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Reconstruction of composite oral 
and maxillofacial defects by free 
flaps based on a new classification
Xi Yu Yao1, Hui Liu1 & Wei Wei Liu2*

Reconstruction of composite oral and maxillofacial defects using free flaps is challenging. The key to 
such delicate reconstruction lies in the evaluation of the defect. However, few reports have described 
the clinical classification of these difficult defects. In this study, we proposed a classification method and 
developed different reconstructive solutions using free flap techniques according to this classification. 
This classification method was established based on two parameters (the elements and distribution of 
the missing tissues). Among the 17 patients with composite oral and maxillofacial defects included in 
this study, 8 patients presented with type A defects, one patient presented with a type B defect, and 
the other 8 patients presented with type C defects. No type D defects were observed in this study. Three 
types of free flaps were used to reconstruct the respective types of composite defects. Perforator-based 
ALT flaps were used to reconstruct Type A defects. Branch-based ALT flaps were used to reconstruct 
Type B defects. For Type C defects, two reconstructive solutions were used, including a well-designed 
fibular flap and a perforator-based ALT flap with or without a metal plate for bony reconstruction. All 
flaps survived after surgery. This classification system may help select and design specific free flaps for 
reconstructing composite oral and maxillofacial defects.

Composite oral and maxillofacial defects after ablative oncological surgery, such as typical through-and-through 
oral defects, are challenging clinical problems for plastic and reconstructive surgeons. Multiple factors, including 
different related anatomical sites, multiple types of missing tissues, and sometimes even two separate defects, 
often cause these composite defects to be variable and complicated to reconstruct. Understanding the features 
or patterns of these composite defects may provide a framework to describe these defects and help plan the 
reconstructive algorithm. However, as we know, few studies have reported the classification of composite oral and 
maxillofacial defects.

Surgical reconstruction for these composite defects is quite difficult because multiple types of tissue from 
different anatomic sites are missing1,2. Reconstruction of these complicated defects not only requires restoring the 
anatomy but also replacing the exact amount and types of missing tissue. The application of free flaps to recon-
struct composite oral and maxillofacial defects has been well reported in the literature3–7. However, few studies 
have discussed choosing different reconstructive solutions and designing free flaps based on a classification of 
composite oral and maxillofacial defects.

In the present study, we reviewed a series of patients with composite oral and maxillofacial defects and pro-
posed a new classification method based on the elements and distribution of the missing tissues. Three types of 
reconstructive solutions using a free flap technique were developed accordingly. The reconstructive results using 
free flaps based on this classification were reported.

Patients and Methods
Patients. The clinical data of the patients diagnosed with oral and maxillofacial cancers from May 2009 
to December 2016 in two tertiary cancer centre in southern China (Fujian Cancer Hospital and Sun Yat-
sen University Cancer Center) were retrospectively reviewed. A total of 17 patients were included in this 
study. Among them, there were 6 females and 11 males, with a mean age of 49.4 years (range, 13 to 69 years). 
Pathologically, 13 patients were diagnosed with squamous cell carcinomas, 3 patients with sarcomas and one 
patient with adenoid cystic carcinoma (See Table 1). The treatment plan for all the patients was discussed with a 
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multidisciplinary team. Postoperative radiotherapy was scheduled for most patients to improve local control. All 
patients received radical curative surgery and simultaneous reconstruction by free flaps. The composite oral and 
maxillofacial defects were evaluated and classified preoperatively by CT or MRI imaging. Reconstructive solu-
tions using free flaps were planned individually according to different types of defects, the patients’ inclination 
and the surgeon’s preference for a specific surgical approach. All patients were followed up postoperatively in the 
clinic for at least two years.

The present study was approved by the institutional review board/ethics committee of the Cancer Center 
of SUN Yat-sen University and Cancer Hospital of FuJian Medical University. All methods were performed in 
accordance with the relevant guidelines and regulations. Written informed consent was obtained for all patients 
and/or their legal guardians (patients under the age of 18 years) in this study before surgery. Informed consent 
for both study participation and online open-access publication of identifying information and images was also 
obtained from all patients and/or their legal guardians (patients under the age of 18 years).

