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A B S T R A C T   

Introduction: The reconstruction of both extra- and intra-oral soft tissue defects, particularly in 
restoring the morphology of the lip and the corners of the mouth, has posed a significant chal-
lenge for surgeons. Inappropriate methods often lead to maxillofacial deformity which then 
causes psychological and functional problems. This study aimed to address the challenge of 
reconstructing extensive and complex maxillofacial soft tissue defects, mainly focusing on the lip, 
the corners of the mouth, and the surrounding areas. 
Materials and methods: We developed a reconstruction approach by combining the 3dMDface 
System (3dMD) with the cone beam computed tomography (CBCT). Firstly, with the extra-oral 
incision line, we evaluated the shape and the size of the extra-oral defect with 3dMD digitally. 
Then we used the corresponding maxillary and mandible tooth positions to record the intra-oral 
defect, which was then converted to digital images by combining 3dMD and CBCT. The islands of 
the anterolateral thigh perforator flap were then designed after the locations of the perforators 
were detected with Doppler ultrasonography. 
Results: A clinical case diagnosed as dermatofibrosarcoma protuberans was presented to illustrate 
the approach. The patient’s tumor resection and the size of multiple defects were measured and 
simulated via the virtual surgery system. A three-island perforator flap from the descending 
branch of the lateral femoral circumflex artery was designed accurately. Two weeks post-
operatively, the flap was healed as anticipated and the patient was satisfied with the profile. 
Conclusion: The combination of the 3dMD and CBCT technologies improves the accuracy and 
fitness of extra- and intra-oral soft tissue reconstruction.  
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1. Introduction 

Defects affecting multiple regions in oral and maxillofacial tissue present a prevalent challenge for practitioners in the field of oral 
and maxillofacial surgery [1]. Due to the complex anatomical structure and function of the head and neck region, these defects, 
characterized by apparent irregularities and asymmetry, are particularly difficult to address [2]. Appropriate reconstruction is of 
critical importance for aesthetics and maintaining essential functions [3]. Deficiencies caused by inappropriate reconstruction may 
result in functional issues with chewing, swallowing, speech, and breathing, consequently leading to psychological problems including 
diminished self-esteem, anxiety, and depression [4]. 

In clinical practice, various methods are commonly used for soft tissue reconstruction, including free or pedicled flaps, prostheses, 
skin grafts, and biocompatible polymer-based materials [5–7]. For large-area and multi-site soft tissue defects, the use of free vas-
cularized flap has become one of the most reliable and versatile options [8]. Moreover, with the advancements in digital technology, 
perforator flaps can now be meticulously designed as branched structures, offering enhanced flexibility and precision [9]. The chal-
lenge for clinicians now lies in integrating various technologies to address the diverse and ever-evolving surgical needs. For example, 
the 3dMDface System (3dMD) is renowned for its exceptional precision in capturing highly detailed three-dimensional images of 
human subjects. Unlike CT soft tissue reconstruction model, 3dMD offers distinct advantages, including enhanced surface detail, 
accurate texture, color reproduction, radiation-free imaging, and comprehensive visualization [10,11]. Its compatibility with 
cone-beam computed tomography (CBCT) further enhances its utility, allowing for comprehensive assessment of both surface and 
volumetric imaging. This integration facilitates precise treatment planning in complex cases like reconstruction surgery, orthognathic 
surgery and dental implant placement [12]. 

When addressing soft tissue defects impacting both extra- and intra-oral regions, clinicians face a significant challenge in accurately 
designing the branched flaps [13]. One particular challenge arises in cases involving the corners of the mouth, where reconstructing 
the morphology of the lips and the corners of the mouth is especially difficult [14]. In this study, we aimed to address this challenge. 
We designed a novel approach in which the number, shape, and size of skin islands of perforator flaps were designed precisely by 
combining the 3dMD with CBCT. To illustrate the implementation of this approach, we presented a case of maxillofacial dermatofi-
brosarcoma with multiple masses and evaluated the postoperative reconstruction outcomes. 

