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Reconstruction of thumb defects with medial sural artery
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Background: Digital defect is one of the most common types of emergency hand injuries. Plastic
surgeons continue to search for a better method to repair digital defects, especially those of the thumb. The
medial sural artery perforator (MSAP) flap has been widely used as a popular method for limb and head
reconstruction. Our findings have led us to advocate the use of free medial sural artery perforator flap to
repair large thumb defects.

Methods: From July 2010 to July 2013, we used free MSAP flaps to resurface large defects of 9 thumbs
in 9 clinical cases. There were 6 men and 3 women among the participants, aged 21-49 years (average age:
37.6 years). Flap sizes varied from 2 cm x 3 c¢m to 3 cm x 6 cm. Perforators of all flaps were accurately
located by color Doppler detection.

Results: According to color Doppler detection, the distance from the popliteal crease to the points where
first/second perforator pierced the deep fascia was 10.1+1.1/15.2+0.8 cm. The distance from the midline to
the first/second perforator was 2.8+0.8/3.5+0.5 cm. A total of nine flaps fully survived. All defects of the nine
thumbs were adequately resurfaced. Postoperative follow-up conducted at 12-24 months revealed satisfaction
in both cosmetic and function results.

Conclusions: The MSAP flap, which can be easily harvested and well thinned, is an ideal choice to repair

thumb defects. Accurate location of the perforator by Doppler detection ensures the surgical success, and

minimizes injury to the donor site.
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Introduction

Digital defect is one of the most common types of
emergency hand injuries. When the defects are too large to
be reconstructed by local flaps, there is a preference to use
free flaps. Lai ez 4l. (1) suggested using free tissue transfer to
repair a distal third or distal half of thumb defects to create
a sensate and durable resurfacing. To decrease damage
to the donor site, various free perforator flaps have been
widely initiated to repair digital defects in recent years (2-6).
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The common disadvantage of these methods, which may
cause both function and cosmetic problems, is that the
donor sites of these flaps locate in the upper extremities.

The medial sural artery perforator (MSAP) flap has
been widely used as a popular method for limb and head
reconstruction, the donor site of which lies in medial calf
(7-17). The advantages of this method include minimal
destruction of function, less morbidity, primary closure
without skin graft of donor site, and a discreet scar leading
to satisfactory contours.
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Figure 1 Position and marking for the MSAP flap. Line A: drawn
from the midpoint of the popliteal crease to the midpoint of the
medial malleolus. Line B: the posterior midline drawn from the
midpoint of the popliteal crease to the Achilles tendon. MSAP,

medial sural artery perforator.

The medial sural artery originates from the popliteal
vessels, descends inside the medial gastrocnemius muscle,
and runs along an imaginary line connecting the midpoint
of the popliteal crease and that of the medial malleolus.
Numerous muscular nutrition arteries branch from the
medial sural artery along its course. There are usually two
important fasciocutaneous perforators that are suitable as
pedicles of free flaps to be found. The average distance from
the midpoint of the popliteal crease to the first and second
perforators is about 10 and 16 c¢m, respectively. The average
diameter of the arteries is about 1-2 mm, and the diameter
of the accompanying veins adequate for venous drainage in
the MSAP flap is even larger (7,9,11).

Currently, we are unaware of any documentation of the
clinical application of MSAP for reconstruction of digital
defects. Therefore, we composed this article to share the
technique of perforator detection using color Doppler, and
our experience with reconstruction of digital defects using
the MSAP free flap in 9 cases.

We present the following article in accordance with the
AME Case Series reporting checklist (available at http://
dx.doi.org/10.21037/atm-21-526).

Methods

Between July 2010 and July 2013, 9 patients with 9 MSAP
free flaps were treated for reconstruction of large thumb
defects. There were 6 men and 3 women among the
participants, aged 21-49 years (average age: 37.6 years).
The size of the wound with deep tissue exposure caused by
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heavy weight extrusion and sharp instrument cutting varied
from2 cm x 3 cm to 3 cm x 6 cm.

The participant was placed in a supine position, with the
donor leg flexed into a 90 ° angle and externally rotated.
Line A was drawn from the midpoint of the popliteal crease
to the midpoint of the medial malleolus. Line B was the
posterior midline, drawn from the midpoint of the popliteal
crease to the Achilles tendon. The points where the
perforator pierced fascia were marked between the two lines
(Figure I).