Classification. All patients presented with composite oral and maxillofacial defects that included multiple 
types of tissues missed. We classified the composite defects according to two factors: the elements and distribu-
tion of the missing tissues. Elements referred to the five spatial structures of oral and maxillofacial regions that 
included the intra-oral mucosa, intermediate connective tissue, extra-oral facial skin, bony structures and the 
related cervical skin. Distribution referred to the spatial distance of the missing elements.

The elements of the missing tissue could be further classified into two types: soft tissue only and soft tissue 
combined with bone, including the mandible or maxilla. The distribution of the missing elements could be fur-
ther classified into a close one-block pattern and a wide separate-block pattern.

Table 2 shows the four types of composite oral and maxillofacial defects according to this classification sys-
tem. Both types A and B indicated soft tissue-only composite defects. The difference between types A and B 
was just the distance of the missing tissue elements. For example, type A defects lost some elements from the 
oral and maxillofacial regions in a close one-block pattern; however, type B defects lost tissue elements in a 
wide separate-block pattern. Both types C and D indicated composite defects with involvement of soft tissue and 
bone, including the mandible or maxilla. The difference between them also existed in a close one-block and wide 
separate-block pattern. The definitions for the types of composite oral and maxillofacial defects were as follows:

Type A: Only elements of soft tissue missed in a close one-block pattern.
Type B: Only elements of soft tissue missed but in a wide separate-block pattern.
Type C: Both elements of soft tissue and bone missed in a close one-block pattern.
Type D: Both elements of soft tissue and bone missed but in a wide separate-block pattern.

Reconstructive solutions. A composite oral and maxillofacial defect can be reconstructed in many ways. In 
the current work, free flaps with different designs were used to reconstruct these defects. Table 3 shows the gen-
eral rule and our design of the free flaps to reconstruct different types of composite oral and maxillofacial defects. 
The anterolateral thigh flap and fibular flap were the main donor sites used to design the free flaps in this series. 
Three kinds of free flaps, including perforator-based ALT flaps, branch-based ALT flaps and well-designed fibular 
flaps, were developed for the reconstruction of the respective types of composite oral and maxillofacial defects.

Case # Sex Age Primary site Pathology Defect extent Defects Reconstruction Flaps
Oral 
function

1 Female 64 Upper gingiva SCC Oral soft tissue + Facial skin Type A Perforator-based ALT Survived Good

2 Female 45 Cheek SCC Through-and-through cheek tissue Type A Perforator-based ALT Survived Good

3 Male 50 Floor of the mouth SCC Oral soft tissue + Facial skin Type A Perforator-based ALT Survived Good

4 Male 23 Facial and cervical skin ACC Wide-apart facial and cervical skin Type B Branch-based ALT Survived Good

5 Male 25 Mandible Sarcoma Oral soft tissue + Mandible Type C fibular flap Survived Common

6 Male 44 Lower gingiva SCC Oral soft tissue + Facial skin + Mandible Type C fibular flap Survived Common

7 Female 69 Floor of the mouth SCC Oral soft tissue + Facial skin Type A Perforator-based ALT Survived Good

8 Female 43 Lip SCC Lip + Cheek tissue Type A Perforator-based ALT Survived Good

9 Male 58 Hard palate SCC Oral soft tissue + Facial skin Type A Perforator-based ALT Survived Good

10 Female 55 Lower gingiva SCC Oral soft tissue + Mandible Type C fibular flap Survived Good

11 Male 64 Mandible Sarcoma Oral soft tissue + Mandible Type C fibular flap Survived Common

12 Male 56 Floor of the mouth SCC Oral soft tissue + Mandible Type C fibular flap Survived Good

13 Male 49 Floor of the mouth SCC Oral soft tissue + Mandible Type C fibular flap Survived Good

14 Male 69 Upper gingiva SCC Oral soft tissue + Facial skin Type A Perforator-based ALT Survived Good

15 Male 49 Lower gingiva SCC Oral soft tissue + Facial skin + Mandible Type C fibular flap Survived Good

16 Female 13 Upper jaw Sarcoma Oral soft tissue + Maxilla Type C fibular flap Survived Good

17 Male 64 Cheek SCC Through-and-through cheek tissue Type A Perforator-based ALT Survived Good

Table 1. The clinical features of seventeen patients with composite oral and maxillofacial defects reconstructed 
using free flaps. SCC, squamous cell carcinoma. ACC, adenoid cystic carcinoma.
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Perforator-based ALT was defined as an ALT flap based on the perforators from the descending branch of the 
lateral circumflex femoral artery. These perforators were not distributed so far apart that the tissue blocks based 
on them had limited freedom of rotation.

