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Abstract
Purpose: With the development of microsurgical techniques, the anterolateral thigh (ALT) �ap has been
widely used in reconstruction of various soft-tissue defects. However, there were few studies focusing on
the closure of the ALT �ap donor site, especially when the width of the harvested ALT �ap was more than
6 cm. The purpose of this study was to share our experience of using Keystone Design Perforator Island
Flap (KDPIF) to repair the ALT �ap donor site where can’t be closed without a skin graft.

Method: A retrospective study was used to analyze 12 patients who underwent the reconstruction of the
ALT �ap donor site using KDPIF from February 2018 to December 2020. Demographics, �ap
characteristics, surgical technique, postoperative complications, Vancouver Scar Scale (VSS) score, and
Scar Cosmesis Assessment and Rating (SCAR) score were statistically analyzed.

Results: 12 patients (10 males, 2 females) with the mean age 47.5 years (range, 27-66 years) were
included in this study. All ALT �ap donor sites were closed by the KDPIF. The mean size of the harvested
ALT �ap (the donor site size) was 8.1 cm × 14.4 cm (range from 8.0 cm × 11.0 cm to 9.0 cm × 21.0 cm),
and the mean size of keystone �ap was 9.1 cm × 16.4 cm (range from 8.0 cm × 13.0 cm to 12.0 cm ×
19.0 cm). At the mean follow-up of 8.3 months (range, 6-12 months), two patients suffered from the skin
infection around the �ap, which was controlled under the treatment of wound dressing change and oral
antibiotics. Wound dehiscence, osteofascial compartment syndrome (OCS), venous return disorder, and
skin necrosis were not presented in any patients. All patients were evaluated at the �nal follow-up with
ASS core (mean, 6.7; range, 5-8) and SCAR core (mean, 7.3; range, 6-9).

Conclusion: This study demonstrated that the KDPIF that can be used to close the ALT �ap donor site
primarily is an effective and alternative treatment for patients with a the width of the donor site more than
6 cm including the advantages of high survival rate, low morbidity, good aesthetics, and simple operation.

Introduction
The anterolateral thigh (ALT) �ap has been considered as a reliable �ap option for various soft tissue
defects because of its concealed position, constant vascular pedicle, large area, and low donor site
morbidity [1]. And the application of ALT �ap have been described in many previous studies [2-4].
However, there were still few studies on the reconstruction of the ALT �ap donor site, especially in the
donor site with a large soft tissue defect.

The primary closure of the ALT �ap donor site was associated with low morbidity. In most cases, the
donor site with a width of <6 cm can be closed directly without skin graft. However, for harvested ALT �ap
with a width of >6 cm (with adjustment for age and BMI), performing the primary closure of the donor site
may cause many complications, such as osteofascial compartment syndrome (OCS), wound dehiscence,
and venous return disorder [5, 6]. In clinical work, skin graft was a common method to cover the donor
site defects where can’t be sutured directly. However, skin graft was associated with many donor site
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complications such as additional donor site, skin infections, and necrosis, which may result in patient
discomfort and dissatisfaction [6, 7].

Keystone Design Perforator Island Flap (KDPIF) is an islanded perforator �ap that relies on V-Y
advancement components at the corners to mobilize the middle portion of the �ap [8]. Many previous
studies have reported that using the KDPIF reconstructs soft tissue defects in extremities with a good
outcome [9-11]. However, there were few studies focusing on the closure of the ALT �ap donor site,
especially when the width of the harvested ALT �ap was more than 6 cm. Hence, the purpose of this
study was to share our experience of using KDPIF to repair the ALT �ap donor site where can’t be closed
without a skin graft.

