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Abstract

Aim - to develop a three-stage algorithm for maxillary reconstruction with the
Autoplan software suite to improve the results of surgical treatment.
Material and methods. 110 patients with maxillary defects were included
in the study and were divided into the main (60) and control (50) groups. The
three-stage algorithm and the Autoplan software suite were used to perform
reconstructive procedures only in the main group. All the postoperative results
were assessed in a period of six months after the surgery.

Results. Good aesthetic result was noted in 29 (48.33%) cases in the main
group and in 17 (34%) cases in the control group (p<0.001). The differences
between the main and control groups in functional results are statistically
significant (p<0.05): good speech quality: 31 (86.11%) in the main group,
22 (78.57%) in the control group (p=0,047). Diet without limitations: main
group, 26 cases (72.22%), control group, 18 cases (64.29%) (p=0,042). The
mean time of the reconstructive stage using scapular flap: main group, 210

(35) minutes, control group, 300 (35) minutes (time reduction by 30 (13.4)%;
fibular flap: main group, 180 (16) minutes, control group, 260 (36) minutes
(time reduction by 30.77 (11.2)%; ALT flap: main group, 175 (17) minutes,
control group, 220 (33) minutes (time reduction by 20.45 (13.3)%,; radial flap:
main group, 130 (12) minutes, control group, 170 (12) minutes (time reduction
by 23.53 (8.1)% (p<0,001).

Conclusion. It can be concluded that incorporation of additive technologies,
personalized attachment systems, and preoperative planning are crucial
components of contemporary reconstructive surgery. This approach not only
helps to streamline surgical procedures but also contributes to favorable
functional and aesthetic outcomes.
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XNPYPINA

Tom 10 (1) 2025

Hayka n UHHOBauUuK B MeauLuHe

AHHOTauuA

Ienn — pazpaboTaTh ¥ BHEJPUTb TPEX3TAIIHbIM aJITOPUTM YCTPaHeHUs Jie-
dekTOB BepxHeH YeItoCTH C IPOrPaMMHBIM KOMIIJIEKCOM «ABTOIIIAH» IS
YJIydllleHHs! pe3yJIbTaToOB XUPYPru4ecKoro jiedeHus..

Marepuan u Metofbl. B rccnenosanuu npussiiy yyacrve 110 nanyenros
C IpruobpeTeHHBIMU flepeKTaMU BePXHeH YesltoCTH, KOTOPBIX Pasfle/liii Ha
ocHOBHY!O (60 4esioBeK) U KOHTPOJIbHYIO (50 4enoBek) rpymibl. AJITOPUTM,
COCTOSILIIMI U3 TPeX 3TarloB, ¥ IIPOIPaMMHBII KOMILIEKC « ABTOIUIaH» IIpUMe-
HSUIMCB /17151 BBIIIOJIHEHUSI peKOHCTPYKTUBHO-IUIACTUYeCKUX Ollepalvii TOJIbKO
B OCHOBHOY rpymrie. OlieHKa 0C/IeonepallMOHHbIX pe3ysIbTaToB IIPOM3BOJIM-
Jlack yepe3 6 Mecsi1ieB 110CJIe Ollepalliy M BKIJIFOUYasIa Clle/lyIolle lapaMeTphbl:
YHKIMOHANIBHBIN pe3ysIbTaT, 3CTeTHYeCKUi pe3yJibraT, BpeMeHHble 3aTpaThl
Ha ollepaTUBHOe BMelIaTelbCTBO.