Branch-based ALT was defined as an ALT flap based on the perforators coming from different branches of the 
lateral circumflex femoral artery, i.e., the descending branch and oblique branch. This design of the ALT flap was 
to obtain more freedom of rotation for wide-apart defects.

Fibular flaps could be designed individually according to the reconstructive requirement. Two methods are 
normally used, including one compound or chimeric style.

Results
Among 17 patients, 8 patients presented with type A defects, one patient presented with a type B defect, and the 
other 8 patients presented with type C defects. No type D defects were observed in this series of patients (see 
Table 1). Perforator-based ALT flaps were used to reconstruct Type A defects. Branch-based ALT flaps were used 
to reconstruct Type B defects. For Type C defects, two reconstructive solutions were used, including a fibular flap 
and a perforator-based ALT flap with or without a metal plate for bony reconstruction. Representative cases for 
each type of defect reconstructed by a free flap are shown below.

All flaps survived after surgery. The patients were followed up in the clinic and reported no severe complica-
tions. All patients were able to resume an oral diet postoperatively. Fourteen patients reported good postoperative 
oral function, and three patients reported satisfactory postoperative oral function.

Type A defects. A 64-year-old gentleman presented with squamous cell carcinoma of the buccal mucosa. The 
tumour invaded the facial skin, but there was no evident bony invasion. A radical en bloc through-and-through 
resection was performed. The continuity of the mandible was maintained. This patient presented a Type A defect 
(only elements of soft tissue missed in a close one-block pattern). A perforator-based ALT flap was developed, 
and two blocks of tissue were prepared based on the two adjacent perforators. The Type A defect was well recon-
structed by insetting the two blocks of tissue intra-orally and extra-orally to replace the missing mucosa and skin. 
(See Figs. 1 and 2.)

Type B defects. A 23-year-old gentleman presented with a mass located at the inner canthus with ipsilateral 
cervical swollen lymph nodes on level II. A biopsy pathologically confirmed an adenoid cystic carcinoma arising 
from the tarsal glands with cervical lymph node metastasis. CT scans showed that both the inner canthus and 
cervical skin were invaded. Radical surgery was performed to simultaneously remove the mass and neck nodes. 
The patient thus presented a Type B defect (only elements of soft tissue missed but in a separate-block pattern). 
Two branches, including the descending branch and the oblique branch of the lateral circumflex femoral artery, 
were identified and used to prepare two blocks of donor tissue, including the skin and muscle. A branch-based 
ALT flap was developed to reconstruct the two blocks of defects far apart from each other. (See Figs. 3 and 4.)

Distribution of the defects

Close one-block 
pattern

Wide separate-block 
pattern

Tissue elements

Soft tissue only Type A Type B

Combined with bone Type C Type D

   + mandible

   + maxilla

Table 2. Classification of the composite oral and maxillofacial defects.

Composite oral and 
maxillofacial defects

Reconstructive methods 
available Designing of a free flap Our solutions

Type A
(1) Double free flaps;
(2) A folded free flap or local flap;
(3) A well-designed free flap

Any free flaps designed to have two 
blocks of tissue based on two adjacent 
perforators

A perforator-based anterolateral thigh flap

Type B (1) Double free flaps;
(2) A well-designed free flap

Any free flaps designed to have 
two blocks of tissue based on two 
perforators separated widely apart

A branch-based anterolateral thigh flap

Type C

(1) Double free flaps;
(2) A folded free flap or local flap 
−/+ bone reconstruction;
(3) A well-designed free flap −/+ 
bone reconstruction

Any free flaps designed to have blocks 
of tissue including a segment of bone 
based on the adjacent perforators

(1) A fibular flap with or without chimeric design;
(2) A perforator-based anterolateral thigh flap 
with or without a metal plate

