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Abstract

Background: Platysma myocutaneous flap (PMF) is a generally used technique for defect reconstruction after an
oral cancer resection. The aim of the study is to present our experience using vertical PMF that sacrificed the facial
artery and vein for intraoral reconstruction.

Methods: A retrospective review of the medical records of 54 patients who underwent vertical PMF that sacrificed
the facial artery and vein for intraoral reconstruction was performed. A comparison between PMF that sacrificed
and that preserved the facial vessels was made, and we also compared PMF that sacrificed the facial vessels with
radial forearm free flap (RFFF). Statistics concerning the patients’ clinical factors were gathered.

Results: The mean age of the 54 patients who underwent PMF that sacrificed the facial artery and vein was 62.0 ±
10.98 years. The co-morbid disease rate of PMF was 53.7%. The flap size ranged from 12 × 5.5 cm to 7 × 5 cm.
Survival of the flap was found in all of the cases, with partial necrosis in four cases (7.4%) and total loss in none of
the cases. The operation time was 5.7 ± 1.17 h. The complication and success rates were 27.8% and 92.6%,
respectively. The 3-year and 5-year survival rates were 77.8% (21/27) and 69.23% (9/13), respectively. The
majority of the patients (87.0%) in our series were satisfied with the results of the surgery. There was no
significant difference between PMF that sacrificed or that preserved the facial vessels, both in success rate (P = 1) or
complication rate (P = 0.72). The patients in the PMF group were older than the patients in the RFFF group (P = 0.011),
the operation time was shorter (P < 0.001), and the co-morbid disease rate was higher (P = 0.002). Although the
complication rate of PMF (15/54, 27.8%) was higher than that of RFFF (2/34, 5.9%) (P = 0.011), their success rates were
similar (92.6%, 94.1%) (P = 1.00).

Conclusions: Vertical PMF that sacrifices the facial artery and vein has specific advantages including in ease
preparation and limitations. This technique may provide an effective method for intraoral reconstruction. Our
experience in handling the flap may contribute to the success rate.
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Background
To repair a defect after intraoral cancer excision, several
factors should be considered, such as the site and com-
plexity of the defect, the expertise of the surgeon, and
the need for coverage of the great vessels [1]. Although
numerous options can be used for reconstruction of the
head and neck, including primary closure, skin grafts,
pedicle flaps, healing by secondary intentions, and free
* Correspondence: changfusun@hotmail.com
1Department of Oromaxillofacial-Head and Neck Surgery, China Medical
University, 117 South Nanjing Street, Heping District, Shenyang 110002, China
2Department of Oral and Maxillofacial Surgery, School of Stomatology, China
Medical University, 117 South Nanjing Street, Heping District, Shenyang
110002, China

© 2013 Li et al.; licensee BioMed Central Ltd. T
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
flaps, all of these techniques have their limitations [2].
With the development of microsurgical techniques in re-
cent years, free flaps, such as radial forearm flaps,
latissimus dorsi flaps, and anterolateral thigh free flaps,
have a tendency to predominate intraoral reconstruction.
However, free flaps are not suitable for all patients
undergoing a surgical operation. The reconstruction
plan should be determined according to the patient’s
general body state, potential complications, socioeco-
nomic status, color, texture, and skin characteristics of
the flap with respect to the recipient region, whether
two operational sites are needed and the surgeon’s
microsurgical experience.
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Figure 1 Design of the platysma myocutaneous flap.

Figure 2 The flap was harvested using sharp dissection with a
surgical knife under the adipofascial tissue below the
platysmal plane.
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Platysma myocutaneous flap (PMF) is a satisfactory re-
constructive option for small- and medium-sized defects
in the oral cavity. This technique was first introduced in
the literature for intraoral reconstruction in 1978 [3].
Since then, PMF has been generally used for the recon-
struction of congenital abnormalities, traumatic injuries,
and, most commonly, malignancies of the head and neck
[4]. Three types of PMF have been described: transverse
flap, vertical flap that preserves the facial artery and vein,
and vertical flap that sacrifices the facial artery and vein.
Some authors have reported that vertical PMF without
the preservation of the facial vessels is unreliable [5].
In this article, we demonstrate an interesting result in

patients who underwent vertical PMF that sacrificed the
facial artery and vein for intraoral reconstruction.

