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abstract

introduction. Reconstruction of soft tissue defects after radical surgeries in cancer patients is important for 
early surgical rehabilitation and improving quality of life. Our study presents technologies for virtual surgical 
planning (VsP) of soft tissue defect reconstruction in patients with squamous cell carcinoma of the oral cavity. 
Case presentation. We described VsP in a report of a 54-year-old patient with locally advanced buccal 
mucosa cancer after extensive radical resection and reported the results. VsP was used to construct a 3d 
model from Ct images, which was used to accurately assess the margin of radical surgical resection, as well 
as to develop individually based reconstruction of soft tissue defects. next, we reported a series of cases of 
patients with oral cancer of various locations, who, after radical surgery, underwent reconstruction with using 
of VsP (n=7) or conventional reconstruction (n=10). a comparative analysis of intra and postoperative results 
was carried out. Results. in a patient with locally advanced left buccal mucosa cancer, reconstruction of the 
postoperative defect was successful without local complications after reconstruction. Good functional and 
aesthetic results were obtained. the patient was observed for 2 years without signs of disease. a comparative 
assessment of the results of the main and control groups showed that patients in the VsP group had a shorter 
operation time and postoperative hospital stay, as well as fewer and milder postoperative local complications in 
comparison with the control group. Conclusion. Our results showed the effectiveness of using 3d technology in 
reconstructive surgery of soft tissue defects after radical surgery for oral sCC. this technology has significantly 
reduced operative time, hospital stay, and improved flap utilization. this method has great potential for wider 
application and provides greater benefits with further improvement of technology.
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Аннотация

Введение. Реконструкция дефектов мягких тканей после радикальных операций у онкологических 
больных важна для ранней хирургической реабилитации и улучшения качества жизни. В нашем ис-
следовании представлены технологии виртуального хирургического планирования (ВХП) реконструкции 
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дефектов мягких тканей у больных с плоскоклеточным раком полости рта. Описание клинического 
случая. Представляем результаты применения методики ВХП при обширной радикальной резекции по 
поводу местнораспространенного рака слизистой оболочки щеки у пациента 54 лет. С помощью ВХП 
на основе КТ-изображений построена 3d-модель, которая использовалась для точной оценки границ 
радикальной резекции, а также для индивидуальной реконструкции дефектов мягких тканей. Далее 
мы сообщили о серии случаев больных раком полости рта, которым после радикальной операции про-
ведена реконструкция с использованием ВХП-технологии (n=7) или традиционными методами (n=10). 
Проведен сравнительный анализ интра- и послеоперационных результатов. Результаты. У больного 
местнораспространенным раком слизистой оболочки левой щеки c реконструкцией  образовавшегося 
дефекта послеоперационный период протекал без осложнений, получены хорошие функциональные 
и эстетические результаты. Больной наблюдался в течение 2 лет без признаков заболевания. Сравни-
тельная оценка результатов показала, что у пациентов с ВХП были короче продолжительность операции 
и сроки послеоперационного пребывания в стационаре, а также меньшее количество и более легкие 
послеоперационные осложнения по сравнению с контрольной группой. Заключение. Наши результаты 
показали эффективность использования 3d-технологии в реконструктивной хирургии дефектов мягких 
тканей после радикальных операций по поводу плоскоклеточного рака полости рта. Эта технология 
позволила значительно сократить время операции и пребывания в больнице, а также улучшить ис-
пользование лоскута. Этот метод имеет большой потенциал для более широкого применения и дает 
большие преимущества при дальнейшем совершенствовании технологии.

Ключевые слова: рак полости рта, радикальная хирургия, реконструкция мягких тканей, виртуальное 
хирургическое планирование.

Introduction
Oral squamous cell carcinoma (SCC) is by far the 

most common type of head and neck cancer worldwide 
[1]. Despite the fact that cancer of this localization 
can be detected at an early stage, patients are often 
diagnosed with it in the later stages. Radical surgical 
resection is a key component of interdisciplinary ap-
proaches to the treatment of this category of patients 
[2–5]. Both the tumor itself and extensive surgical 
resection can cause large and complex defects, which 
subsequently affect the functional and aesthetic re-
sults, so the reconstruction of defects is important 
to achieve an optimal quality of life in this group of 
cancer patients [6–8].

In the conventional surgical treatment of this group 
of patients, surgeons often rely on their own clinical 
experience for tumor resection, flap preparation, and 
defect reconstruction. Due to the complex anatomy 
and special functions of the affected areas, it is dif-
ficult to achieve accurate flap preparation and defect 
reconstruction, as well as to achieve ideal functional 
and aesthetic results.