PesynbraThl. B 0CHOBHOI IpyIile XOpOIIMii 3CTeTUYeCKU pe3yibTar Obul
nocturHyT B 29 (48,33%) ciy4asix, B KOHTpOJIbHOM — B 17 (34%) ciyua-
ax (p<0,001). Paznuuus Mexxay OCHOBHOM M KOHTPOJIBHOW I'PyIIIaMu IO
}yHKIIMOHANBHBIM pe3yJsibTaTaM cTaTucTUdecky 3HauuMbl (p<0,05). Xo-
polilee Ka4yeCTBO peyH ObIIO IOJIy4yeHo B OCHOBHOM rpymie B 31 (86,11%)
city4ae, B KOHTPOJIbHOU rpymie — B 22 (78,57%) ciy4asx (p=0,047). Iuera
6e3 orpaHMYeHUI B OCHOBHOM rpyniie orMevasnach B 26 (72,22%) ciyuasx,
B KOHTPOJIbHOU — B 18 (64,29%) cnyuasx (p=0,042). Cpennee Bpems pe-

KOHCTPYKTHUBHOTIO 3Tala C IIpUMeHeHHeM JIOIAaTOYHOI0 JIOCKYTa B OCHOB-
Ho¥ rpynne cocraBwio 210 (35) MunyT, B KoHTpOnbHOU — 300 (35) MUHYT
(cokpamienue Bpemenu Ha 30 (13,4)%); ¢ npuMeHeHHEM MaJiobepIIOBOro
JIOCKyTa B OCHOBHOM rpye coctaBuio 180 (16) MUHYT, B KOHTPOJIBHOM —
260 (36) munyT (cokpaienue Bpemenu Ha 30,77 (11,2)%; c npuMeHeHHeM
ALT-nockyra B ocHOBHOI rpynie 175 (17) MUHYT, B KOHTPOJIbHOM TpyIIIe
220 (33) munyT (coxpamenue Bpemenu Ha 20,45 (13,3)%; c npumMeHeHH-
€M JIy4eBOro JIOCKyTa B OCHOBHOM rpymie cocraswio 130 (12) munyT, B
KkOoHTposbHOHM — 170 (12) MunyT (cokpaleHyde BpeMeHHd Ha 23,53 (8,1)%
(p<0,001).

BriBonpb!. [IpriveHenue ayTUTHBHBIX TEXHOIOTUH, NHAWBH/TYaIM3UPOBAHHBIX
cucreM $UKCAlMU U IIPeJI0NIepaliMOHHOIO INIAHUPOBAHUS SIBJISIETCSl HEOTheM-
JIeMOM 4aCTbI0 COBPeMeHHOU PeKOHCTPYKTUBHOM XUPYPIUH, YTO Ha IIPaKTHKe
103BOJIsIeT COKPaTUTh BPeMsl OIlepalivy, a TakKe I10JIy4aTh Xopouire QyHK-
I[MOHAJIbHbIE U 3CTeTHYeCKUe pe3ysIbTaThl B OOJIbIIeM KOJIM4eCTBe CilyyaeB
110 CPAaBHEHHIO C OOIIeNPUHATHIMA METOJUKAMMU.

KitroueBsble cj10Ba: peKOHCTPYKIIMSI BepXHEH YellFoCTH, PEKOHCTPYKIIUSI HUXK-
Hel 4eNoCTH, aJINTUBHbIe TeXHOJIOTMH, MUKPOXUPYPIHsl, ayTOJIOTUYHbIe
JIOCKYTBI, yCTpaHeHHe JleeKTOB JIMIA.

KoHduukT HHTepecoB: He 3asBIleH.
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m INTRODUCTION

Modern facial injuries caused by new types of weapons,
increased vehicle speeds, and diagnosed malignancies

pose a serious surgical challenge. According to statistics,

the number of facial injuries has more than doubled over

the past decade!.

Injuries resulting from a variety of impact mechanisms
result in multiple injuries to both soft and hard facial tissues.
For example, fractures of the upper jaw are often combined
with eye socket injuries and damage to the soft tissues of
the face [1]. This requires a comprehensive approach to
treatment, including surgical intervention and restorative
therapy.

With respect to defects of the maxilla, the main tasks are
the elimination of oronasal fistula, restoration of the lower
wall of the orbit to ensure the supporting function of the
eyeball, restoration of the functions of chewing, swallowing,
breathing, speech, as well as the implementation of complete
dental rehabilitation.