Type D

(1) Double free flaps;
(2) A folded free flap or local flap 
−/+ bone reconstruction;
(3) A well-designed free flap −/+ 
bone reconstruction

Any free flaps designed to have blocks 
of tissue including segments of bone 
based on the perforators separated 
widely apart

No cases

Table 3. The reconstructive algorithm for different types of composite oral and maxillofacial defects.
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Type C defects. Combined with the mandible. A 49-year-old gentleman presented with a T4N1M0 squa-
mous cell carcinoma arising from the lower gingiva. A CT scan showed that the tumour had already invaded 
the body of the mandible. The extraoral facial skin was also invaded. Radical surgery was performed to remove 
a segment of the mandible with the whole three-layer of the cheek. This patient presented a Type C defect (both 
elements of soft tissue and bone missed in close one-block pattern). A fibular flap with chimeric design was then 
developed with two skin paddles, one block of the soleus muscle and one segment of the fibula to reconstruct the 
intra-oral mucosa, intermediate soft tissue and facial skin, respectively. (See Figs. 5 and 6.)

Another 44-year-old male patient was confirmed pathologically to have a squamous cell carcinoma of the 
lower gingiva that had already invaded the mandibular bone. A Type C defect combined with the mandible was 
presented after radical ablative surgery. Because of the large mass with wide invasion, this Type C defect was 
repaired with a free ALT flap only for the soft tissue, without bone reconstruction. (See Fig. 7.)

Combined with the maxilla. A 13-year-old girl presented with an extra-skeletal myxoid chondrosarcoma of the 
maxilla and received transoral radical surgery to remove the bilateral maxillary bone with preservation of a portion 
of the upper alveolar bone. This Type C defect combined with the maxilla was reconstructed by a one-compound 
free fibular flap designed by a virtual surgical planning technique. The missing upper alveolar ridge was replaced by 
a segment of fibular bone, and the intraoral soft tissue was replaced by a skin paddle. (See Fig. 8).

Discussion
Composite defects are common after ablative surgery for the treatment of advanced oral and maxillofacial can-
cers. The key problem in this scenario is that different types and multiple layers of the missing tissues need to be 
reconstructed simultaneously. In addition, three-dimensional reconstruction requires donor tissue with a flexible 
folding capability and several islands of tissues. A well-designed free flap could provide flexible and multiple 

Figure 1. This patient presented with a one-block through-and-through oral soft tissue-only defect (type A) 
that was reconstructed by a perforator-based ALT flap.
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blocks of tissue to replace the missing tissue in these complicated defects. Understanding the features of the 
defects can guide the design and harvesting of the free flap. Clinical evaluation of composite oral and maxillofa-
cial defects is an important step in the reconstruction of these defects.

The clinical evaluation of a defect determines the selection of a specific reconstructive technique8. In this 
study, we used two parameters (the elements and distribution of the missing tissues) to classify the composite oral 
and maxillofacial defects into four types. We believe this classification is an easy and applicable system, especially 
for helping to choose and design free flaps. The first parameter (elements) can indicate what types of tissue are 
needed, including skin, muscle or bone, and how many blocks of tissue should be prepared in the harvesting of 
a free flap. The second parameter (distribution) can help surgeons decide which perforators or branches should 
be based to harvest the free flap in order to obtain satisfactory insetting of different blocks of tissue without too 
much tension.

The current classification for composite oral and maxillofacial defects provided a basic framework to design a 
free flap in reconstruction. Many free flaps have been used in the reconstruction of head and neck defects, includ-
ing anterolateral thigh flaps, rectus abdominal flaps, fibular flaps, scapular flaps, iliac spine flaps, etc. The choice 
of different flaps depends not only on the features of the defect but also on the surgeons’ familiarity with specific 
techniques. The general rules are that well-designed free flaps should provide different blocks of donor tissues 
based on suitable perforators regardless of which flaps are chosen. In this study, we performed all cases using free 
ALT and fibular flaps that had been the main reconstructive techniques in our practice.

The anterolateral thigh (ALT) flap is an optimal donor for reconstructing soft tissue-only defects (Type A/B) 
because it can provide enough tissue and can be designed in many ways. Successful preparation of a chimeric 

Figure 2. A perforator-based ALT flap was designed and harvested. Two blocks of donor tissue based on two 
adjacent perforators were prepared.

