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Free serratus anterior fascial flap combined with vascularized scapular bone
for reconstruction of dorsal hand and finger defects
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ABSTRACT
We present two cases of serratus anterior free fascial flap combined with vascularized scapular
bone graft for reconstruction of traumatized dorsal hand and phalangeal bone defects.
Composite flaps with single vascular pedicles allowed conservation of severely injured fingers
and provided good functional and cosmetic outcomes.
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Introduction

Tissue loss accompanied by bone defects of the finger
presents a challenging problem for reconstruction. As
skeletal reconstruction and soft-tissue coverage are
mandatory to salvage the finger, primary skin resurfac-
ing and staged bone graft are an option for treatment.
However, such methods occasionally prolong the treat-
ment period, and thus increase the risk of articular
contracture. For the reconstruction of dorsal finger
defects including phalangeal bone, well-vascularized
bone and thin, pliable soft tissues are ideal
materials from functional and cosmetic viewpoints.
Osteocutaneous flaps can provide both elements at
once, but sometimes require defatting procedures
afterward. We present a combined flap comprising ser-
ratus anterior fascia and scapular bone fulfilling these
demands with a single vascular pedicle and requires
no additional surgery (Figure 1).

Operative procedure

The flap is harvested from the contralateral, uninjured
side. The patient is placed in a semi-lateral position on
the affected side with the uninvolved arm elevated
and supported, and the injured hand is placed on the
hand table. A lazy zigzag incision is made from the
axillary fold to the level of the eighth or ninth rib and

the lateral and anterior margins of the latissimus dorsi
muscle are identified. The plane between the latissi-
mus dorsi and serratus anterior muscles is developed
to expose the vascular bundle and the long thoracic
nerve running along the surface of the serratus anter-
ior muscle. The areolar tissue must be kept with the
serratus muscle, not with the latissimus muscle.
Dissection of the thoracodorsal artery is continued in
retrograde fashion to its origin at the subscapular
bifurcation. The branch to the latissimus muscle is
encountered and ligated, and the angular branch is
dissected to the lateral border of the scapula, then
preserved. After the vascular pedicle is mobilized to
the required length, the serratus fascia and overlying
areolar tissue of the required size are lifted off the
muscle from ventrally to dorsally.

The long thoracic nerve is carefully separated from
the fascia, but the branches to the lower three muscle
strips are cut and elevated with fascia, because harvest
of the lower three strips of the serratus as a muscle
flap is allowed, to prevent scapular winging [1]. A seg-
ment of bone from the lateral border of the scapula,
depending on the recipient-site requirements, is out-
lined on the attached subscapularis muscle. Following
division of the muscle fibers along the marking in
order to expose the bone surface, osteotomies are per-
formed with an oscillating saw. Bone flap is harvested
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using a small muscle cuff containing the vasculature
to the bone.

The pedicle of the flap is anastomosed to the radial
artery in the region of the anatomical snuff box. The
vascularized bone is placed in the phalangeal defect
and fixed with surgical wire. The serratus fascia is
placed to cover the exposed bone and joint.

Split-thickness skin graft is performed simultaneously
without tie-over fixation.

Case reports

Case 1

A 53-year-old man had injured his right hand in a
motor vehicle crash, sustaining a composite wound
exclusively to the dorsal aspect of the distal hand and
the middle and ring fingers. More specifically, he suf-
fered a comminuted intra-articular fracture of the
proximal phalanx of the ring finger with a 6� 8-cm
overlying soft-tissue defect that also included the
distal hand and middle finger to the proximal inter-
phalangeal (PIP) joint level. The extensor tendon of
the ring finger was disrupted, but not lost (Figure 2).
The volar surface of the right hand remained intact.

The wound was temporarily covered with artificial
dermis and reconstruction was performed 14 days
after injury. After surgical debridement, an 8� 8-cm
area of serratus fascia and a block of bone measuring
3� 1�0.5 cm from the scapula on the angular branch
of the thoracodorsal artery were harvested concomi-
tantly (Figure 3). The angular branch arose from the
serratus anterior pedicle of the thoracodorsal artery
and the length of the pedicle dissected to the bifurca-
tion of the subscapular artery was 8 cm. After setting
the harvested bone block in the defect and suturing
the disrupted tendon, a fascial flap was placed over
the wound. A split-thickness skin graft from the ipsilat-
eral chest wall in the same operative field was graftedFigure 1. Schematic drawing of the flap.