Methods
Patients
We retrospectively reviewed the medical records of 54
patients who underwent vertical PMF reconstruction of an
intraoral defect after a primary tumor excision from January
2005 to September 2012 at the Department of Oral and
Maxillofacial Head and Neck Surgery, Department of Oral
and Maxillofacial Surgery, School of Stomatology, China
Medical University. Modified radical or selective neck
dissection was also performed on the patients. All 54 cases
were reconstructed with vertical flaps that sacrificed the
facial artery and vein. Tumor excision and defect recon-
struction were both performed by the same team. The age
and sex of the patients, location and size of the lesions, sur-
gical complications, and outcome were recorded. We
obtained the histological diagnoses from the resected speci-
mens. Postoperative death was defined as death before
being discharged from the hospital. A comparison be-
tween PMF that sacrificed the facial vessels and PMF
that preserved the facial vessels was made, and we also
compared PMF that sacrificed the facial vessels with
radial forearm free flap (RFFF). Informed consent, in-
cluding one item that patients are willing to dedicate all
the medical data (photos, medical records, specimens,
etc.) to medical research and academic exchanges, was
obtained from all of the patients involved in the research.
And approval was obtained from the ethics committee of
School of Stomatology, China Medical University.

Surgical technique
The size of the flap was designed according to the antici-
pated defect resulting from the excision of the primary
tumor (Figure 1). Vertical PMF was prepared and raised
in the ipsilateral neck of the defect to be repaired, and
the incision line was often connected with that of the
neck dissection. The flap pedicle was usually located
1.5 cm to 2 cm below the lower border of the mandible.
The aspect ratio of the pedicle was mostly 2:1. The flap
was harvested using sharp dissection with a surgical
knife under the adipofascial tissue below the platysmal
plane (Figure 2). Then, the neck dissection and tumor
resection were performed. The facial artery and vein
were all ligated in these cases (Figure 3). The pedicle
should not be compressed or turned around before ro-
tating and transporting it through a tunnel, which
should be sufficiently wide. The epidermis was removed
from the part of the flap located in the tunnel (Figure 4).
Due to the sufficient length, excessive stretching and su-
ture tension on the flap were avoided. When closing the
incision in layers, two suction catheters should be placed
for postoperative drainage.

Statistical analysis
The Student’s t-test and the χ2 test were used to study
the statistical difference of the variables. A P value <0.05
was considered significant. The evaluation of postopera-
tive function was performed according to the method
described by Hell et al. [6]. A score of 7 points was rated
as excellent, 6 and 5 points as good, 4 points as fair, and
<4 points was considered poor. For this reason, a patient



Figure 3 Neck dissection was completed with the facial artery
and vein ligated.

Table 1 Patients and tumor characteristics

Characteristics Patients (n,%)

Sex

Male 40 (74.1)

Female 14 (25.9)

Sex Ratio (male/female) 2.86

Age (years)

Median 62 ± 10.98

Range 38-80

Preoperative radiation therapy 1 (1.9)

Postoperative radiation therapy 12 (44.4)

Site

Buccal mucosa 9 (15.3)

Tongue 19 (32.2)

Alveolar ridge 6 (10.2)

Floor of mouth 22 (37.3)

Pharyngeal wall 2 (3.4)

Soft palate 1 (1.7)

T stage

T1-T2 34 (63.0)

T3 10 (18.5)

T4 10 (18.5)

Total patients 54 (100.0)

N stage

N0 44 (81.5)

N1 4 (7.4)

N2a 3 (5.6)

N2b 3 (5.6)

Total patients 54 (100.0)
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with a score >5 points was considered to show good res-
toration of tissue function.