Due to the flap being small, the position of the
perforator had to be located accurately. Therefore, color
Doppler imaging was used to detect the actual position of
the perforator. The detection was conducted between Line
A and Line B. The blood signal and waveform of the vessels
were observed to confirm the artery, and both perforators
were found in all 9 cases using this technique. Surface marks
were made at the point where perforators pierced the deep
fascia according to the color Doppler imaging (Figure 2).
We usually chose the second perforator as the single
pedicle of the flap to gain an adequate length of the vascular
pedicle.

Thorough debridement and exploration were carried out
at the trauma site. Proper branches of the radial artery and
cephalic vein were separated in nasopharyngeal fossa.

With a medial incision, the second perforator was explored
and then the flap was designed according to position of the
perforator, locating the vascular pedicle on the distal side
of the flap. The vascular pedicle was completely separated
from the surrounding muscle during the course, and then
disconnected at the root to gain an adequate length. The
whole flap was elevated and totally defatted after the vascular
pedicle was separated, and was transferred to the thumb
defect location for vascular pedicle anastomosis. The donor
site was primarily closed without any skin graft.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the Ethics Committee of The First Affiliated Hospital,
Zhejiang University School of Medicine (No.: 2021-I'T175)

and informed consent was taken from all the patients.

Results

According to color Doppler detection, the distance from the
popliteal crease to the points where first perforator pierced
the deep fascia was 10.1£1.1 cm, and was 15.2+0.8 cm to the
points where the second perforator pierced the deep fascia.
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Figure 2 Actual position and flow parameters of the perforator detected by color Doppler. (A) Blood flow spectrum of the perforator artery;

(B) blood flow spectrum of the perforator vein.

Table 1 Flap characteristics in participants undergoing MSAP flaps

Flap size  ML-1st/2nd P PC-1st/2nd P

SPV 1st/2nd P

Diameter 1st/2nd P

Gender Age (cm) (cm) (cm) (cm/s) Rl 1st/2nd P (mm) Follow-up (cm)
M 21 3x6 4.2/2.8 11.2/16 7.1/8.2 0.56/0.62 0.9/1.2 18
M 35 3x5 4.5/2.2 10.8/15.8 8.4/13.6 0.67/0.72 0.8/1.0 18
F 42 3x4 3.2/2 9.0/14 9.5/8.6 0.42/0.54 0.8/0.9 24
M 44 2x3 3.8/2.2 10/15.2 8.2/6 0.73/0.74 1.01.2 18
F 38 2x4 3.6/2.4 9.2/14.4 8.2/7.6 0.52/0.48 0.8/0.8 18
M 49 3x6 4.6/3.2 11/15.6 12.5/17 0.54/0.52 0.9/1.2 12
M 38 2x4 4.3/2.8 10.6/15 3.6/8.2 0.48/0.52 0.8/1.0 12
M 35 3x5 4.4/2.8 11.2/15.2 4.2/8.6 0.52/0.50 1.0/1.2 18
F 36 2x5 3.2/2 9.6/14.6 6.4/9.8 0.46/0.52 0.8/0.9 12
Average 37.6 - 4.0/2.5 10.3/15.1 7.1/6.5 0.54/0.57 0.87/1.0 17

ML-1st/2nd P: distance from the midline to the first/second perforator. PC-1st/2nd. P: distance from the popliteal crease to the first/
second perforator. SPV 1st/2nd P: systolic peak velocity of the first/second perforator artery. Rl 1st/2nd P: resistive index of the first/
second perforator artery. Diameter 1st/2nd P: vessel diameter of the first/second perforator artery. MSAP, medial sural artery perforator.

The distance from the midline to the first perforator was
2.840.8 cm, and was 3.5+0.5 cm to the second perforator
(Table 1). Intraoperative measurements showed that the
artery pedicles of the perforator were usually larger than
1.0 cm in diameter at its origin, and more than 10 cm in
length from the origin to the piercing point. Postoperative
follow-up over a period of 12-24 months revealed that all
9 flaps had totally survived with good quality and esthetic
contours. The grasp function of the hand was satisfactory.
No secondary defat was needed. There were no complaints
of distal pain, hyperanaesthesia, or any other abnormal
sensation. Scarring on the donor site was not obvious. All
participants were satisfied with the therapeutic effects.
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Case 1