 Over the past few years, 3D virtual planning tech-
nology and individual patient planning have revolu-
tionized head and neck bone reconstruction. This led to 
a reduction in the operation time and good functional 
and aesthetic results. Digital technology is increasingly 
being used to assist in the reconstruction of bones [9, 
10]. Despite these achievements, the practice of 3D 
technology in the reconstruction of soft tissue defects 
of the head and neck is poorly understood. Due to the 
complex surfaces of this area, as well as soft tissue 
elasticity and irregular spatial structure, very few stud-
ies have used digital technologies to reconstruct soft 
tissue defects. In our opinion, this is an area where the 
same advantages can be applied. We are representing 
two clinical cases of implementation of VSP (virtual 
surgical planning) for preoperative planning of sub-

mental flap (SMF) transfer in post resection buccal 
mucosa defect reconstruction and compared the clini-
cal data of reconstruction for other localizations of soft 
tissue defects of the oral cavity in patients using VSP 
technology or without it.

Material and Methods
Current study was performed on 17 patients with 

SCC of the mouth and skin of the head and neck in 
period of 2020–23 in Departments of Oral and Maxil-
lofacial surgery and Head and Neck Tumors surgery of 
Azerbaijan Medical University. After radical surgeries 
for locally advanced SCC, reconstruction of soft tissue 
defects was performed in 7 patients using VSP, and in 
the remaining 10 using the conventional method. In 
all cases, clinical, radiological and laboratory exami-
nations were performed preoperatively. Moreover, in 
all cases, preoperative biopsy and subsequent patho-
logical conformation of squamous cell carcinoma was 
obtained. 

According to our department’s protocol for pr-
eoperative assessment of tumor cases, all patients 
underwent contrast CT scan of the head and neck for 
primary tumor and regional metastasis detection. Ac-
cumulated data were well documented and used for 
subsequent computer assisted preoperative planning. 
The data obtained were analyzed using Fishers exact 
test. The statistical processing of the obtained indica-
tors was carried out using biometric methods: the 
average value (M) used in statistics of variations, the 
average error of the average value (m), the maximum 
(max) and minimum (min) values, and Student’s crite-
rion (t). Statistical analysis was performed with SPSS 
version 23.0 for Windows (SPSS, Chicago, Illinois, 
USA). A two-sided p<0.05 was defined as stasticially 
significant.

Computed assisted simulation was performed on 
Materialise Mimics Research 21.0 software. The data 
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obtained from VSP were also well documented and 
used as a reference during surgery. 

Case presentation
The 54-year-old male patient visited our clinic 

with a tumor on the mucosa of the left cheek. As a 
result of the examination, the patient was diagnosed 
with squamous cell carcinoma of the left cheek mu-
cosa (T3N0M0). At the consultation, it was decided 
to perform a radical resection of the tumor at the first 
stage of treatment. SF was chosen as a reconstructive 
material.

The general idea of presented method comes from 
capabilities of Materialise Mimics Reasearch 21.0 
software, which allows advanced segmentation of 
heart and coronary arteries. CT scan data were ob-
tained in DICOM format and uploaded to specified 
software. On the first step of initial segmentation, by 

the means of “Bone scale Thresholding” and “Region 
growth”, virtual functions were done. This maneu-
ver allows segmentation of both facial skeleton and 
contrasted arteries of the region of interest. Then, by 
implication of “Crop mask” and additional implica-
tion of “Region growth” functions, segmentation of 
external carotid artery was achieved (Fig. 1). 

Next to this step one used “Advanced coronary 
segmentation” tool in order to trace the course of sub-
mental artery, which was well contrasted on CT scan 
data. After tracing of the artery in the axilla, sliced 3D 
reconstruction of its course was also achieved (Fig. 2). 
The next step was associated to 3D reconstruction of 
basic anatomical structures, which should be used in 
such reconstructive procedure. Therefore, additional 
segmentation followed by 3D virtual reconstruction 
was done for artery, bones and skin of the patient 
(Fig. 3).

Fig 1. segmentation of anatomical structures: a) general segmentation of bones and contrasted arteries; b) extraction of external carotid 
artery. note: created by the authors

Рис. 1. Сегментация анатомических структур: а) общая сегментация костей и контрастированных артерий; б) идентификация 
наружной сонной артерии. Примечание: рисунок выполнен авторами

Fig 2. advanced coronary segmentation: a) detection of submental artery on axial slices; b) 3d reconstruction of submental artery. 
note: created by the authors

Рис. 2. Расширенная сегментация коронарных сосудов: а) обнаружение подбородочной артерии на аксиальных срезах; 
б) 3d-реконструкция подбородочной артерии. Примечание: рисунок выполнен авторами
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Fig 3. 3d reconstruction step: a) 3d reconstruction of submental artery; b) 3d reconstruction of facial skeleton; c) 3d reconstruction of 
the skin. note: created by the authors