Materials And Methods
The current study was conducted with institutional review board approval, and each patient provided
written informed consent before the surgery. Of 12 patients who underwent the ALT �ap surgery for the
initial soft tissue defects in our institution from February 2018 to December 2020. The soft tissue defect
of the ALT �ap donor site was closed using a KDPIF in all patients. The relative dates of patient’s
demographics (age and BMI), �ap characteristics (ALT �ap and keystone �ap size), surgical technique,
and postoperative complications, were collected from the medical record. Two rating scales of Vancouver
Scar Scale (VSS) score, and Scar Cosmesis Assessment and Rating (SCAR) score, were used to evaluate
the aesthetics of KDPIF.

Surgical procedure

The KDPIF was designed to cover the donor site defect that caused by the harvested ALT �ap. In
operation, the KDPIF width we designed was longer than that of the width of the donor defect, and the
width ratio between donor site and keystone �ap was adjusted according to the patient's age, BMI and
skin tension. If there was a long elliptical defect on the donor site, suturing both ends of the defect can
reduce the size of the donor site defect, and then the KDPIF size was designed according to the reduced
donor site defect (Fig 1). During the divide process of KDPIF, performing the blunt dissection of the deep
fascia can increase the mobilization of the surrounding tissue of the KDPIF (the range of deep fascia
dissection was adjusted according to the skin tension), and facilitate the closure of the donor site. The
area of the blunt dissection can be increased according to patient’s skin tension, and the dissectible area
of the deep fascia was illustrated in Figure 2. Careful teasing the circumferential tissues of the KDPIF to
preserve the integrity of perforators. After the KDPIF was advanced along the horizontal axis, the skin
edge at the widest part of the donor defect was �rst sutured with the 2-0 nylon. Then the interrupted
single layer nylon sutures were performed to close the skin around the �ap (Fig 1). Finally, the V-Y
advancement of each end of the �ap was performed and sutured. Postoperatively, the operated limb was
immobilized for 2 weeks to prevent wound dehiscence.

Results
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Twelve patients (10 males, 2 females) with the mean age 47.5 years (range, 27-66 years) and mean BMI
24.9 (range, 18.24-31.24) were included in this study. All donor sites can’t be closed directly without skin
graft according to the evaluation of skin tension conducted by two experienced surgeons and the KDPIFs
(type IIA = 8 cases; SMU-modi�cation KDPIF = 4 cases) were designed to close the donor sites. The mean
size of the harvested ALT �ap (the donor site size) was 8.1 cm × 14.4 cm (range from 8.0 cm × 11.0 cm to
9.0 cm × 21.0 cm), and the mean size of keystone �ap was 9.1 cm × 16.4 cm (range from 8.0 cm × 13.0
cm to 12.0 cm × 19.0 cm). At the mean follow-up of 8.3 months (range, 6-12 months), of 12 patients, 2
patients suffered from the skin infection around the �ap, which was controlled under the treatment of
wound dressing change and oral antibiotics. Wound dehiscence, OCS, venous return disorder, and skin
necrosis were not presented in any patients. All patients were evaluated at the �nal follow-up with ASS
core (mean, 6.7; range, 5-8) and SCAR core (mean, 7.3; range, 6-9) (Table 1). And results all the �aps was
satisfactory, both clinical reconstruction and aesthetic need can be ful�lled compared with skin graft (Fig
3, 4 and 5).

Case Presentation
A 54-year-old man who was exposed to severe soft tissue defects in his left foot underwent emergency
surgery in our hospital 5 hours later after the injury. In the operation, the debridement and Vacuum
Sealing Drainage (VSD) were performed to control soft tissue infection. In the second stage of operation,
the ALT �ap (9.0 cm × 21.0 cm) was used to reconstruct the soft-tissue defects after the infection was
controlled, and the donor site was reconstructed using a skin graft. One week after surgery, the patient
developed skin necrosis and wound dehiscence in the donor site due to improper activity. After
evaluation, the KDPIF was designed to close the donor site defect with a �ap size of 12.0 cm ×19.0 cm
(Fig 3). No complications such as skin infection, necrosis, and wound dehiscence were observed during
telephone follow-up.