2. Materials and methods 

2.1. Study design and setting 

The study was authorized and conducted by the Department of Oral and Maxillofacial Surgery, Xiangya Hospital, Central South 
University, Changsha, Hunan province, China. It aimed to introduce a new approach that combines 3dMD with CBCT technology for 
digitally designing the reconstruction of both extra- and intra-oral soft tissue defects. A clinical case was presented to illustrate the 
approach. The study received approval from the Medical Ethics Committee of Xiangya Hospital, Central South University (approval no. 
202201016). Consent was obtained for experimentation with human subjects. The privacy rights of human subjects were observed. 

2.2. Participants 

This approach is applicable for cases involving both extra- and intra-oral soft tissue defects, particularly those that affect the corners 
of the mouth. The patients’ demographics, including age, sex, pathology, lip defect, size of extra- and intra-oral soft tissue defects, 
number of flap islands, size of flap islands, donor site position, long-term complications, follow-up time, and status, are considered 
(Table 1). 

The inclusion criteria comprised: 1) Patients with extra- and intra-oral defects of maxillofacial soft tissue without any obvious bone 
defects after resection. Extra-oral soft tissue defects may include those in the frontofacial region, orbital region, nasal region, 
infraorbital region, zygomatic region, buccal region or lip region. 2) The size of the donor site should be sufficient to meet the 

Table 1 
Patient demographics.  

Age/Sex Pathology Lip Defect Extra- 
oral 

Defect 
Size 

(cm2) * 

Intra- 
oral 

Defect 
Size 

(cm2) * 

Number of 
Flap 

Islands 

Size of Flap 
Islands 
(cm2) * 

Donor Site 
Position 

Long-term 
Complications 

Follow-up 
(months) 

Status 

45/ 
Male 

Dermatofibrosarcoma 
protuberans 

Upper lip & 
right corner 
of the mouth 

64.67 22.34 3 Island 1 
15.67 

Island 2 
49.00 

Island 3 
22.34 

Anterolateral 
thigh 

Ectropion** 24 Alive 
without 
relapse 

*All data were obtained with preoperative simulation. 
* The ectropion was due to the post-operative radiotherapy and did not appear within the first six months after the surgery. 
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requirements for reconstruction. Specifically, the surface area of healthy anterolateral femoral skin should be larger than the defect 
area. 3) The location of the lateral femoral circumflex artery perforators should align with each designed flap island to ensure a proper 
match. 

The exclusion criteria comprised: 1) Soft tissue defects affected both sides of the oral and maxillofacial region and did not have a 
mirror symmetry reference. 2) Presence of trauma, scars, color changes, or other deformities in the skin of the donor site. 3) Patients 
with surgical contraindications, including severe signs and symptoms of peripheral artery disease of the lower extremities. One patient 
was included in this study. The participant’s rights were protected, and informed consent was obtained from the participant for the 
presentation of this paper and accompanying images. 

2.3. Virtual surgical planning 

The 3dMD images were recorded using the 3dMDface.t System (3Q Technologies, Atlanta, GA, USA) and analyzed with the image- 
processing software 3dMDvultus (3dMD, Atlanta, GA, USA). This noninvasive 3D surface scanner employs active stereo-
photogrammetry and random infrared speckle projection to capture both pattern-projected and nonpattern-projected white light 
images simultaneously, capturing at 10 frames per second, with an accuracy of 0.2 mm [11]. The cone-beam CT scans were obtained 
using a CBCT scanner (KaVo 3D eXam, Germany) with the following properties: 230V, 5A, thickness 0.250 mm, 50/60Hz, and 1150VA. 

All of the scans and images were necessary for diagnosis and treatment planning, and were taken by experienced doctors. The CBCT 
data were stored in DICOM format, and the 3dMD data were stored in BMP format. The measurements and analysis of both formats 
were directly processed into the image-processing software 3dMDvultus. And Rhinoceros 3D (Robert McNeel and Associates for 
Windows, Washington DC, USA) was used to planarize the flap model. 