A 21-year-old man had his left thumb sharply cut by
a slicing machine 4 hours before presentation at our
department, resulting in a 6 cm x 3 cm defect of the finger
pulp. Upon ultrasonic examination, the second perforator
of the medial sural artery in the left leg was 1.1 c¢m in
diameter and 10 cm in length. A 3 cm x 6 cm MSAP flap
was designed according to the perforator. The flap was
transferred with a vascular pedicle anastomosis to repair
the thumb defect. The donor site was sutured without skin
grafting. The 18 month follow-up showed that the flap had

survived with a satisfactory contour (Figure 3).
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Figure 3 Thumb defect repaired by MSAP flap. (A) Left thumb cut by a machine resulting in a 6 cm x 3 c¢cm defect of the finger pulp; (B)

the second perforator of the medial sural artery in the left leg was 1.1 cm in diameter and 10 cm in length; (C) a 3 cm x 6 cm MSAP flap was

designed according to the perforator; (D) appearance of the flap 2 weeks post-operatively. MSAP, medial sural artery perforator.

Case 2

A 42-year-old woman had her left thumb extruded by
a textile machine 2 hours before presentation at our
department, resulting in a soft tissue avulsion in the distal
thumb. As her left calf had been previously injured in
a traffic accident, we chose the right calf as the donor
site. Upon ultrasonic examination, the second perforator
of the medial sural artery in the right leg was 1.0 cm in
diameter and 10 cm in length. A 3 cm x 4 cm MSAP flap
was designed according to the perforator. The flap was
transferred with a vascular pedicle anastomosis to repair
the thumb defect. The donor site was sutured without skin
grafting. The 24-month follow-up showed that the flap had
survived with a satisfactory contour (Figure 4).

Discussion

There are various methods to repair thumb defects such
as digital artery island flap, pedicle flap, and free flap.
Island flap, which can be considered a local flap, usually
causes scar contracture in the hand that sometimes leads
to unsatisfactory contour results and serious loss of activity

© Annals of Translational Medicine. All rights reserved.

function. Pedicled flap requires immobilization for several
weeks which is sometimes harmful to the function of
trapeziometacarpal joint. Free flap offers better cosmetic
results and less function loss, but it demands an experienced
microsurgical technique.

The key to the success of free flap transfer is a successful
anastomosis of small vessels. The bigger the diameter of
the perforator, the easier the anastomosis will be. Another
important factor is the location of the perforator, and an
accurate localization is necessary when the flap is rather small.

Recently, fingertip defect reconstruction with various
free perforator flaps has been widely reported. The pedicles
of free flaps based on perforators of the ulnar or radial
artery are usually short in length and small in diameter
(3-6), while the MSAP flap provides sizable perforators
with sufficient length and diameter (9,18). In our cases, we
found that diameter of the perforator artery was usually
larger than 1 cm at the origin of the pedicle, while the
diameter of the accompanying vein was even larger. The
adequate length of the pedicle accommodates completion of
a successful anastomosis far from the wound site.

Accurate localization of the perforator also plays an
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Figure 4 Thumb defect repaired by MSAP flap. (A) left thumb extruded by a textile machine resulting in a soft tissue avulsion in the distal

thumb; (B) the second perforator of the medial sural artery in the right leg was 1.0 cm in diameter and 10 cm in length; (C) the flap was

transferred with a vascular pedicle anastomosis to repair the thumb defect; (D) appearance of the flap 24 months post-operatively. MSAP,

medial sural artery perforator.

important role in the course of small flap harvest. Several
methods for localizing the perforator have been reported.
Kim et al. (11) suggested drawing a line from the midpoint
of the popliteal crease to the midpoint of the medial
malleolus. The first perforator is located 8 cm from the
midpoint of the popliteal crease within a distal half circle
drawn with a 2-cm radius. Kao et 4/. (9) recommended
plotting the perforators to a coordinate system with x
as the distance from the perforator perpendicular to the
popliteal crease and y as the distance from the perforator
perpendicular to the posterior calf midline.

According to our study, with the assistance of color
Doppler, we recommend drawing two lines. Line A was
drawn from the midpoint of the popliteal crease to the
midpoint of the medial malleolus. Line B was the posterior
midline drawn from the midpoint of the popliteal crease to
the Achilles tendon. The distance from the piercing point
of the perforator to the popliteal crease and to the posterior
midline was recorded. We found that all perforators were
located between these two lines.

© Annals of Translational Medicine. All rights reserved.

Conclusions

This study demonstrated that the MSAP flap, which can
be easily harvested and well thinned, is an ideal option to
repair large thumb defects. Color Doppler detection is a
noninvasive method which enables accurate localization
of the perforator. Accurate location of the MSAP by color
Doppler detection ensures surgical success, and minimizes
injury to the donor site.
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