Discussion
ALT �ap has been widely used to reconstruct various complex soft-tissue defects due to its advantages
of considerable harvesting area, long vascular pedicle, concealed donor site, and large vessel diameter [1,
3]. There were numerous studies focusing on the application of the ALT �ap in reconstruction of soft
tissue defects [3]. However, many complications of the ALT �ap donor site still needed further research
and resolution. Patients with a width of donor site defect more than 6 cm who underwent the primary
closure may suffer from wound dehiscence and skin necrosis [6]. Skin graft was a common method to
solve the donor site defect, but this method was associated with a secondary donor site and low
aesthetic [12]. In the present study, we used the KDPIF to reconstruct the ALT �ap donor site defect with a
width of more than 6 cm in 12 patients. The e�ciency of KDPIF was assessed by the aesthetics and
complications in the donor site.

As an emerging reconstructive technique, KDPIF was �rst introduced by Behan in 2003 [8]. There were
four types of KDPIF that were described in the previous study with Type I ( a standard �ap design with
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direct closure of defects), Type IIA (type I combined with the additional division of the deep fascia), Type
IIB (a skin graft is required to cover the secondary defect), Type III (double keystone �aps like a butter�y
wing), and Type IV (rotational reconstruction) [8]. Furthermore, another modi�ed keystone �ap mentioned
by Moncrieff et al. was named SMU (Sydney Melanoma Unit) - modi�cation KDPIF [13]. A skin bridge
along the greater arc of the KDPIF was maintained in patients with the SMU-modi�cation KDPIF, which
allows additional vascularity, preserves subdermal lymphatics, and promotes wound healing [13, 14]. In
this study, 12 patients received the treatment of KDPIF (type IIA = 8 cases; SMU-modi�cation KDPIF = 4
cases) for the ALT �ap donor site defects (the mean width was 8.1 cm; range from 7 to 10 cm).

During the operation of KDPIF, the soft tissue defect in the donor site can be transferred from an area
without surrounding tissue laxity to an area with su�cient laxity, and this method follows the principle of
recruitment of laxity [9]. The skin tension can be redistributed from the donor site to both ends of KDPIF
via the V-Y advancement [15]. Furthermore, The V-Y advancement �ap from the corner of the KDPIF to the
center provides an additional laxity for the horizontal axis movement of KDPIF into the donor site defect
[8]. In this way, the donor site defect can be covered with local skin (replace like-with-like) without the
need for harvesting free �ap and vascular anastomosis, which not only reduces the incidence of vascular
crisis, but also avoids the difference of skin color caused by free �ap or skin graft. In the �ap size
designing, the original design of KDPIF was based on the 1:1 ratio between the width of the KDPIF and
the elliptical defect [8]. However, due to there were many strong skeletal muscles and insu�cient laxity in
the thigh, this ratio was modestly increased (with adjustment for age and BMI) to ensure a lower skin
tension. Furthermore, the deep fascia in the �ap margin was divided to increase the �ap movement to
close the ALT �ap donor site in all patients. In our follow-up, no one case presented the wound
dehiscence, which indicated that the KDPIF was associated with satisfactory work to bear the skin
tension. Hence, we recommended that the blunt dissection of deep fascia around the �ap should be
created when patients with the donor site defect were repaired using the KDPIF, so as to increase the
movement of the KDPIF and disperse the skin tension, which can better prevent the risk of wound
dehiscence caused by excessive skin tension in the thigh. Furthermore, the dissociation of deep fascia
should be performed according to the patient’s age, BMI, and intraoperative skin tension assessment. For
patients with low skin tension, the conventional dissociation (the deep fascia around the KDPIF) can be
divided; for patients with high skin tension, the dissociation area should be gradually increased to prevent
the high skin tension in the sutured area (Fig 2).