Firstly, we marked the extra-oral incision line 5 mm outside the tumor boundary. Then 3DMD and CBCT examinations were 
performed on the patient. The shape, size, and curve of the extra-oral defect were evaluated using the 3dMDface.t System digitally, by 
mirroring the other side (Fig. 1A). To evaluate the intra-oral defect, we marked the incision margin by recording the positions of the 
corresponding maxillary and mandible teeth, which were located 5 mm outside the tumor boundary. The intra-oral defect was then 
evaluated and converted into digital images by combining the 3dMD and CBCT files (Fig. 1B). The virtual surgical schematic (Fig. 1) 
was based on the author’s actual photos and images, and has been authorized and agreed upon. 

The defects were reconstructed using multiple islands of perforator flap sourced from the descending branch of the lateral femoral 
circumflex artery. The curve surface of the reconstructed flap islands was transformed into a plane using Rhinoceros 3D software. 
Subsequently, the morphology of the flap islands was printed at a 1:1 ratio using 3D printing technology. Doppler ultrasonography was 
then used to accurately locate the perforators at the donor site. Finally, the design was completed by placing the printed models of flap 
islands on the donor site. 

The step-by-step protocols of virtual surgical planning can be summarized below: 1) mark the boundary of defects; 2) take 3dMD 
and CBCT; 3) evaluate the extra-oral defect; 4) segment extra-oral defect (if necessary); 5) mirror the other side over; 6) design extra- 
oral flap island models; 7) locate intra-oral incision margin; 8) evaluate the intra-oral defect; 9) design intra-oral flap island models; 
10) planarize the flap island models; 11) print the flap island models; 12) choose donor site; 13) take doppler ultrasonography; 14) 
design flap island locations. 

Fig. 1. The extra- and intra-oral flap islands were designed by the combination of 3dMD and CBCT digitally. 
(1A) Yellow area shows the size and shape of the extra-oral flap. (1B) Yellow area shows the size and shape of the intra-oral flap. 
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2.4. Surgical techniques 

The Weber-Ferguson incision was used for enlarged tumor excision (Fig. 2A–B). The anterolateral thigh perforator flap (ALTP) was 
chosen for the reconstruction after radical resection. 

The ALTP harvesting method was previously described [8]. In summary, prior to surgery, the perforators were marked and the 
shape of the flap islands was drawn on the anterolateral thigh region. During surgery, the perforators were dissected retrogradely to the 
descending branch of the lateral circumflex femoral artery (LCFA), while maintaining the integrity of the fascia lata. The branch artery 
and vein of the LCFA were then anastomosed with the facial artery and vein to reconstruct the defect region. Each flap island was 
placed according to the preoperative design to restore the morphology and three-dimensional aesthetic contour of the soft tissue. Flap 
Island 1 was used for the reconstruction of the extra-oral soft tissue defect, while Flap Island 2 was used to restore the intra-oral lip and 
buccal mucosa (Fig. 2C–D). 

2.5. Follow-up 

A two-year follow-up was planned before surgery. After discharge, the patient would be followed up monthly in the first six months, 
and every six months thereafter. Besides, the physical examination, evaluation of complications, psychology status and appearance 
would be carried out every time the patient came for visit. 

2.6. Effect evaluation 

Following the surgery, 3dMD scans were utilized to evaluate the aesthetic and symmetry of the oral and maxillofacial region 
morphology upon the patient’s discharge. To conduct a quantitative analysis, we selected five indices: nasolabial angle, total upper lip 
height, length of the right upper lip, length of the left upper lip, and mouth width. In 2016, Jodi Caple and Carl N. Stephan proposed a 
standardized nomenclature for craniofacial and facial anthropometry [15]. And we providing the explanation of each index below, all 
landmarks are soft tissue marks. 