Figure 3. This patient presented with two blocks of soft tissue-only defects separated far apart (Type B) that was 
reconstructed by a branch-based ALT flap.

https://doi.org/10.1038/s41598-020-61345-z
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ALT flap requires identifying at least two sizable perforators and a common vessel trunk. Understanding the 
anatomical variation of the perforators is the most important factor to guarantee the application of the chimeric 
ALT flap. Previous studies have reported that an average of four musculocutaneous perforators could be iden-
tified per thigh despite the anatomical variations in ALT flaps. Moreover, only 7% of cases presented with only 
one perforator9–11. Therefore, the probability of harvesting a perforator-based ALT flap was very high. However, 
dissecting a branch-based ALT flap is not an easy task. Because the ascending and transversal branch of the lateral 
circumflex femoral artery (LCFA) is normally high and too deep to dissect, a branch-based chimeric ALT flap is 
often dissected based on the descending and oblique branch. Anatomical studies have reported the presence of 
an oblique branch in the ALT flap in only 34% of cases9,12; therefore, a branch-based chimeric ALT flap cannot 
be definitely dissected in a specific patient. A preoperative study of the anatomy of the LCFA using ultrasound or 
other imaging techniques should be performed to help design the flap13,14. Alternative surgical plans should be 
made preoperatively. Dissecting two separate free flaps and configuring them into one flow-through flap is one 
possible method in the concept of a chimeric flap. Using the vastus muscle (with or without a skin graft) as the 
second component of the ALT flap when a second skin paddle is not possible is another reasonable back-up plan 
in some situations. In addition, double free flaps or local flaps should also be prepared and used in patients with 
anatomical variations. Fortunately, a type B or D composite oral and maxillofacial defect is quite rare in clinical 
practice. In this study, we did not have patients with a type D defect, and only one patient presented with a type 
B defect. A branch-based chimeric ALT flap was used to reconstruct this rare type B composite defect, and its 
detailed technique was reported in our previous report15.

A type C defect with bone involvement is quite common after radical surgery for oral and maxillofacial can-
cers. The reconstruction of bone, including the mandible or the upper alveolar bone, is normally needed to obtain 
a satisfactory reconstructive result. However, for some advanced patients with a high potential risk of recurrent 
cancers, simple reconstruction without restoration of the bone or with a metal plate to replace the bone may be 
a better choice. Postoperative radiation can be performed as early as possible to increase the possibility of cur-
ing the cancer. In this study, we showed a case with a type C defect reconstructed only for the soft tissue using a 
perforator-based ALT flap without bony reconstruction, just like the procedure for a type A defect.

Figure 4. A branch-based ALT flap was designed and dissected based on the descending and oblique branches 
from the lateral circumflex femoral artery.
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Figure 5. This patient presented with one-block through-and-through oral soft tissue combined with the 
mandible defect (Type C) that was reconstructed by a fibular flap with a chimeric design.

Figure 6. A fibular flap with a chimeric design with four blocks of tissue, including two skin paddles, one 
muscular block and a segment of bone, was dissected based on several perforators.
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A well-designed fibular flap is an optimistic method for the reconstruction of a type C composite oral max-
illofacial defect16. Anatomical studies have shown that cutaneous perforators can normally be identified along 
the posterior border in the middle or lower third of the fibula. The average number of cutaneous perforators was 

Figure 7. This patient with advanced cancer presented with a one-block through-and-through oral soft tissue 
combined with the mandible defect (Type C) after radical surgery. However, a perforator-based ALT flap 
was used to reconstruct only the soft tissue. The mandible was not reconstructed in consideration of the high 
potential of cancer recurrence.