Additionally, the KDPIF was also associated with an extremely high survival rate, which was related to the
fact that the �ap was based on a multi-perforator-based advancement [16]. There were multiple hot spots
of the perforator in thigh skin, which provides a reliable blood circulation for KDPIF even when the large
keystone �ap was designed. Furthermore, during the blunt dissection of the deep fascia around the �ap,
the central position of the �ap (where the center of the �ap was located near the hot spots of the
perforator) was not divided, and the vascular pedicle was not dissected and anastomosed, so as to
ensure the integrity of perforators and contribute to a high survival rate of the �ap [7, 16-18]. In addition,
by the blunt dissociation of the peripheral deep fascia, an unequal distribution of skin tension around the
�ap can be created with a considerable tension in the periphery of the �ap and less skin tension in the
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central area [7]. The blood circulation was preserved in the area of low skin tension (the central area of
the �ap) where the vascular pedicle was not dissected, which may contribute to the reliable blood
circulation of KDPIF. In this study, none of the patients developed wound dehiscence or vascular based
�ap necrosis.

With the continuous development of microsurgical techniques, aesthetics has become an important goal
for patients and surgeons. It is our experience that patients are more receptive to linear scars compared to
sheet scars (Fig 4). Furthermore, the local �ap advancement in the reconstruction of soft-tissue defects
can readily achieve an ideal reconstructive goal (replace like-with-like) and avoid large areas of
pigmentation and skin color differences, which may be caused by skin graft [19]. In the present study, we
performed VSS score and SCAR score for 12 patients with ASS core (mean, 6.7; range, 5-8) and SCAR
core (mean, 7.3; range, 6-9), and all patients were satis�ed with the appearance of the donor site.
Furthermore, the skin morbidity in the donor area may signi�cantly impact the aesthetics of the donor
area and the patient’s rehabilitation. In our observation, patients who underwent the skin graft to repair
the ALT �ap donor site more likely to present the morbidity in initial or secondary donor site. However, the
primary closure of the ALT �ap donor site that was managed using KDPIF was associated with lower
donor site morbidity and higher aesthetics compared with a skin graft. In this present study, there were
just two cases exposed to the modest skin infection and controlled by the treatment of wound dressing
change and oral antibiotics.

Another great advantage of the KDPIF is that it is easy to operate. The procedure does not require superb
microsurgical techniques and microsurgical equipment. And it is easily performed in a variety of levels of
medical institutions. As long as the surgeon strictly grasps the operative indications and the design
scheme of the �ap, and carefully separates the deep fascia around the �ap during the operation, a high
success rate of the operation can be achieved. In addition, the donor defect of the ALT �ap was usually
elliptical, which was in line with the design principles of KDPIF. In conclusion, this study demonstrated
that using the KDPIF to close the ALT �ap donor site primarily is an effective and alternative treatment
including the advantages of high survival rate, low morbidity, good aesthetics and simple operation.

Conclusion
With the development of microsurgical techniques, the ALT �ap has been widely used to reconstruct
various soft tissue defects. However, the donor site morbidity remains a challenge for surgeons,
especially when the width of harvested ALT �ap was greater than 6 cm. In this study, primary closure of
the ALT donor site was completed using the KDPIF, which method not only reduces the donor site
morbidity but also increases the aesthetics compared to conventional treatment (skin graft). Hence, this
study provides an experience of effective and alternative treatment for repairing the donor site defects
caused by the ALT �ap.

Abbreviations
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ALT �ap: Anterolateral thigh �ap

KDPIF: Keystone Design Perforator Island Flap

OCS: Osteofascial compartment syndrome

VSS score: Vancouver Scar Scale score

SCAR score: Scar Cosmesis Assessment and Rating score

VSD: Vacuum Sealing Drainage

BMI: Body mass index

SMU: Sydney Melanoma Unit

Declarations
Acknowledgments

Not applicable

Authors’ Contributions

FYC and YSL were the patient’s �rst-visit doctors, followed up the patient and contributed to manuscript
drafting; KL reviewed the literatures and were responsible for the revision of the manuscript for important
intellectual content; JJ and AY were the patient’s surgeons, performed the surgery and were responsible
for �nal approval of the version of the article to be published. All authors read and approved the �nal
manuscript.