Nasolabial angle refers to the angulation calculated from intersecting lines drawn from the Pronasale point to the Subnasale point 

Fig. 2. The Surgical method diagram. 
(2A) The resection range was marked 5 mm outside the tumor boundary. (2B) Weber-Ferguson incision was used for enlarged tumor excision. (2C) 
The ALTPs were harvested for extra- and intra-oral reconstruction. (2D) Expected postoperative recovery. 
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and from the Labial superius point to the Subnasale point. The Pronasale point is the most anteriorly protruded point of the apex nasi. 
The Subnasale point is the median point at the junction between the lower border of the nasal septum and the philtrum area. The Labial 
superius point is the midpoint of the vermilion border of the upper lip. 

Total upper lip height is the linear distance between the Subnasale point and the Stomion point. The Stomion point is the midline 
point of the labial fssure when the lips are naturally closed, with teeth shut in the natural position. If the Stomion point is not in the 
midline, it is located below the philtrum. Length of the upper lip (right and left) is the linear distance between the Labial superius point 
and the Cheilion point. The Cheilion point is a bilateral point and represents the outer corners of the mouth where the outer edges of 
the upper and lower vermilions meet. Mouth width refers to the linear distance between the two sides of the Cheilion points. 

2.7. Quality control and statistics 

All researchers underwent the same training and followed identical measurement standards. Two researchers, unaware of the 
group information, independently conducted three measurements for each case. The deviations of quantitative indices before and after 
surgery were then calculated. 

3. Results 

3.1. Clinical case 

A case in May 2021 was selected to illustrate the design protocol and implementation. The patient, a 45-year-old male, was 
diagnosed with maxillofacial dermatofibrosarcoma protuberans at Xiangya Hospital of Central South University (Fig. 3A–C). Ten years 
ago, a mass was discovered in the infraorbital region and was surgically removed without undergoing a pathological examination at a 
local hospital. Five years later, the tumor recurred and grew larger in its original location, which was surgically removed at the local 
hospital. Following the secondary resection, the defect was covered using a free skin graft. The postoperative pathological diagnosis 
confirmed ’dermatofibrosarcoma protuberans’. Over the past two years, the tumor recurred for the second time, and its growth rate 
accelerated. Multiple areas, including the superciliary arch, nasal dorsum, inner canthus, infraorbital, zygomatic, buccal, and intra- 
oral buccal and lip mucosa regions, have been affected. Intra-oral examination revealed significant swelling of the right upper lip 
and buccal mucosa, along with multiple hard masses extending from facial tumors (Fig. 3 D). The orifice of the parotid duct remained 
unaffected (Fig. 3E). Pathology consultation, magnetic resonance imaging (MRI), CBCT, and positron emission tomography-computed 
tomography (PET-CT) examinations were conducted at our hospital, confirming the presence of multiple masses in the skin, mucosa, 
and subcutaneous tissues (Fig. 3F–J). 

3.2. Digital design for reconstruction of extra- and intra-oral defects 

The preparation of the therapeutic schedule involved several steps. First, the tumor boundary was determined through palpation, 
combining imagological examination and marked with a black marker pen (Fig. 3A). The teeth positions corresponding to the intra- 
oral resection margin were recorded (Fig. 3 D). Then, a three-dimensional profile was created digitally using the 3dMDface System and 
the image-processing software 3dMDvultus (Fig. 4A). The extra-oral resection margin was marked 5 mm outside the tumor boundary 
digitally with a red line. To reconstruct this marked area, the other side was digitally mirrored to match the defect area. The extra-oral 
area was large and had an irregular shape, making it difficult to harvest one flap island to complete the reconstruction. Therefore, we 
separated it into two areas (Area 1st: 15.669 cm2, volume: 2.761 cc; Area 2nd: 49.000 cm2, volume: 20.045 cc) to facilitate the 
harvesting of a multiple-island perforator flap (Fig. 4 B–C). 

Fig. 3. Preoperative examination of the patient. 
(3A-C) Tumors and the ranges marked by lines. (3D-E) Intra-oral examination. (3F) Pathological diagnosis in 20 × . (3G) Pathological diagnosis in 
40 × . (3H-J) MRI images. 