Figure 8. This patient presented with a one-block oral soft tissue combined with the maxilla defect (Type C) 
that was reconstructed by a fibular free flap plus a metal plate assisted by virtual surgical planning technology.
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approximately 4 branches17,18. Our experiences demonstrated that designing two skin paddles was safe, and the 
flap could be stably dissected. Locating muscular perforators to the soleus was crucial for harvesting a chimeric 
fibular flap with blocks of muscle. A cadaveric study showed that two sizable muscular perforators to the soleus 
consistently branched from the proximal part of the peroneal artery19,20. After locating the main trunk of the per-
oneal artery, meticulous exploration should be performed to identify muscular branches to the posterior soleus 
muscle. In addition, a well-designed fibular flap is also a very good way to reconstruct a type C defect combined 
with the upper maxilla, as shown in this study. Virtual surgical planning could be used in this setting to achieve 
satisfactory positioning of the flap. Microvascular anastomosis of the short peroneal artery to the recipient vessel 
was another challenge in this case.

It should be noted that reconstruction of composite oral and maxillofacial defects using a free flap has several 
noteworthy limitations. This technique might not be applicable in some patients with anatomical variation of the 
perforator vessels, especially for the construction of branch-based ALT flaps. Identification of the perforators and 
harvesting of a free flap are tedious jobs. There is a long learning curve. To harvest a free flap may be very compli-
cated and prone to failure because of the anatomical variation, especially when performed by an inexperienced 
surgeon. The number of cases using free flaps to reconstruct oral and maxillofacial defects in the current study 
is still very small. Much work is still needed in accumulating experience and developing practical methods to 
estimate the anatomical variation preoperatively in the future.

conclusions
The current classification system may help select and design specific free flaps to reconstruct composite oral and 
maxillofacial defects. Perforator-based, branch-based ALT flaps and well-designed fibular flaps could be success-
fully used to reconstruct the respective type A, B and C defects. The existence of anatomical variations in some 
patients should be noted before the application of this surgical technique.

Received: 30 January 2019; Accepted: 24 February 2020;
Published: xx xx xxxx

References
 1. Wong, C. & Wei, F. Microsurgical free flap in head and neck reconstruction. Head. Neck. 32, 1236–1245 (2010).
 2. Liu, W. W., Yang, A. & Ou, Y. D. The harvesting and insetting of a chimeric anterolateral thigh flap to reconstruct through and 

through cheek defects. Int. J. Oral. Maxillofac. Surg. 40, 1421–1423 (2011).
 3. Wallace, C. G., Tsao, C. & Wei, F. Role of multiple free flaps in head and neck reconstruction. Curr. Opin. Otolaryngol. Head. Neck 

Surg. 22, 140–146 (2014).
 4. Wehage, I. C. & Fansa, H. Complex reconstructions in head and neck cancer surgery: decision making. Head. Neck Oncol. 3, 14–14 

(2011).
 5. Huang, W., Chen, H., Wei, F., Cheng, M. & Schnur, D. P. Chimeric flap in clinical use. Clin. Plast. Surg. 30, 457–467 (2003).
 6. Lin, Y., Lin, C. & Wei, F. More degrees of freedom by using chimeric concept in the applications of anterolateral thigh flap. J. Plast. 

Reconstr. Aesthet. Surg. 59, 622–627 (2006).
 7. Hallock, G. G. The complete nomenclature for combined perforator flaps. Plast. Reconstr. Surg. 127, 1720–1729 (2011).
 8. Liu, W. W., Zhang, C. Y., Li, J. Y., Zhang, M. F. & Guo, Z. M. A novel classification system for the evaluation and reconstruction of 

oral defects following oncological surgery. Oncol. Lett. 14, 7049–7054 (2017).
 9. Wong, C. & Wei, F. Anterolateral thigh flap. Head. Neck 32, 529–540 (2010).
 10. Karonidis, A. & Yao, S. F. Chimeric anterolateral thigh free flap for head and neck reconstruction. J. Plast. Reconstr. Aesthet. Surg. 62, 

e85–e86 (2009).
 11. Kuo, Y. et al. Versatility of the anterolateral thigh flap with vascularized fascia lata for reconstruction of complex soft-tissue defects: 

clinical experience and functional assessment of the donor site. Plast. Reconstr. Surg. 124, 171–180 (2009).
 12. Wong, C. S., Wei, F., Fu, B., Chen, Y. & Lin, J. Z. Alternative vascular pedicle of the anterolateral thigh flap: the oblique branch of the 

lateral circumflex femoral artery. Plast. Reconstr. Surg. 123, 571–577 (2009).
 13. De Beule, T. et al. Anatomical variations and pre-operative imaging technique concerning the anterolateral thigh flap: guiding the 

surgeon. Br. J. Radiol. 89, 20150920 (2016).
 14. Patel, R. S., Higgins, K. M., Enepekides, D. J. & Hamilton, P. A. Clinical utility of colour flow Doppler ultrasonography in planning 

anterolateral thigh flap harvest. J. Otolaryngol. Head. Neck Surg. 39, 566–571 (2010).
 15. Liu, W. W. & Guo, Z. M. Reconstruction of Wide-apart Double Defect Using a Branch-based Chimeric Anterolateral Thigh Flap. 