An important practical area is the customization of
surgical interventions based on the patient's anthropometric
data. Taking into account the unique anatomical features
of the patient ensures good functional and aesthetic
results, which opens up new horizons for the successful
rehabilitation of patients with complex facial defects [2].

There are numerous classifications of maxillary defects.
One of the latest is the classification of J.S. Brown (2010),
based on the identification of the vertical and horizontal
components of the defect. Depending on the presence of
the anastomosis between the oral and the nasal cavity,
involvement of the supporting structures of the eye socket
in the defect, the scope of damage of the hard palate and
some other parameters, the authors suggested six types of
defects [3].

Today’s clinical practices place more importance on the
customized approach, modern systems of visualization,
surgery planning combined with involvement of additive
technologies. 3D-modeling enables reproduction of precise
stereolithographic models on the stage of planning of
reconstruction based on the patient’s anthropometric data
[4]. The use of individual templates provides the possibility
of reaching high precision of congruence of the bony
surfaces of the flap and recipient wound, reducing surgery
time and yielding better functional and aesthetic results of
reconstructive plastic surgery [5, 6].

AIM

To develop a three-stage algorithm for maxillary
reconstruction with the Autoplan software suite to improve the
results of surgical treatment.

1Federal Service of State Statistics: traumatism statistics in Russia. Available online: https:/rusind.ru/statistika-travmatizma-v-rossii-po-rosstatu.html
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m MATERIAL AND METHODS

A randomized controlled trial was conducted involving
110 patients with maxillary defects of post-traumatic and
post-oncological etiology. The participants of the study were
divided into two groups, the main and the control group. The
main group included 60 people, average age of 46+11 years,
men to women ratio: 46/14. The control group included 50
people, average age of 47+12 years, men to women ratio:
39/11.

In accordance with the J.S. Brown’s classification of
maxillary defects (2010), four types of defects were identified
(Type I-1V).

Type I: lower combined defects of the maxilla,
predominantly with a horizontal component, affecting the
mucous membrane of the retromolar region, the soft palate
region and the lateral wall of the oropharynx (main group:
23 patients; control group: 16 patients).

Type II: defects resulting from total maxillectomy (main
group: 13 patients; control group: 12 patients).

Type II: partial defect of the maxilla, predominantly with
a vertical component (main group: 15 patients; control group:
13 patients).

Type IV: inclusion of the orbit with its exenteration (main
group: 9 patients; control group: 9 patients).

In the main group of patients with combined maxillary
defects, the surgery planning, performance and follow-up
involved a three-stage algorithm and the Autoplan software
suite. In the control group, surgery was performed under
conventional methods.

Surgery algorithm. The algorithm used to perform the
surgery in the main group consisted of three stages. The first
stage is preoperative planning: the patient’s head CT data
was uploaded to the Autoplan software suite. 3D-model of
bony structure and soft tissue is constructed automatically;
the defect is visualized and localized, its scope and area were
calculated. For plastic material, four types of free surgical
flaps were used: maple seed-shaped fasciocutaneous radial
flap [7], chimeric scapular flap, ALT-flap (anterolateral
thigh), and fibula flap. The selection of the suitable plastic
material was performed in the automatic flap selection
program!, based on the following parameters: area, scope
and composition of the defect, necessity of cavity plugging.
If the selected flap was fibular or scapular, additional CT
was performed of the lower leg or the scapular region,

respectively. The data was uploaded to the Autoplan software
suite, where the 3D model of the flap was constructed with
fitting in the defect area. This stage also included construction
of 3D models and construction of individual templates for
resection, flap modeling and fixation system.

The second stage is the surgery. During the surgery,
individual templates for re-resection were used to refresh the
bonesaw lines of the recipient area, isolation and modeling
of the flap were performed using individual templates and
fixation system with retained blood flow in the autogenetic
graft.

In the third stage, the modeled flap was repositioned to the
recipient area and partially attached to the bonesaw lines of
bony structures. Microsurgery was then performed to form
the anastomoses with subsequent final fixation of the flap
and suture of the wound.