K. Guo et al.                                                                                                                                                                                                            



Heliyon 10 (2024) e32513

6

To facilitate the reconstruction of the intra-oral lip and buccal mucosa, CBCT images were used in conjunction with 3dMD images to 
simulate the size and shape of the intra-oral defect. Based on the palpation and imagological examination, it was recommended to 
resect the lip and buccal mucosa from the distal plane of the maxillary right first molar to the distal plane of the maxillary left central 
incisor. 

The upper boundary of the intra-oral defect was set 3–4 mm above the root apex of the maxillary right permanent canine, running 

Fig. 4. Digital simulation and reconstruction design. 
(4A) Three-dimensional profile made with the 3dMDface System digitally; excision margin was marked with red line; the extra-oral defect was 
separated into 2 areas. (4B) The shape of flap island 1. (4C): The shape of flap island 2. (4D-E) CBCT image was projected to 3dMD image to design 
the intra-oral flap. (4F) The shape of the intra-oral defect region. 
(4G-H) The curved surface of the flap island 2 was expanded into a plane. (4I) The flap island 2 was printed in a 1:1 ratio. (4J-L) Three perforators 
from the descending branch were located on the anterolateral thigh region with the use of color Doppler flow imaging. (4M-N) The flap islands were 
printed and mapped on the anterior thigh to design the three-island perforator flap. 

Fig. 5. Intraoperative and postoperative images of the patient. 
(5A) The tumors were removed to the bone surface. (5B-D) Postoperative photographs of the patient when hospital discharge. (5E) Front 3dMD 
image before surgery. (5F) Side 3dMD image before surgery. (5G) Front 3dMD image when hospital discharge. (5H) Side 3dMD image when 
hospital discharge. 
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parallel to the vermilion border. This was done to reconstruct the maxillary vestibule groove. The lower boundary was set according to 
the left (unaffected side) corner of the mouth, parallel to the curve of occlusion, in order to reconstruct the transition between the 
vermilion and inner lip mucosa. Further minor adjustments were made to ultimately determine the intra-oral defect (Area 3rd: 22.343 
cm2, volume 6.798 cc) (Fig. 4D–F). 

3.3. Digital design for perforator flap islands 

Then a three-island perforator flap was designed from the descending branch of the lateral femoral circumflex artery according to 
the three areas identified above. The curved surfaces of the three areas were transformed into planes using Rhinoceros 3D software and 
printed in a 1:1 ratio (Fig. 4G–I). Prior to the surgery, the three perforators of the descending branch were located on the anterolateral 
thigh region with the assistance of Doppler ultrasonography (Fig. 4J–L). The printed areas were then mapped onto the anterolateral 
thigh region to determine the size and area of the three islands of the flap (Fig. 4M–N). 

3.4. Surgical procedure and follow-up 

The surgery began with the removal of the tumors, which were completely excised down to the bone surface (Fig. 5A). We then 
proceeded to harvest a three-island perforator flap from the descending branch of the lateral femoral circumflex artery (LCFA). Flap 
Island 1 was used for reconstructing the superciliary arch, nasal dorsum, and inner canthus. Flap Island 2 was used for reconstructing 
the infraorbital, zygomatic, and buccal regions. Flap Island 3 was used for restoring the intra-oral lip and buccal mucosa. During the 
operation, the artery and vein of the descending branch of the lateral femoral circumflex artery were anastomosed with the facial 
artery and vein. The extensive and complex maxillofacial soft tissue defects were successfully covered, resulting in accurate and 
smooth reconstruction. The patient was satisfied with the postoperative appearance. 

