20 The
perfusion images were processed to provide a color-coded
live flux image. Blood flow in perfusion units (pu) was
measured at the central area of each perforasome (n = 6).
Each measurement was repeated three times and the mean
value was used. The observer, who measured the blood
flow, was blinded to the purpose of the study. 

Estimation of flap survival 

Flap viability was evaluated on POD 7 using a digital camera.
Image-Pro Plus imaging software (ver. 6.0; Media Cybernet-
ics, Rockville, MD, USA) was used to determine the survival
area. Survival was measured as a percentage of the total
flap area. 

Lead oxide-gelatin angiography 

Six rats underwent whole-body angiography. The contrast
agent (50 mL/kg), which included gelatin, lead oxide, and
water, was perfused into the common carotid artery through
a silicone rubber catheter on POD 7. After 24 hours of fix-
ation, the flaps were obtained and radiographed (54 kVp,
40 mA, 100 s exposure) using a soft X-ray machine. 

Statistical analyses 

All data are presented as means ± standard deviation. The
data from the two groups were compared using Student’s
t - test and one-way repeated measures analysis of vari-
ance. Statistical significance was established at p < 0.05
(two-tailed). SPSS software (ver. 19.0; SPSS Inc., Chicago,
IL, USA) was used for the statistical analyses. 

Results 

Flap perfusion 

On POD 1, fluorescein staining showed that all three per-
forasomes had a blood supply in both the rotary and con-
trol groups, and that the blood flowed gently from the IC
to TD and DCI ( Figure 2 A and 2 B). Laser perfusion images
are presented in Figure 2 C and 2 D (red denotes high perfu-
sion and blue denotes low perfusion). In both groups, per-
fusion of the IC perforasome showed a continuous growth
increase that peaked on POD 7 ( Figure 3 A). Perfusion of the
TD and DCI perforasomes in the rotary and control groups in-
creased markedly on PODs 1–3, and these increasing trends
were maintained until POD 7 ( Figure 3 B and 3 C). There
were no significant differences in perfusion of the TD, IC,
and DCI between the rotary group and their counterparts
in the control group (all p > 0.05). On POD 7, the level of
blood perfusion at the TD (rotary: 355.49 ± 4.04 pu; control:
356.72 ± 5.6 pu) and DCI (rotary: 358.86 ± 11.8 pu; control:
357.42 ± 9.96 pu) reached the levels recorded at the IC on
POD 1 (rotary: 364.63 ± 12.64 pu; control: 363.78 ± 14.24
pu) (all p > 0.05). 

Flap survival and angiography 

All rats survived until the end of the experiment without any
postoperative infection, and regions of survival and necrosis
were clearly demarcated in each group. The survival rate of
the rotary group was not significantly different from that
of the control group (98.94 ± 1.24% versus 99.03 ± 1.86%,
p > 0.05) ( Figure 4 A and 4 B). A total of three rotary flaps
and two control flaps developed peripheral flap necrosis.
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Figure 3 Comparison of perfusion in the control group versus the rotary group. (A) Comparison of perfusion of the intercostal 
(IC) perforasome in the two groups. (B) Comparison of perfusion of the thoracodorsal (TD) perforasome in the two groups. (C) 
Comparison of perfusion of the deep circumflex iliac (DCI) perforasome in the two groups. The differences in perfusion between the 
control group and the rotary group were not significant (all p > 0.05). Perfusion increased daily after surgery in each perforasome 
(all p < 0.05). POD, postoperative day. n = 6 per group. 

Figure 4 Flap viability and angiography in the control and rotary groups. (A) Histogram of survival rates in the control 
(99.03 ± 1.86%) and rotary group (98.94 ± 1.24%). n = 6 per group. (B) Digital photographs showing the postoperative flaps of the 
control and rotary groups on postoperative day (POD) 7. (C) Contrast angiography on POD 7. White arrows indicate dilated choke 
vessel. DCI, deep circumflex iliac vessels; IC, intercostal vessels; TD. Thoracodorsal vessels. 
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Angiography showed that the whole vasculature was filled
with contrast agent in the rotary and control groups, except
for the necrotic area. Dilated choke vessels connected the
three perforasomes ( Figure 4 C). The IC vessels had a length
of approximately 24.1–32 mm, which did not affect the dy-
namic perforasome survival rate after 360 ° pedicle torsion. 