Results
In our series, 54 patients received vertical PMF that
sacrificed the facial artery and vein reconstruction after
receiving treatment for an intraoral carcinoma. The
medical records of these patients were reviewed before sur-
gery. One of the patients had undergone preoperative
radiotherapy. Forty patients were men, and the male/female
ratio was 2.9/1. The patients were aged between 38 and
80 years (mean, 62.0 ± 10.98 years). The span of operation
time ranged from 2.50 h to 9.00 h (mean, 5.7 ± 1.17 h). The
stages of cancer reported for these patients ranged from
T1N0M0 to T4N2bM0 (Table 1). After tumor excision, the
size of the defects ranged from 3.5 × 3 cm to 6.5 × 5 cm.
For the vertical flaps, the maximum size was 12 × 5.5 cm
and the minimum was 7 × 5 cm. Most of the defects that
were reconstructed involved the tongue (32.2%) and the
floor of the mouth (37.3%). Final survival of the vertical
PMF that sacrificed the facial artery and vein was found in
all of the cases, with epidermal loss in 11 cases (20.4%) and
Figure 4 Before reconstructing the defect, the epidermis was
removed from part of the flap in the tunnel.
partial necrosis in four cases (7.4%); total loss did not occur
in our patients. The buccal mucosa (4.4%) and tongue
(43.5%) were the recipient sites with the lowest and the
highest risk of postoperative complications, respectively
(Table 2). Four patients developed multiple complications.
In the 50 cases with postoperative complications, six cases
had co-morbid disease, while in the 29 cases with co-
morbid disease, six cases had postoperative complications.
No relationship between the complications and co-morbid
disease was found (P = 0.21). Eventually, fibrosis and grad-
ual recovery was observed in the four patients with partial
necrosis. Twelve patients (44.4%) received postoperative ra-
diation 3 weeks after being discharged from the hospital,
and five patients experienced partial excoriation, which
disappeared completely 4 to 6 weeks after radiation ther-
apy. No subsequent flap failure or necrosis due to the side
effects of radiation was observed. No postoperative death
was observed, and there were no serious voice difficulties
or limitations in mouth opening in any of the patients. No



Table 2 Complication rates of different recipient sites

Recipient site Partial necrosis (%) Epidermis loss (%) Fistula (%) Infection (%) Patients (n,%)

Floor of mouth 2 (28.6) 3 (42.9) 1 (14.3) 1 (14.3) 7 (30.4)

Alveolar ridge 0 (0.0) 1 (50.0) 0 (0.0) 1 (50.0) 2 (8.7)

Tongue 2 (20.0) 5 (50.0) 1 (10.0) 2 (20.0) 10 (43.5)

Pharyngeal wall 0 (0.0) 1 (33.3) 1 (33.3) 1 (33.3) 3 (13.0)

Buccal mucosa 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 1 (4.4)

All sites 4 (17.4) 11 (47.8) 3 (13.0) 5 (21.7) 23 (100.0)

There were 35 patients with one or more complications.
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patients experienced any restriction in neck movement. All
of the patients with basic oral cavity function and accept-
able neck scars experienced complete wound healing
6 months after the operation. The follow-up continued
until September 2012. In our study, 27 patients participated
in regular follow-ups, but the other patients did not follow
up after being discharged from the hospital. The mean
follow-up duration was 4.2 ± 1.92 years, ranging from 1 to
8 years. Twelve patients (44.4%) died from their disease
due to local recurrence. The 3-year and 5-year survival
rates were 77.8% (21/27) and 69.23% (9/13), respectively.
The majority of the patients (87.0%) in our series were sat-
isfied with the results of the surgery.
Of the 29 patients whose facial vessels were preserved,

two cases had partial necrosis, five cases had epidermal
loss, and no cases had total loss. The complication and
success rates were 24.1% and 93.1%, respectively. There
was no significant difference between PMF that sacrificed
or preserved the facial vessels, both in success rate
(P = 1.00) or complication rate (P = 0.72) (Table 3).
The operation time for patients in the PMF group was

5.7 ± 1.17 h, and the operation time was 8.4 ± 2.15 h for
the RFFF group (P < 0.001). The mean age of patients in
the PMF group was 62.0 ± 10.98 years, and the mean age
was 55.6 ± 11.44 years in the RFFF group (P = 0.011).
Co-morbid disease was observed in 10 cases (10/34,
28.6%) in the RFFF group, which was lower than the
PMF group (P = 0.002). Total loss occurred in two cases
(2/34, 5.9%), and the success rate was 94.1% (Table 4).