Funding

This study was funded by the grants from National Natural Science Foundation of China (No. 81560357).
The funding body was involved in the collection, analysis, and interpretation of data by supporting with
salary for the time needed. They were not involved in the design or writing the manuscript

Availability of data and materials

The datasets analyzed during the current study are available from the corresponding author on
reasonable request.

Ethics approval and consent to participate

All procedures performed in this study were carried out in accordance with the Declaration of Helsinki.
This study was approved by the Ethics Committee of The First A�liated Hospital of Xinjiang Medical



Page 8/13

University. Written informed consents were obtained from the patients for their data to be recorded in our
study.

Consent for publication

Written informed consents were obtained from the patients for publication of this study and any
accompanying images. A copy of the written consents is available for review by the Editor of this journal.

Competing interests

The authors declare that they have no competing interests.

References
1. Graboyes EM, Hornig JD: Evolution of the anterolateral thigh free �ap. Curr Opin Otolaryngol Head

Neck Surg 2017, 25(5):416–421.

2. Ulas BZ, Kececi Y, Pabuscu Y, Yoleri L: Anterolateral Thigh Flap Design by Using Suprafascial Course
of the Perforator. Ann Plast Surg 2020, 84(5):550–553.

3. Vijayasekaran A, Gibreel W, Carlsen BT, Moran SL, Saint-Cyr M, Bakri K, Sharaf B: Maximizing the
Utility of the Pedicled Anterolateral Thigh Flap for Locoregional Reconstruction: Technical Pearls and
Pitfalls. CLIN PLAST SURG 2020, 47(4):621–634.

4. Driessen C, van Hout N, van Kuppenveld P, Cristobal L, Liu T, Mani M, Rodriguez LA: Usefulness of a
template-based anterolateral thigh �ap for reconstruction of head and neck defects. MICROSURG
2020, 40(7):776–782.

5. Lin CH, Wei FC, Lin YT, Yeh JT, Rodriguez EJ, Chen CT: Lateral circum�ex femoral artery system:
warehouse for functional composite free-tissue reconstruction of the lower leg. J Trauma 2006,
60(5):1032–1036.

�. Townley WA, Royston EC, Karmiris N, Crick A, Dunn RL: Critical assessment of the anterolateral thigh
�ap donor site. J Plast Reconstr Aesthet Surg 2011, 64(12):1621–1626.

7. Collins J, Ayeni O, Thoma A: A systematic review of anterolateral thigh �ap donor site morbidity. Can
J Plast Surg 2012, 20(1):17–23.

�. Behan FC: The Keystone Design Perforator Island Flap in reconstructive surgery. ANZ J SURG 2003,
73(3):112–120.

9. Petukhova TA, Navrazhina K, Minkis K: V-Y Hemi-keystone Advancement Flap: A Novel and
Simpli�ed Reconstructive Modi�cation. Plast Reconstr Surg Glob Open 2020, 8(2):e2654.

10. Byun IH, Kim CW, Park TH: The Modi�ed Keystone Flap for Pressure Ulcers: A Modi�cation of the
Keystone Flap With Rotation and Advancement. Ann Plast Surg 2019, 82(3):299–303.

11. Rini IS, Gunardi AJ, Marsaulina RP, Aryandono T, Dachlan I, Dwiprahasto I: A systematic review of the
keystone design perforator island �ap in the reconstruction of trunk defects. Arch Plast Surg 2020,
47(6):535–541.



Page 9/13

12. Pagliara D, Mangialardi ML, Vitagliano S, Pino V, Salgarello M: Improving Outcomes in Anterolateral
Thigh Flap Donor-Site Reconstruction Using Propeller Flaps: A Retrospective Comparative Study with
Skin Grafting. J RECONSTR MICROSURG 2020.

13. Moncrieff MD, Bowen F, Thompson JF, Saw RP, Shannon KF, Spillane AJ, Quinn MJ, Stretch JR:
Keystone �ap reconstruction of primary melanoma excision defects of the leg-the end of the skin
graft? ANN SURG ONCOL 2008, 15(10):2867–2873.