Discussion 

The term ‘perforator flap’ refers to a flap that is based on
a cutaneous perforator with a caliber of 0.5 mm or greater.
Blood can flow from the anatomical to the dynamic perfora-
some through the dilated choke vessel, thus allowing the
dynamic perforasome to survive and necrosis to occur in
the potential perforasome. 21–23 Because of greater knowl-
edge regarding their survival mechanism, perforator flaps
can now be used as free or local flaps. In addition, these
flaps can be made into thin or composite flaps using muscle
and bone. 24,25 

The conventional propeller flap is based on a perforator
that is located close to the skin defect. It can cover the skin
defect by a degree of rotation and allow quick recovery,
good esthetic outcomes, and reduced cost. 26 Although the
perforator propeller flap is widely used, there is debate
regarding the effect of pedicle torsion on flap survival.
This study was performed to assess the effects of pedicle
torsion on dynamic perforasome survival in a multiterritory
perforator flap model. We used an IC flap with two dynamic
perforasomes to model a propeller flap. In clinical practice,
the normal maximum arc of rotation is 180 ° clockwise or
counterclockwise. 7,10 , 27,28 We applied a rotation of 360 °
because the tolerable arc of rotation varied among previous
studies. 6–11 , 29 Thus, we speculated that a rotation of 360 °
would have no effect on dynamic perforasome survival. It is
unnecessary to perform 360 ° rotation in clinical practice. 

Our results showed that the mean flap survival rate after
rotation of 360 ° was not significantly different from that in
the control group, and peripheral flap necrosis developed in
both groups. Therefore, we inferred that pedicle torsion of
360 ° did not have any effect on dynamic perforasome sur-
vival or choke vessel dilation. Angiography showed a visible
vasculature network in the flap with dilated choke vessels
connecting the three perforasomes. 

We found that perfusion of each perforasome increased
postoperatively in both groups. After surgery, the IC had
to support two extra dynamic perforasomes. The increased
perfusion may result from tissue load. 30,31 On POD 7, per-
fusion of the TD and DCI reached the level of the IC on POD
1. This increased perfusion may have been due to blood
restoration in the TD and DCI. Consistent with a previous
report by Dhar and Taylor, 16 the caliber of the choke vessel
increased markedly for a total of three PODs, and our
results showed that the perfusion increased substantially
during the same period in the TD and DCI perforasomes.
On the basis of adjacent perforasome survival, the in-
creased caliber of the choke vessel inevitably resulted
in enhancement of perfusion. There were no significant
differences in perfusion of each perforasome in the ro-
tary group compared to their counterparts in the control
group. This further demonstrated that a pedicle torsion
of 360 ° had no effect on blood supply to the dynamic
perforasome. 

Our study emphasized that the pedicle should be dis-
sected carefully because the torsional force was distributed
along the entire length of the dissected vessel. 8,32 If care
is not taken, the external tension from the fascia would
lead to vascular closure in the pedicle. Moreover, the length
of the pedicle would also affect the result of torsion, as a
greater torsional force would be transmitted to a shorter
pedicle. 8,14 In an experimental study conducted by Gokrem
et al. 12 the pedicle length was 10 mm and torsion of 360 °
had no effect on the viability of the flaps containing one
anatomical perforasome, while Bektas et al. 13 reported that
torsion of 360 ° affected flap survival using a small pedicle of
the same length. Thus, the effect of torsion on flap viability
may not be due only to the degree of torsion. 33,34 

In clinical practice, necrosis sometimes occurs in pro-
peller flaps and the complication rate has not improved
over the last several years. 7,10 , 26,35 Although the tolerable
arc of torsion varied among studies, several clinical and
experimental studies indicated that pedicle torsion of
180 ° had no effect on flap viability. 10,13 , 35–37 Our results
showed that peripheral flap necrosis also developed in the
dynamic perforasome boundary of the two groups. Based
on the perforasome theory introduced by Taylor et al., 38 

necrosis always occurs in the adjacent vascular perfora-
some boundary. Therefore, we speculated that the partially
necrotic area may belong to the potential perforasome.
Excessive torsion resulted in vessel closure and tension
arising from the fascia traction rendered the vessel more
vulnerable to torsion. 39 Thus, we performed meticulous
surgical dissection, and the dynamic perforasome survival
was not influenced by torsion of 360 °. 

Using meticulous surgical dissection, a torsion of 360 °
distributed the torsional force along the pedicle and did
not affect dynamic perforasome perfusion or survival in our
multiterritory perforator flap model. The design of the pro-
peller flap should adhere to the perforasome theory that the
dynamic perforasome should survive, and necrosis occurs in
the potential perforasome because of choke vessels. Further
investigations are required to determine the relationships
between dynamic perforasome survival and the combined
effects of different degrees of pedicle torsion, pedicle di-
ameters, and pedicle lengths. 
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