The postoperative results in both groups were assessed
six months after the operation. The criteria studied were the
results of the functional (binocular vision, dietary restrictions,
speech disorders) and aesthetic aspects; the amount of time
spent on the surgical stage; the incidence of post-surgery
complications. For each of the parameters, the functional
result was assessed as ‘good’, ‘satisfactory’, or ‘poor’. The
aesthetic results were assessed using the FACE-Q scales,
depending on the score, the ‘good’ (=80 points), ‘satisfactory’
(65-79 points), ‘poor’ (<64 points) evaluations were given.

Data processing. Using descriptive statistics, mean values
and standard deviations were obtained. Statistical tests
were used to determine the statistically significant a< 0,05
difference between the values in the control and the main
groups. To assess the significance of differences between
groups, Student’s T-test and Pearson’s x> were used. IBM
SPSS Statistics 23 software suite was used for statistical
calculations.

m RESULTS

Reconstructive plastic surgeries were performed on 110
patients with defects of the upper jaw (N=60 in the main
group, N=50 in the control group). The autogenetic graft
used in the main group were distributed as follows: 22 —
radial flap, 22 — ALT-flap, 14 — scapular flap, and 2 — fibula
flap. The autogenetic graft used in the control group were
distributed as follows: 17 —radial flap, 20 — ALT-flap, 12 -
scapular flap, and 1 — fibular flap (Table 1).

Fap type
I S S S S

Fibular 2(66.7%) 1(33.3%) —
Scapular 4 (15.4%) 3(11.5%) 10 (38.5%) 9 (34.6%) —
ALTflap  4(9.5%) 3(7.1%) 3 (7.1%) 3(7.1%) 6 (14.3%)
Radialflap 13 (33.3%) 9(23%)  — 9 (23%)
Total: 23(20.9%) 16 (14.5%) 13 (11.8%) 12(10.9%) 15 (13.6%)

_ 2(66.7%)  1(33.3%) 3 (2.7%)
_ = _ 14 (53.8%) 12 (46.2%) 26 (23.6%)
5(11.9%) 9(21.4%) 9 (21.4%) 22 (52.4%) 20 (47.6%) 42 (38.2%)
8(20.5%) — 22 (56.4%) 17 (43.6%) 39 (35.5%)
13(11.8%) 9(8.2%) 9(8.2%) 60 (54.5%) 50(455%) 110 (100%)

Table 1. Plastic material used for maxillary reconstruction in the main and control groups. O — main group, K — control group
Tabnuya 1. AymompaHcniaHmamel, npuMeHeHHble 0N1s1 PeKOHCMPYKyUU BepxHel Yentocmu B OCHOBHOU U KOHMposibHOU epynne.

O — ocHoBHas epynna, K — KoHmponbHas epynna

ICertificate of state registration of the computer program: RUS Ne2024617819 dated 05.04.2024.
Available online: https://fips.ru/registers-doc-view/fips_servlet?DB=EVM&DocNumber=2024617819&TypeFile=html
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Defect Type Typel (N=23) | Typell(N=13) | Typelll(N=15) | TypelV (N=9) TOTAL —

Speech quality

Good 21 (91.3%) 10 (76.92%)
satisfactory 2 (8.7%) 1(7.69%)
Poor - 2 (15.38%)
Diet

No restrictions 19 (82.61%) 7 (53.85%)
Strained food 4 (17.39%) 5 (38.46%)
Liquid diet 1(7.69%)
Aesthetic result

Good 18 (78.26%) 7 (53.85%)
satisfactory 4 (17.39%) 3 (23.08%)
Poor 1 (4.35%) 3 (23.08%)
Eyeball position

symmetrical - 10 (76.9%)
diplopia 2 (15.4%)
enophthalm - 1(7.7%)

N=36
31 (86.11%)
3 (8.33%)
2 (5.56%)
N=36
26 (72.22%)
9 (25%)
1(2.78%)
N=60
29 (48.33 %)
25 (41.67 %)
6 (10%)
N=28
13 (86.67%) 23 (82%)
2 (13.33%) 4 (14%)