Рис. 3. Этап 3d-реконструкции: a) 3d-реконструкция подбородочной артерии; b) 3d-реконструкция лицевого скелета; c) 3d-
реконструкция кожи. Примечание: рисунок выполнен авторами

Fig 4. Prefabrication of submental flap raising scenario: a) determination of the length of submental artery; b) segmentation of anterior 
belly of digastric muscle and submental fat pad; c) outlining of proposed submental flap’s skin component. note: created by the authors

Рис. 4. Готовый сценарий поднятия подбородочного лоскута: а) определение длины подбородочной артерии; б) сегментация 
переднего брюшка дигастральной мышцы и подбородочной жировой площадки; 

в) контур предполагаемого кожного компонента подбородочного лоскута. Примечание: рисунок выполнен авторами

Fig 5. 3d simulation of flap’s transfer: a) complete 3d reconstruction of all components of the flap; b) virtual transfer of submental flap to 
defected region. note: created by the authors

Рис. 5. 3d-моделирование переноса лоскута: a) полная 3d-реконструкция всех компонентов лоскута; b) виртуальный перенос 
подбородочного лоскута в область дефекта. Примечание: рисунок выполнен авторами

Additionally, we performed analysis of the relation-
ship of submental artery and mandible and measure 
the length of artery, that was calculated as 55.40 mm 
(Fig. 4a). In order to complete full thickness virtual 
submental flap one performed additional segmentation 
of anterior belly of digastric muscle and submental 

fat pad, as well as final outlining of skin part of the 
flap (Fig 4b, c). 

After all necessary preparation, final design of flap 
was achieved. Thus, based on clinical data related 
to suspected defect anatomy and size, final virtual 
transfer of the flap was done (Fig. 5a, b). It should 
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table 1/Таблица 1

Clinical and pathological characteristics of patients in the VsP and conventional groups

Клинико-патологическая характеристика пациентов в ВХП и обычной группах

Parameteres/Параметры VSP group/Группа ВХП
(n=7)

Conventional group/
Группа сравнения (n=10) p

Gender/Пол
Male/Мужской 5 7

0.65
Female/Женский 2 3

Age (years)/Возраст (лет) 60.1 ± 7.2 58.2 ± 9.6 0.30
T caterory/Критерий Т

T3 4 6
0.54

T4 3 4
Lymphnodes/Лимфоузлы

N0 5 7
0.62

N+ 2 3
 Soft tissue defect location/Локализация дефекта мягких тканей 

Tongue/Язык 2 3

1.00

Buccal mucosa/Слизистая оболочка щеки 2 3
Floor of mouth/Дно полости рта 1 2

Alveolar ridge mucosa/
Слизистая оболочка альвеолярного отростка 1 1

Retromolar region/Ретромолярная область 1 1
Note: created by the authors.

Примечание: таблица составлена авторами.
table 2/Таблица 2

Comparison of surgical outcomes between the VsP and conventional group

Сравнение хирургических результатов между ВХП и обычной группой

Results/Результаты VSP group/Группа ВХП
(n=7)

Conventional group/
Группа сравнения 

(n=10)
p

Operative time (min)/
Продолжительность операции (мин) 190 ± 7.8 235 ± 8.3 0.02

Intraoperative blood loss (ml)/
Интраоперационная кровопотеря (мл) 215 ± 8.0 230 ± 8.7 0.90

Post-operational hospital stay (days)/
Послеоперационное пребывание в стационаре (дни) 7. 6 ± 2.9 13. 1 ± 3.5 0.04

Note: created by the authors.

Примечание: таблица составлена авторами.

be noted that no significant bending or twisting of 
submental artery was noted on this step, that theoreti-
cally confirmed availability of this flap for proposed 
reconstructive procedure. Finally, all virtual data 
was well documented and used intraoperatively as 
additional guidelines. 

Results
The case series were compared on the clinico-

pathological characteristics of the patients and on the 
intra- and postoperative results. Clinical and pathologi-
cal features of patients with SCC of the oral cavity 

in the VSP and conventional groups are presented in 
Table 1. There were no significant differences in pa-
tient age, male/female ratio, defect location, and TNM 
stages between the two groups.

Patients in the VSP group had significantly shorter 
operative time (190 ± 7.8 vs 235 ± 8.3 min) and re-
duced post-operative hospital stay time (7.6 ± 2.9 vs 
13.1 ± 3.5 days) compared to the conventional group. 
Patients in both groups had similar intraoperative 
blood loss (Table 2). 