Discussion
Malthes and Nahai described the ‘Reconstructive Ladder’
in 1982, which is based on the complexity of surgery,
and they explained that reconstruction should be
performed with simple and complex techniques, ranging
Table 3 The comparison of PMF sacrificed or preserved the fa

Flap types Total (n) Successful No

PMF sacrificed the facial vessels 54 50

PMF preserved the facial vessels 29 27

TN: total loss. PN: partial necrosis. EL: epidermis loss.
from primary closures to skin grafts, local flaps, distal
flaps, and free flaps [7]. Due to the flap’s thinness, loca-
tion, pliability, ease of preparation, and number of limi-
tations as well as the lack of hair found in the patients
of Asian descent, PMF has been widely used for the re-
construction of head and neck defects, including the ear,
cheek, upper and lower lips, oral cavity, and oropharynx
[8-12]. The platysma receives most of its blood supply
through the submental artery, which is the largest
branch of the facial artery, and this muscle also receives
blood due to anastomosis of the ipsilateral and contralat-
eral lingual, superior thyroid and inferior labial arteries
[13]. A recent anatomical investigation revealed the in-
herently fasciocutaneous nature of the platysma flap
[14]. When the facial artery is ligated, there is retrograde
filling of the platysma system through both ipsilateral in-
ternal and external carotid contributions as well as contra-
lateral external carotid contributions through the labial
arch [15]. Some studies have suggested that the contrain-
dications of using PMF include ligation of the facial artery,
previous neck surgery, radiotherapy, ipsilateral facial nerve
paralysis, and prior radical neck dissection [16-18]. Su
et al. reported in his study that in 16 cases of vertical PMF
that sacrificed the facial vessels, four cases suffered from
partial necrosis and two had total loss and that, in 26 cases
of vertical PMF that preserved the facial vessels, three
cases suffered from partial necrosis and none had total
loss [5]. The success rates of the two flaps were 62.5% and
88.5%. Table 3 shows the comparison between PMF that
sacrificed the facial vessels and PMF that preserved the fa-
cial vessels in our study. In our patients with sacrificed fa-
cial vessels, we found that 50 (92.6%) cases survived, four
cases (7.4%) had partial necrosis and none had total loss.
Of 29 patients with preserved facial vessels, two cases had
partial necrosis, five cases showed epidermal loss, and
cial vessels

. Complications Success
rate (%)TL PN EL

0 4 (7.4%) 11 (20.4%) 92.6

0 2 (6.9%) 5 (17.2%) 93.1



Table 4 The comparison between PMF sacrificed facial
vessels and RFFF

Items PMF RFFF

Age (years) 62.0 ± 10.98 55.6 ± 11.44

Co-morbid disease rate 53.7% (29/54) 28.6% (10/34)

Operation time (h) 5.7 ± 1.17 8.4 ± 2.15

Complication rate 27.8% (15/54) 5.9% (2/34)

Success rate (%) 92.6 94.1

The operation time include the time of unilateral neck dissection in
both groups.
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none had total loss. Finally, the success rates of the
two flaps were 92.6% and 93.1%. There were no signifi-
cant differences between the two groups, both in suc-
cess rate (P = 1) and complication rate (P = 0.72). Based
on our data, PMF that sacrifices the facial vessels may
have a reliability similar to that of PMF that preserves the
facial vessels. However, Berenholz et al. believe that the fa-
cial artery and vein should not be preserved when there is
a submandibular lymph node metastasis, and the use of
the platysma flap should be avoided [19]. Therefore, we
believe that the indication of PMF that sacrifices the facial
vessels should be more extensive.
We believe that the techniques used during the opera-

tions may have a high success rate due to these reasons:

1. To preserve the anastomosing vascular network
between the platysma and the fascia, the deep
adipofascial tissue under the platysma was carefully
protected when harvesting the flap.

2. Although the external jugular veins were ligated,
they should be elevated with the flap if possible. We
believe that the remaining veins may contribute to
the reestablishment of blood circulation.

3. To protect the blood supply, only the epidermis,
instead of the full thickness of the skin, is removed
from the surface from the pedicle of the flap.

4. Concerning the complete resection of the tumor,
excessive removal of the surrounding tissue, especially
the distal subcutaneous tissue, should be avoided.
Subsequently, the distal region of the flap may receive
an improved blood supply from the peripheral
neovascularization between the flap and its bed.

5. When transporting the flap into the oral cavity,
excessive torsion, stretching, and suture tension
should be avoided. The tunnel for the flap should
also be expanded properly.