0 1 (4%)

p=0.047

p=0.042

(p<0.001)
4 (26.67%)
9 (60%)
2 (13.33%)

9 (100%)

p=0.032

Tabnuua 2. PyHKyuoHabHble U 3cmemuyeckue pesynbmamsl ycmpaHeHusl 0epekmoB BepxHell Yenrcmu y nayueHmoB 0CHOBHOU 2pynnbi
Table 2. Functional and aesthetic results of maxillary reconstruction in the main group

Assessment of aesthetic results. Before the surgery the
average score as per the FACE-Q questionnaire was similar
in both groups and was 51 points (with quartiles: Q1 -
45, Q2 - 51, Q3 - 57). The assessment 6 months after the
surgery yielded the following average scores: in the main
group, 79 points (Q1 - 74, Q2 - 79, Q3 - 93); in the control
group, 67 points (Q1 - 64, Q2 - 67, Q3 - 80) (p<0.001).
God aesthetic results were achieved in 29 (48.33%) patients
of the main group and in 17 (34%) patients of the control
group. Satisfactory results: 25 (41.67%) patients of the main
group;21 (42%) patients of the control group. Poor results:
6 (10%) patients of the main group and 12(24%) patients of
the control group.

Assessment of functional results. Speech: good quality of
speech was seen in 31 (86.11%) patients of the main group
and 22 (78.57%) patients of the control group; satisfactory,
in 3 (8.33%) / 3 (10.71%) patients; poor, in 2 (5.56%) / 3
(10.71%) patients, respectively (p<0.05, p=0.047).

Diet. Of the 36 patients of the main group and 28 patients
of the control group with maxillary defects of Type I and
Type II, for 26 (72.22%) / 18 (64.29%) patients there

were no dietary restrictions; 9 (25%) / 8 (28.57%) patients
required strained food; 1 (2.78%) / 2 (7.14%) patients
required a fluid diet (p<0.05, p=0.042).

Visual acuteness and eye position. Decrease in visual
acuteness was not identified at all. In the group of patients
with Type II and Type III defects (N=28 / 25) symmetry in
the eyeball position was achieved in 23 (82%) / 17 (68%) of
the cases; moderate diplopia was seen in 4 (14%) / 7 (28%)
of the cases; enophthalmos was seen in 1 (4%) /1 (4%) of
the cases, respectively (p<0.05, p=0.032).

Thus, the implementation of the three-stage algorithm
allowed achievement of good functional and aesthetic
results in the greater number of cases. The differences
between the main and the control group are statistically
significant (p<0.05) (Tables 2, 3).

The time required to perform the reconstructive stage
of the surgery, depending on the selected graft, is shown
in Table 4. Scapular flap: in the main group, the average
time was 210 (35) minutes, in the control group, 300 (35)
minutes (time reduced by 30 (13.4)%). Fibular flap: 180
(16) min / 260 (36) min (time reduced by 30.77 (11.2)%).

Defect Type Typel (N=16) Typell (N=12) Typelll (N=13) TypelV (N=9)

Speech quality N=28
Good 13 (81.25%) 9 (75%) 22 (78.57%)
satisfactory 2(12.5%) 1(8.33%) 3(10.71%)
Poor 1 (6.25%) 2 (16.67%) 3(10.71%)
Diet N=28
No restrictions 12 (75%) 6 (50%) 18 (64.29%)
Strained food 4 (75%) 4 (33.33%) 8 (28.57%)
Liquid diet 2 (16.67%) 2 (7.14%)
Aesthetic result N=50
Good 10 (62.5%) 5 (41.67%) 2 (5.38%) 17(34%)
satisfactory 4 (25%) 3 (25%) 6 (46.15%) 8 (88.89%) 21 (42%)
Poor 2(12.5%) 4 (33.33%) 5 (38.46%) 1(11.11%) 12 (24%)
Eyeball position N=25
symmetrical 7 (58.33%) 10 (76.92%) 17 (68%)
diplopia 4 (33.33%) 3 (23.08%) 7 (28%)
enophthalm 1(8.33%) 0 1 (4%)