Plast. Reconstr. Surg. Glob. Open. 2, e96 (2014).
 16. Roan, T. et al. A modified free chimeric osteocutaneous fibular flap design for head and neck reconstruction: experience on a series 

of 10 cases. Microsurgery. 33, 439–446 (2013).
 17. Papadimas, D., Paraskeuopoulos, T. & Anagnostopoulou, S. Cutaneous perforators of the peroneal artery: Cadaveric study with 

implications in the design of the osteocutaneous free fibular flap. Clin. Anat. 22, 826–833 (2009).
 18. Wong, C. & Tan, B. Three-step approach to the harvest of the fibula osteoseptocutaneous flap. J. Trauma. 69, 459–465 (2010).
 19. Wong, C., Ong, Y., Chew, K., Tan, B. & Song, C. The fibula osteoseptocutaneous flap incorporating the hemisoleus muscle for 

complex head and neck defects: anatomical study and clinical applications. Plast. Reconstr. Surg. 124, 1956–1964 (2009).
 20. Cheng, M. et al. Osteomyocutaneous peroneal artery-based combined flap for reconstruction of composite and en bloc mandibular 

defects. Head. Neck. 31, 361–370 (2009).

Acknowledgements
This work was partly supported by the Science and Technology Program of Fujian Province, China (No. 
2018Y2003).

Author contributions
Xi Yu Yao and Hui Liu collected clinical data, analysed the data and wrote the main manuscript text. Wei Wei Liu 
designed the study, collected clinical data, provided pictures, created tables and revised the whole manuscript. All 
authors reviewed the manuscript.

https://doi.org/10.1038/s41598-020-61345-z


1 0Scientific RepoRtS |         (2020) 10:4300  | https://doi.org/10.1038/s41598-020-61345-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.W.L.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-61345-z
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Reconstruction of composite oral and maxillofacial defects by free flaps based on a new classification
	Patients and Methods
	Patients. 
	Classification. 
	Reconstructive solutions. 

	Results
	Type A defects. 
	Type B defects. 
	Type C defects. 
	Combined with the mandible. 
	Combined with the maxilla. 


	Discussion
	Conclusions
	Acknowledgements
	Figure 1 This patient presented with a one-block through-and-through oral soft tissue-only defect (type A) that was reconstructed by a perforator-based ALT flap.
	Figure 2 A perforator-based ALT flap was designed and harvested.
	Figure 3 This patient presented with two blocks of soft tissue-only defects separated far apart (Type B) that was reconstructed by a branch-based ALT flap.
	Figure 4 A branch-based ALT flap was designed and dissected based on the descending and oblique branches from the lateral circumflex femoral artery.
	Figure 5 This patient presented with one-block through-and-through oral soft tissue combined with the mandible defect (Type C) that was reconstructed by a fibular flap with a chimeric design.
	Figure 6 A fibular flap with a chimeric design with four blocks of tissue, including two skin paddles, one muscular block and a segment of bone, was dissected based on several perforators.
	Figure 7 This patient with advanced cancer presented with a one-block through-and-through oral soft tissue combined with the mandible defect (Type C) after radical surgery.
	Figure 8 This patient presented with a one-block oral soft tissue combined with the maxilla defect (Type C) that was reconstructed by a fibular free flap plus a metal plate assisted by virtual surgical planning technology.
	Table 1 The clinical features of seventeen patients with composite oral and maxillofacial defects reconstructed using free flaps.
	Table 2 Classification of the composite oral and maxillofacial defects.
	Table 3 The reconstructive algorithm for different types of composite oral and maxillofacial defects.