Figure 2. Case 1: right hand on initial presentation. (A) Dorsal view showing the skin defect. (B) X-ray revealing a comminuted
fracture of the ring proximal phalanx.
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on the fascial flap. In the anatomical snuff box, the
artery of the flap was anastomosed to the radial artery
and the vein of the flap was anastomosed to the
cephalic vein in end-to-end fashion.

The defect was reconstructed with good contours,
whereas the joints of the ring finger were stiff. Six
months postoperatively, the metacarpophalangeal
(MP) joint had stiffened in 40� of flexion, and the PIP
and distal interphalangeal (DIP) joints had stiffened
straight. Grip strength was 11 kg for the right hand
and 53 kg for the left, unaffected hand. However, since
the stiffened fingers did not impede pinching or
grasping, the patient required no additional surgery to
improve range of motion of the ring finger (Figure 4).

Case 2

A 36-year-old man had injured the left index finger in
an industrial accident, resulting in a composite tissue
problem. He suffered extensive comminution of the
proximal and middle phalanges with bone loss and
obliteration of the PIP joint. In addition, the overlying
extensor mechanism and skin were not salvageable.
Fortunately, the flexor tendons, neurovascular bundles
and distal phalanx were relatively spared (Figure 5).
K-wire interosseous pinning was performed to prevent
shortening of the finger due to wound contraction,
and the soft-tissue defect was temporarily replaced by
artificial dermis the same day (Figure 6).

Figure 3. Intraoperative findings in case 1. (A) Harvested flap comprising serratus anterior fascia and scapular bone vascularized
with thoracodorsal artery. White arrowhead indicates the fascial component, and black arrowhead indicates the bone segment.
(B) Flap is set, with split-thickness skin graft performed simultaneously. (C) Immediate postoperative X-ray showing skeletal
reconstruction of the ring finger.
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Reconstructive surgery was performed 17 days after
injury. Following removal of the artificial dermis, a
6� 8-cm area of serratus fascia and scapular bone seg-
ment measuring 4� 1�0.7 cm was elevated with thor-
acodorsal artery. The angular branch arose from the
serratus anterior muscle branch of the thoracodorsal
artery. The bone block was interposed between rem-
nant bone fragments of the proximal and middle pha-
langes, all of which were firmly fixed with K-wire and
stainless-steel wire. Given the complexity of the injury,
a single block of bone was utilized to provide a solid
construct 1-cm shorter than the original length, to
allow the patient to perform a tripod pinch. The
exposed bones were covered with serratus fascia. The
flap was revascularized by end-to-end anastomosis of

the thoracodorsal artery to the radial artery, and the
thoracodorsal vein to the cephalic vein in the anatom-
ical snuff box. A split-thickness skin graft was concomi-
tantly applied over the serratus fascia without any
compression (Figure 7).

The postoperative course was uneventful. Although
the reconstructed finger became thinner than we had
expected and the PIP joint was lost, the patient
obtained a range of motion of 0/65� for the MP joint
(Figure 8). He returned to his original job 6 months
postoperatively, without difficulty. He always
attempted to use the salvaged finger in grasping or
pinching, but sometimes chose not to use the index
finger and substituted the middle finger instead out of
habit.

Figure 4. Appearance of case 1 at 8 months postoperatively. (A) Dorsal and volar view of the right hand. (B) Bone union shown
on X-ray. Frontal and lateral view.
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Discussion

As our two cases presented with segmental defects of
the phalangeal bone and overlying dorsal skin, skeletal
support and soft tissue for resurfacing were mandatory
to preserve the affected fingers. For bony reconstruc-
tion, vascularized bone graft was preferable to non-
vascularized bone graft for maintaining finger length
and strength, because of the high infection-resisting
capability resulting from the intrinsic blood supply [2],
and bone resorption was expected to be minimized.
Soft-tissue coverage over the bone graft must be thin
and pliable for cosmetic and functional reasons.