14. Lim SY, Yoon CS, Lee HG, Kim KN: Keystone design perforator island �ap in facial defect
reconstruction. WORLD J CLIN CASES 2020, 8(10):1832–1847.

15. Douglas C, Morris O: The 'keystone concept': time for some science. ANZ J SURG 2013, 83(7–
8):498–499.

1�. Riccio CA, Chang J, Henderson JT, Hassouba M, Ashfaq F, Kostopoulos E, Konofaos P: Keystone
Flaps: Physiology, Types, and Clinical Applications. Ann Plast Surg 2019, 83(2):226–231.

17. Yoon CS, Kim HB, Kim YK, Kim H, Kim KN: Relaxed skin tension line-oriented keystone-designed
perforator island �aps considering the facial aesthetic unit concept for the coverage of small to
moderate facial defects. Medicine (Baltimore) 2019, 98(3):e14167.

1�. Yoon CS, Kim HB, Kim YK, Kim H, Kim KN: Keystone-design perforator island �aps for the
management of complicated epidermoid cysts on the back. Sci Rep 2019, 9(1):14699.

19. AlMugaren FM, Pak CJ, Suh HP, Hong JP: Best Local Flaps for Lower Extremity Reconstruction. Plast
Reconstr Surg Glob Open 2020, 8(4):e2774.

Tables



Page 10/13

Table 1. Patients’ demographic data

Patient

No.

 

Age/Sex

 

BMI

ALT �ap size
(m2)

Keystone �ap
size (m2)

 

Complications

VSS
score

SCAR
score

1 54, M 21.45 9 × 21 12 × 19 none 7 6

2 47, M 25.16 8 × 14 9 × 15 none 6 7

3 63, F 29.31 7 × 15 9 × 17 none 7 7

4 35, M 23.74 8 × 12 8 × 15 none 7 8

5 41, M 19.62 7 × 12 8 × 15 none 7 8

6 38, M 24.73 8 × 13 9 × 15 none 6 6

7 27, M 31.24 8 × 11 8 × 13 none 6 7

8 49, M 26.45 7 × 15 8 × 18 none 7 8

9 55, F 18.24 8 × 14 9 × 16 Skin infection 8 8

10 51, M 27.52 9 × 19 10 × 21 none 5 6

11 66, M 23.93 10 × 15 11 × 18 Skin infection 8 9

12 44, M 27.42 8 × 12 8 × 15 none 7 8

Note: Complications include wound dehiscence, osteofascial compartment syndrome (OCS), venous
return disorder, skin infection and necrosis.

Abbreviations: BMI, dody mass index; ALT �ap, The anterolateral thigh �ap; VSS, Vancouver Scar
Scale score; SCAR, Scar Cosmesis Assessment and Rating score
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Figure 1

The Design of Keystone Design Perforator Island Flap (KDPIF) reconstruct anterolateral thigh (ALT) �ap
donor site defect. a. suturing both ends of the donor site reduce the size of defect; b. KDPIF was designed
according to the defect size; c. advance and suture the KDPIF.

Figure 2

Blunt dissection of deep fascia around the �ap. a. the conventional dissociation of the peripheral deep
fascia; b. expending the area of conventional dissociation; c. adding the dissociation of the deep fascia
around the donor site defect.
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Figure 3

The design and advance of Keystone Design Perforator Island Flap (KDPIF). a. The anterolateral thigh
(ALT) �ap donor site defect; b-c. designing the KDPIF; d-e. advancing and suturing the KDPIF and
postoperative appearance.

Figure 4
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Skin graft reconstruct the ALT �ap donor site. a-b. sheet scars caused by the skin graft.

Figure 5

Aesthetic comparison between skin graft and KDPIF for reconstructing the ALT �ap donor site after
operation. a. skin graft was associated with sheet scar; b. KDPIF was associated with the linear scar.