Postoperative observation and care revealed that the flap had a satisfactory blood supply with no occurrence of complications. The 
patient achieved an aesthetically pleasing facial profile (Fig. 5B–D). Two weeks after the surgery, the patient was discharged and 
subsequently followed up monthly for the first six months and every six months thereafter. During each visit, a physical examination, 
evaluation of complications, assessment of psychological status, and evaluation of appearance were conducted. The postoperative 
pathological diagnosis was ’maxillofacial dermatofibrosarcoma protuberans’. After the initial six months, the patient requested to 
return to his hometown and underwent a course of radiation therapy (200.0 cGy each time for 30 sessions) at the local hospital. Six 
months later, during his follow-up visit, the patient developed ectropion as a result of the radiation therapy. Over the next year, the 
patient was followed up every three months. There was no disease recurrence, and the condition of the eyelids improved. 

3.5. Effect evaluation 

The morphology of the aesthetic and symmetry of reconstruction was assessed by measuring the nasolabial angle, total upper lip 
height, length of the right upper lip, length of the left upper lip, and mouth width. A comparison was made between the preoperative 
and postoperative data of the patient (Table 2, Fig. 5E–H). The results showed that the nasolabial angle increased by 5◦. Following the 
resection and reconstruction of the tumor, the total upper lip height decreased by 0.8 cm, the mouth width also decreased by 0.3 cm, 
and the lengths of the right and left upper lip became equal. 

4. Discussion 

The precision reconstruction of oral and maxillofacial defects is emerging as a trend. Surgeons are striving to achieve a seamless 
integration of aesthetic and functional recovery by accurately reconstructing the affected area. Extensive research and application of 
digital reconstruction techniques have been focused on hard tissues, such as teeth and bones [16]. For instance, CBCT can accurately 
simulate hard tissue structures, facilitating more precise assessments of bone volume, density, and other critical parameters [17]. 
Three-dimensional printing technology can be utilized to create personalized models of teeth and bones, either for pre-surgical 
planning or as direct implant materials [18]. In contrast, research on digital reconstruction of soft tissues remains limited. While 
3dMD serves as an advanced facial scanning instrument capable of simulating facial soft tissue morphology, it provides a relatively 
accurate assessment of key soft tissue parameters such as area and volume [11]. The challenge for clinicians now lies in integrating 

Table 2 
Effective evaluation of the morphology after reconstruction.   

Nasolabial angle Total upper lip height Length of The Right Upper Lip Length of The Left Upper Lip Mouth width 

Pre-operation 104◦ 2.8 cm 3.0 cm 2.7 cm 5.3 cm 
Post-operation 109◦ 2.0 cm 2.7 cm 2.7 cm 5.0 cm 
Deviation +5◦ − 0.8 cm − 0.3 cm 0 0.3 cm 

*All data were evaluated by the 3dMD images. 
**All landmarks were soft tissue marks. 
***All researchers underwent the same training and followed identical measurement standards. Two researchers, unaware of the group information, 
independently conducted three measurements for each case. 
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various technologies to meet the diverse and evolving surgical needs. 
The three-dimensional nature of the oral and maxillofacial region presents a significant challenge for soft tissue reconstruction. In 

clinical practice, various approaches such as soft tissue flaps, prostheses, skin grafts, composite free flaps, and biocompatible polymer- 
based materials are commonly used [10,19]. Currently, biocompatible polymer skin implants play a crucial role in reconstructing soft 
tissue defects in the maxillofacial region. Their versatility allows for application in various soft tissue reconstruction procedures, 
including those for facial trauma, tumor resection, and congenital deformities [20,21]. However, when confronted with extensive 
defects affecting both extra- and intra-oral regions, they lack sufficient tissue attachment and are therefore not suitable. Traditional 
perforator flaps, which are designed and manipulated by surgeons based on the defect area and shape, may require additional 
trimming before reconstruction. Consequently, although traditional perforator flaps may adequately cover the defect, the functionality 
and appearance may not always be optimal [22]. To overcome this issue, we employed a mirror symmetry approach by 3dMD to 
virtually reconstruct the ideal three-dimensional structure of the defected area. Utilizing this model, we can accurately measure the 
area and volume, thereby facilitating planarized printing to tackle this intricate challenge. 