Osteocutaneous flaps offer a useful reconstructive
tool, such as free fibular osteocutaneous flap, scapular
or parascapular osteocutaneous flap, and lateral arm
osteocutaneous flap [3]. The wounds we treated did
not require long bone grafts and were not of a length
requiring fibular flap, and the lower legs of the two
patients were quite hairy, and not optimal for dorsal
skin resurfacing. In general, the skin paddle of the
scapular or parascapular flap is too thick for the dorsal
surfaces of fingers, and lateral arm flaps leave
unsightly scars on the upper arm that are readily vis-
ible when wearing a short-sleeved shirt. Moreover,
according to a retrospective review by Parrett et al.
[4], a fascial flap with skin graft is better than fasciocu-
taneous flap or muscle flap with skin graft in terms of
esthetic outcomes for dorsal hand reconstruction.
Referring to that study, we sought to identify the opti-
mum fascial flap that could be harvested in combin-
ation with vascularized bone.

In the category of fascial flaps, the temporoparietal
fascial flap offers the benefit of being a good tendon
gliding material while also providing dorsal hand

coverage [5,6], and can potentially form an osteofascial
flap when accompanied with calvarial bone [7].
However, harvesting the temporoparietal flap leaves
an unconcealable scar in some short-haired patients.

The serratus fascial flap was first described as a ten-
don gliding material for coverage of exposed flexor
tendons at the forearm or wrist level by Wintsch and
Helaly [8]. This flap has since seen frequent application
to dorsal hand coverage together with skin grafts
because of its thinness, long and constant vascular
pedicle, and low donor-site morbidity [9–14]. The
angular branch that nourishes the lower part of the
scapula in the present two cases arose from the serra-
tus anterior branch of the thoracodorsal artery.
According to Seneviratne et al. [15], the same branch-
ing pattern was observed in only 25% of dissections.
Branching from the latissimus dorsi muscle pedicle
was seen in more than half of their specimens.
However, Seitz et al. [16] noted that the angular
branch mostly arose from the serratus branch (48.5%
of their cadaver dissections). Either way, the independ-
ence of pedicles between fascia and bone facilitates
flap positioning.

As several authors have mentioned, meticulous
hemostasis is necessary when elevating the fascia from
the muscle because of the numerous arterial and ven-
ous branches entering the serratus muscle [9,11–14].
Seitz et al. [17] recommended using an ultrasonic
blade instead of bipolar coagulator in harvesting serra-
tus fascial flap. We used a Harmonic SYNERGY curved
blade (Ethicon Endo-Surgery, Cincinnati, OH) and con-
firmed its utility.

One drawback of the serratus fascial flap is the
absence of a monitoring skin paddle. The blood supply

Figure 5. Case 2: left index finger on initial presentation. (A) Dorsal view showing skin defect and open fracture. (B) Volar site of
the finger remains intact. (C) X-ray depicting comminuted fracture. Frontal and lateral view.
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to the skin overlying the serratus is provided by incon-
sistent perforators of the muscle, and more predomin-
antly by perforators of the lateral cutaneous branch of
the posterior sixth and seventh intercostal vessels [18].
We could not find any perforators from the serratus to
the overlying chest skin intraoperatively and realized
that attachment of a skin paddle to the fascia was not
feasible as a monitoring flap. Flap harvesting with a
small muscle cuff as a monitoring tissue might have
been a good choice.

We expected the serratus fascia to have played a
role as a gliding surface of the extensor in case 1, but
could not confirm this, because the function of the
involved joints was lost. However, a sufficiently thin
appearance of the finger was obtained without any
need for flap debulking.

Considering functional outcomes of the hand, pres-
ervation of a single impaired finger when the other
fingers are intact may be controversial. However, one
study concluded that revision amputation does not

Figure 6. First operation in case 2. (A) Wire fixation of the remnant bone pieces. Defect of the expansion hood is apparent.
(B) Original length of the index finger is preserved by wire fixation. (C) X-ray depicting bone defect. (D) Artificial dermis temporar-
ily applied to cover the wound.
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Figure 7. Second operation in case 2. (A) Intraoperative view of flap-harvesting procedure. White arrowhead indicates the fascial
flap. (B) General view of the flap. White arrowhead indicates the fascial component, and black arrowhead indicates the bone seg-
ment. (C) Transferred flap after microsurgery with immediate split-thickness skin grafting. (D) X-ray showing skeletal reconstruction
of the index finger with vascularized bone grafting fixed with surgical wire.