6. When closing the incision on the donor site of the
neck, the suture over the pedicle, below the lower
border of the mandible, should be made in the
epidermis and superficial dermis in a vertical
direction. We believe that this practice would
contribute to preservation of the blood supply.
Additionally, tumor excision and defect reconstruction
are performed by the same team in our hospital; thus,
the surgeons may have a better understanding of the
specific circumstances of the operation. This experience
may lead to a greater chance of flap survival.
Currently, radial forearm free flap (RFFF), with the ad-

vantages of reliable anatomy, long pedicle length,
appropriately-sized vessels, and suitable thinness, is
widely used in reconstructive head and neck surgery
[20]. Due to similarities between the two techniques, we
compared the vertical PMF that sacrificed the facial ves-
sels group and the RFFF group after intraoral defect re-
construction at the same period in our hospital
(Table 4). We found that the operation time for patients
in the PMF group (mean, 5.7 ± 1.17 h) was shorter than
the RFFF group (mean, 8.5 ± 2.16 h), which was signifi-
cantly different (P <0.001), indicating that PMF was
faster and simpler to perform than RFFF. The co-morbid
disease rate (53.7%) of PMF was much higher than that
of the RFFF group (28.6%) (P = 0.002), which indicated
that PMF was more suitable for patients with a poor
general body state. The mean age of patients in the PMF
group was 62.0 ± 10.98 years, which was almost 7 years
older than the RFFF group (mean, 55.6 ± 11.44 years)
(P = 0.011), which indicated that PMF was more suit-
able for older patients. Of the 54 PMF performed, par-
tial necrosis occurred in four cases (4/54, 7.41%), and
total loss did not occur. Total loss occurred in two
cases (2/34, 5.9%) in the RFFF group. Although the
complication rate of PMF (15/54, 27.8%) was higher
than that of RFFF (2/34, 5.9%) (P = 0.011), their success
rates were similar (92.6%, 94.1%) (P = 1.00). We believe
that the reason for the high success rate is because in
PMF, the tunnel can fill the tissue volume defect be-
tween the surface and deeper tissues, rather than only
cover the wound. If necrosis occurs in the distal region
of the flap, the maintained, underlying viable muscles
can promote rapid re-epithelialization. As a result,
final survival of the flap can also be achieved, rather
than total loss. The impact of the complications in the
PMF group was lower than that of RFFF, indicating
that PMF might be safer than RFFF. Furthermore, we
also believe that the low complication rate of the free
flaps may have a relationship with the strict indica-
tions. Based on the data above, we believe that PMF, to
some degree, may have more extensive indications
than RFFF.
Nevertheless, a disadvantage of vertical PMF is its in-

sufficient venous drainage [21]. The variability in the
length of the patient’s neck and the thickness of the pla-
tysma may also be factors that influence the use of the
flap. Preoperative radiation was reported as a contraindi-
cation for the use of PMF [17]. However, Szudek et al.
[1] believe that postoperative complications were not
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associated with preoperative radiation therapy. In our
study, there was one patient who received preoperative
radiation therapy and showed good restitution. Further
research is required to determine whether preoperative
radiation therapy affects the flap.
Conclusions
Vertical platysma myocutaneous flap that sacrificed the
facial artery, with the specific advantages of being easy
to prepare and having few limitations, may provide an
efficient method for intraoral reconstruction, and our
experience in handling the flap may contribute to the
success rate.

Competing interests
The authors declare that they have no competing interests with any other
person or organization.

Authors’ contributions
ZL, FL, and CS wrote the manuscript. QF and XZ performed the statistical
analysis of the studies. CS and RL participated in the design and
performance of the operations. All of the authors have read and approved
the final manuscript.

Received: 2 December 2012 Accepted: 7 July 2013
Published: 24 July 2013

References
1. Szudek J, Taylor SM: Systematic review of the platysma myocutaneous

flap for head and neck reconstruction. Arch Otolaryngol Head Neck Surg 2007,
133:655–661.

2. Liu FY, Xu ZF, Li P, Sun CF, Li RW, Ge SF, Li JL, Huang SH, Tan X: The
versatile application of cervicofacial and cervicothoracic rotation flaps in
head and neck surgery. World J Surg Oncol 2011, 23:135.

3. Futrell JW, Johns ME, Edgerton MT, Cantrell RW, Fitz-Hugh GS: Platysma
myocutaneous flap for intraoral reconstruction. Am J Surg 1978, 136:504–507.