In addition, patients in the two groups had compa-
rable postoperative complications. In the VSP group, 
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Fig. 6. a) sCC of the left buccal mucosa; b) defect after radical resection; c) design of the submental flap; d) adaptation of the formed 
flap to the defect area; e) submental flap sutured in place; f) 3 months after surgery; g) 1 year after surgery. note: created by the authors
Рис. 6. a) плоскоклеточный рак слизистой оболочки левой щеки; b) дефект после радикальной резекции; c) дизайн подбородоч-
ного лоскута; d) адаптация сформированного лоскута к области дефекта; e) подбородочный лоскут ушит на место; f) вид раны 

через 3 мес после операции; g) вид раны через 1 год после операции. Примечание: рисунок выполнен авторами

table 3/Таблица 3

Comparison of postoperative complications between the VsP and conventional groups

Сравнение послеоперационных осложнений в ВХП и обычной группе

Parameteres/Параметры VSP group/Группа ВХП
(n=7)

Conventional group/
Группа сравнения 

(n=10)
p

Post-operative complications/Послеоперационные осложнения
No/Нет 5 6

0.28
Yes/Да 2 4

Type of complications/Тип осложнений
Wound dehiscence/Расхождение краев раны 1 2

0.15
Marginal necrosis/Краевой некроз 1 1
Partial necrosis/ Частичный некроз 0 1
Total necrosis/Тотальный некроз 0 0

Note: created by the authors.

Примечание: таблица составлена авторами.
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2 cases had postoperative complication with wound 
dehiscence. Postoperative complications occurred in 4 
cases of the conventional reconstruction group, which 
included 2 wound dehiscence, 1 marginal and 1 partial 
necroses of the flap (Table 3). Tough the results were 
not significantly different, the VSP group tended to 
have fewer and milder complications.

Discussion
In reconstructive surgery, preoperative planning is 

essential for an optimal functional and aesthetic out-
come. Creating a 3D model has been used in industrial 
design for a decade, but only recently has it taken hold 
in medicine. 3D printing is one such technology, which 
is fast, convenient and relatively affordable [9, 11–13]. 
The current standard of care for locally advanced head 
and neck tumors is radical surgery and appropriate 
reconstruction followed by adjuvant, radiation, or 
chemoradiotherapy [2–4]. Reconstruction should be 
aimed at maximum accuracy and achieving optimal 
function, as this will help the patient’s rehabilitation 
and improve his quality of life [1, 6–8, 12].

Digital technologies are increasingly being used 
to help reconstruct the mandibular bone after surgical 
resection of tumors with satisfactory results [9–11]. 
Due to complex head and neck surfaces, soft tissue 
elasticity, and irregular spatial patterns, very little 
research has been done on digital technologies for the 
reconstruction of head and neck soft tissue defects.

H. Koumoullis et al. [13] presented the first report 
on personalized individual planning for soft tissue re-
construction. They described the case of a patient with 
oral cancer who underwent tongue reconstruction after 
a hemiglossectomy using a 3D template. The operation 
was successful, the postoperative period without com-
plications. The oncological, functional and aesthetic 
results were excellent. This report confirms that patient-

specific 3D planning can be used in the reconstruction 
of soft tissue defects of the head and neck. J. Xu et al. 
[14] report a case series study in patients with oral and 
oropharyngeal squamous cell carcinoma who were 
randomly assigned to receive computerized soft tissue 
reconstruction (CARST) (n=15) or conventional soft 
tissue reconstruction (n=15). The results of the study 
indicated that the CARST group had significantly 
shorter operative and postoperative hospital stays, 
higher flap utilization, and a trend towards fewer and 
milder postoperative complications. S. Battalgia et al. 
[11] applied the appropriate protocol to 42 consecutive 
patients requiring composite mandibular reconstruc-
tion using perforated skin for soft tissue reconstructive 
surgery. Before surgery, all patients underwent CTA to 
assess the position of the primary vessels. The authors 
conclude that this protocol appears to be a valuable 
approach to the evaluation and virtual modeling of 
compound mandibular reconstructions. It is an impor-
tant tool for intraoperative reproduction of the planned 
soft tissue area to be reconstructed.

Conclusion 
Our results showed the effectiveness of using 

3D technology in reconstructive surgery of soft tis-
sue defects after radical surgery for oral SCC. This 
technology has significantly reduced operative time, 
possibly hospital stay, and improved flap utilization. 
This technology allows specialists to create a virtual 
3D model for an individual surgical plan, defining 
clear and safe surgical boundaries, providing design 
for the reconstruction of soft tissue defects. Our data 
shows that this technology can also be used to repair 
soft tissue defects caused by cancer or other diseases 
in the head and neck region. This method has great 
potential for wider application and provides greater 
benefits as the technology is further improved.
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