Figure 8. Appearance of case 2 at 7 months postoperatively. (A) General view of the left hand. The reconstructed finger has atro-
phied. (B) Shortening of the index finger allows tripod pinch. (C) X-ray revealing union of grafted bone.
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confer better functional results when compared to
replantation in single-digit flexor zone 2 amputation
[19]. In the present cases, rescue of the severely dam-
aged finger did not allow for full recovery of hand
function, but the restored hands proved useful in daily
living. The patients reported overall satisfaction with
both functional and cosmetic outcomes.

Disclosure statement

The authors report no conflicts of interest.

References

[1] Whitney TM, Buncke HJ, Alpert BS, et al. The serratus
anterior free-muscle flap: experience with 100 con-
secutive cases. Plast Reconstr Surg. 1990;86:481–490.

[2] Adani R, Delcroix L, Innocenti M, et al. Reconstruction
of large posttraumatic skeletal defects of the forearm
by a vascularized free fibular graft. Microsurgery.
2004;24:423–429.

[3] Kremer T, Bickert B, Germann G, et al. Outcome
assessment after reconstruction of complex defects of
the forearm and hand with osteocutaneous free flaps.
2006;118:443–454.

[4] Parrett BM, Bou-Merhi JS, Buntic RF, et al. Refining
outcomes in dorsal hand coverage: consideration of
aesthetics and donor-site morbidity. Plast Reconstr
Surg. 2010;126:1630–1630.

[5] Brent B, Upton J, Acland RD, et al. Experience with
the temporoparietal fascial free flap. Prast Reconstr
Surg. 1985;76:177–188.

[6] Hing DN, Buncke HJ, Alpert BS. Use of the temporo-
parietal free fascial flap in the upper extremity. Plast
Reconstr Surg. 1988;81:534–544.

[7] Davison SP, Mesbahi AN, Clemens MW, et al.
Vascularized calvarial bone flaps and midface recon-
struction. Plast Reconstr Surg. 2008;122:10e–18e.

[8] Wintsch K, Helaly P. Free flap of gliding tissue.
J Reconstr Microsurg. 1986;2:143–151.

[9] Meland BN, Weimar R. Microsurgical reconstruction:
experience with free fascia flaps. Ann Plast Surg.
1991;27:1–8.

[10] Schwabegger AH, Hussl H, Rainer C, et al. Clinical
experience and indications of the free serratus fascia
flap: a report of 21cases. Plast Reconstr Surg.
1998;102:1939–1946.

[11] Buehler MJ, Pacelli L, Wilson KM. Serratus fascia
“sandwich” free-tissue transfer for complex dorsal
hand and wrist avulsion injuries. J Reconstr Microsurg.
1999;15:315–320.

[12] Fassio E, Laulan J, Aboumoussa J, et al. Serratus anter-
ior free fascial flap for dorsal hand coverage. Ann
Plast Surg. 1999;43:77–82.

[13] Ulrich D, Fuchs P, Bozkurt A, et al. Free serratus anter-
ior fascia flap for reconstruction of hand and
finger defects. Arch Orthop Trauma Surg. 2010;130:
217–222.

[14] Fotopoulos P, Holmer P, Leicht P, et al. Dorsal hand
coverage with free serratus fascial flap. J Reconstr
Microsurg. 2003;19:555–559.

[15] Seneviratne S, Duong C, Taylor GI. The angular branch
of the thoracodorsal artery and its blood supply to
the inferior angle of the scapula: an anatomical study.
Prast Reconstr Surg. 1999;104:85–88.

[16] Seitz A, Papp S, Papp C, et al. The anatomy of the
angular branch of the thoracodorsal artery. Cells
Tissues Org. 1999;164:227–236.

[17] Seitz IA, Williams C, Schechter LS. Facilitating harvest
of the serratus fascial flap with ultrasonic dissection.
ePlasty. 2010;10:152–157.

[18] Palmer JH, Taylor GI. The vascular territories of
the anterior chest wall. Br J Plast Surg. 1986;39:
287–299.

[19] El-Diway M, Odobescu A, Belanger-Douet M, et al.
Replantan vs revision amputation in single digit zone
II amputations. J Plast Reconstr Aesthet. 2015;68:
859–863.

8 T. KITAZAWA ET AL.


	Free serratus anterior fascial flap combined with vascularized scapular bone for reconstruction of dorsal hand and finger defects
	Introduction
	Operative procedure
	Case reports
	Case 1
	Case 2

	Discussion
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