4. Nitzan D, Bedrin L, Yahalom R, Talmi YP: The platysma myocutaneous flap.
Operat Tech Otolaryngol 2005, 16:270–274.

5. Su T, Zhao YF, Liu B, Hu YP, Zhang WF: Clinical review of three types of
platysma myocutaneous flap. Int J Oral Maxillofac Surg 2006, 35:1011–1015.

6. Hell B, Heissler E, Gath H, Menneking H, Langford A: The infrahyoid flap.A
technique for defect closure in the floor of the mouth, the tongue, the
buccal mucosa, and the lateral pharyngeal wall. Int J Oral Maxillofac
Surg 1997, 26:35–41.

7. Mathes S, Nahai F: Clinical application for muscle and musculocutaneous flaps
[M]. St. Louis: CV Mosby Co; 1982:3–5.

8. Chen W, Li Y, Wang N: The need for a complete platysma component for
platysma myocutaneous flaps?–an introduction of the expanded
cutaneous-dominant platysma flap for facial defect reconstruction.
J Plast Reconstr Aesthet Surg 2010, 63:2172–2176.

9. Ruark DS, McClairen WC Jr, Schlehaider UK, Abdel-Misih RZ: Head and neck
reconstruction using the platysma myocutaneous flap. Am J Surg 1993,
165:713–718.

10. Olasz L, Szalma J, Lempel E, Orsi E, Gelencsér G, Nyárády Z: Application of
platysma-based transpositional flap for through-and-through facial
defect when the facial artery circulation is blocked or compromised.
J Oral Maxillofac Surg 2011, 69:1242–1247.

11. Bauer T, Schoeller T, Rhomberg M, Piza-Katzer H, Wechselberger G:
Myocutaneous platysma flap for full-thickness reconstruction of the upper
and lower lip and commissura. Plast Reconstr Surg 2001, 108:1700–1703.

12. Abemayor E, Blackwell KE: Reconstruction of soft tissue defects in the oral
cavity and oropharynx. Arch Otolaryngol Head Neck Surg 2000, 126:909–912.

13. Friedman M, Schild JA, Venkatesan TK: Platysma myocutaneous flap for
repair of hypopharyngeal strictures. Ann Otol Rhinol Laryngol 1990,
99:945–950.
14. Imanishi N, Nakajima H, Kishi K, Chang H, Aiso S: Is the platysma flap
musculocutaneous? Angiographic study of the platysma. Plast Reconstr
Surgical 2005, 115:1018–1024.

15. McGuirt WF, Matthews BL, Brody JA, May JS: Platysma myocutaneous flap:
caveats reexamined. Laryngoscope 1991, 101:1238–1244.

16. Conley JJ, Lanier DM, Tinsley P Jr: Platysma myocutaneous flap revisited.
Arch Otolaryngol Head Neck Surg 1986, 112:711–713.

17. Persky MS, Kaufman D, Cohen NL: Platysma myocutaneous flap for
intraoral defects. Arch Otolaryngol 1983, 109:463–464.

18. Pagani D, Capaccio P, Fontanella W, Sambataro G, Broich G, Pignataro L:
Vertical platysma myocutaneous flap reconstruction for T2-staged oral
carcinoma. Anticancer Res 2007, 27:2961–2964.

19. Berenholz L, Kessler A, Segal S: Platysma myocutaneous flap for intraoral
reconstruction: an option in the compromised patient. Int J Oral
Maxillofac Surg 1999, 28:285–287.

20. Kruse AL, Bredell MG, Lübbers HT, Jacobsen C, Grätz KW, Obwegeser JA:
Clinical reliability of radial forearm free-flap procedure in reconstructive
head and neck surgery. J Craniofac Surg 2011, 22:822–825.

21. Kocer U, Ozdemir R, Ulusoy MG, Uysal A, Sungur N, Sahin B, Tekdemir I,
Sensoz O: Anatomy of the platysma muscle and the evaluation of it for
the reconstruction of facial defects. J Craniofac Surg 2005, 16:463–470.

doi:10.1186/1477-7819-11-165
Cite this article as: Li et al.: Vertical platysma myocutaneous flap that
sacrifices the facial artery and vein. World Journal of Surgical Oncology
2013 11:165.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Surgical technique
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