Reconstruction surgeons have long faced the challenge of treating combined extra- and intra-oral defects, especially in restoring the 
morphology of the lips and the corners of the mouth [7,23,24]. Smaller defects can be addressed with local flap transfers, larger areas 
necessitate the use of prostheses or free flaps [5,6]. While 3D-printed prostheses, when combined with digital design, have demon-
strated potential in restoring facial aesthetics, free flaps for soft tissue reconstruction offer advantages in tissue mobility and comfort. 
However, using free flaps for reconstructing large and intricate defects also requires careful consideration of the flap design and the 
donor site selection [25]. In our innovative approach, we have utilized a combination of 3dMD and CBCT technologies to create a 
unified digital reconstruction design for the corners of the mouth. The 3dMD technology allows us to plan the excision scope in 
advance, while the integration of CBCT provides us with a three-dimensional structure and volume of the defect area, thereby 
facilitating accurate flap design. Especially, the reconstruction of the lip’s morphological shape, taking into account both soft and hard 
tissue factors with the assistance of CBCT, is crucial in ensuring the desired facial appearance post-surgery. 

The nasolabial angle, as well as the length and height of the lip, are commonly used as aesthetic evaluation indicators following 
nasolabial reconstructive surgery [26–28]. In this case, the tumor led to swelling and protrusion of the upper lip, causing a decrease in 
the nasolabial angle and asymmetry between the left and right sides. Following the removal of the tumor and the subsequent 
reconstruction of the defect, the patient’s lip deficiencies were corrected, the nasolabial angle increased, the height of upper lip 
decrease, and symmetry was restored to the upper lip. While the deviations may not be statistically significant, they hold clinical 
significance. 

Despite the effective reconstruction of patients’ facial morphology through this method, it is important to discuss its limitations and 
explore further directions. Firstly, due to the limited sample size, there may still be more potential risks and challenges that need to be 
addressed in future studies. A larger patient cohort is needed to validate the custom reconstruction approach. Additionally, this method 
is unsuitable for patients with bilateral involvement, as it lacks a mirror reference. In such cases, facial transplantation has been 
proposed as a viable alternative for individuals with extensive bilateral facial involvement. Moreover, patients with malignant tumors 
may require postoperative radiotherapy, potentially leading to flap atrophy and malnutrition. Although we attempted to avoid the 
involvement of the eyelids in our design, oncology consultations indicated the necessity of postoperative radiotherapy, ultimately 
resulting in the development of ectropion. Furthermore, the appearance could be further improved if we take consideration of the 
thickness, elasticity, and plasticity of the flap. The intrinsic thickness of the flap plays a critical role in its long-term survival and may 
impact the postoperative appearance. The combination of 3dMD and CBCT provides us with the tissue thickness of the defect area. 
Further measuring the subcutaneous thickness of the donor skin by ultrasonography may help us select the optimal donor site. 
However, considering the elasticity characteristics of soft tissues requires a comprehensive approach that combines preoperative 
imaging, patient-specific modeling, biomechanical analysis, intraoperative assessment, and surgical expertise. 

In the future, we plan to continue integrating the applications of 3dMD and CBCT to enhance surgical planning and outcomes. By 
combining these technologies, we hope to refine patient-specific modeling and biomechanical analysis, thereby enabling us to design 
perforator flaps with improved flexibility and accuracy. These will allow us to determine the precise shape, size, and thickness of the 
defect areas and match them with the flaps, thereby optimizing surgical outcomes. We firmly believe that the combination of 3dMD 
photogrammetry and CBCT scans provides a highly accurate and innovative approach for reconstructing extensive and complex defects 
in oral and maxillofacial surgery, demonstrating excellent fitness and feasibility. 

5. Conclusion 

The combination of 3dMD and CBCT technologies enhances the accuracy and fitness of extra- and intra-oral soft tissue defect 
reconstruction. This approach shows potential for advancements in oral and maxillofacial surgery, improving functionality and aes-
thetics through digital planning and personalized flap design. 
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