Table 3. Results of surgical treatment of patients with maxillary defects in the control group
Tabnuua 3. dyHKYuOHasbHbIe U 3cmemuyeckue pesysibmamsbl ycmpaHeHusi 0echekmoB BepxHell Yentocmu y nayueHmos

KOHmMposbHoll epynnbi
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Flap type Angle of scapula Fibular

Surgery time, min 500 (52) 475 (78)
Flap modeling time, min 90 (12) 75 (13)
Reconstructive stage time, min 210 (33) 180 (15)

Table 4. Mean surgery time in the main and control groups

ALT Radial Angle of scapula Fibular ALT Radial
390 (65) 290 (56) 610 (66) 580 (74) 450 (71) 330 (67)
85 (8) 30 (4) 180 (57) 160 (24) 120 (8) 70 (6)
175 (16) 130 (12) 300 (33) 260 (34) 220 (32) 170 (11)

Ta6nuua 4. CpedHee BpeMs onepamuBHO20 BMewamersibcmBsa B 0CHOBHOU U KOHMPOosbHOU epynnax

ALT flap: 175 (17) min / 220 (33) min (time reduced by
20.45 (13.3)%). Radial fasciocutaneous flap: 130 (12)
min / 170 (12) min (time reduced by 23.53 (8.1%). The
differences both in the average time of reconstructive stage
and in the total time of the surgery in the main and the
control group are significant (p<0.001).

m DISCUSSION

The region of the head and the neck is crucial in the
functions of chewing, swallowing, breathing, and speech;
moreover, it is vital for social interactions. Aesthetic and
functional facial defects are detrimental to the patient’s
quality of life [8], therefore, their repair is required for
medical reasons [9-11].

To repair the defects in the middle region of the face
and the maxilla, removable exoprostheses are usually used
that isolate the oral and the nasal cavities, thus restoring
the speech and the swallowing functions. The prosthesis
may include dental elements that contribute to a satisfactory
aesthetic result. One of the major advantages of this method
is fast achievement of the desired result, a shorter and less
invasive plan of surgical treatment without the lengthy
period of rehabilitation.

In patients undergoing cancer treatment, prostheses
provide the possibility of direct visual control, but
given the availability of modern imaging techniques,
this potential advantage has not been confirmed [12].
In addition, prostheses require daily care and must be
removed and cleaned regularly, which can be a major
problem for older people or those with visual impairments.
In some cases, the exoptostheses may be an acceptable
method for the repair of maxillary defects; however, their
use can not restore the functions as effectively as the free
autogenetic graft can [13].

Scientific literature currently describes a considerable
number of microsurgical methods to repair the maxillary
defects, including the rib osteo-cutaneous flap [ 14], latissimus
dorsi muscle-cutaneous flap [15], scapular flap [16], rectus
abdominis muscle flap [17], osseous radial flap [18], fibular
flap [19, 20], and some others [21-23]. The use of the method
we propose allows achievement of better functional and
aesthetic results in comparison with other methods [24, 25].

Additive technologies allow achieving higher rates of
bone surface congruence and reducing surgery time [26].

The three-stage algorithm of reconstructive plastic
surgery proposed by us for patients with facial defects
allows reducing the surgery time by 17.4% in comparison
with conventional techniques. E.g., B. Barton et al. (2022)
report that the time for reconstruction of the maxilla with
the flap involving the scapular angle is 600 minutes [27]. In
fact, this aligns with the time of surgery in the control group
of our study (610 minutes), whereas in the main group,
where the three-stage algorithm and the Autoplan software
suite were used, the average time of surgery was reduced
to 500 minutes.

The use of standardized algorithms for constructing a
patient's surgical treatment trajectory helps to improve the
reproducibility of such complex operations [28, 29].

m CONCLUSION

We propose an approach that includes three stages of
reconstructive plastic surgeries for patients with facial
defects. It allows achieving better results of surgical
treatment, reducing the time of surgical intervention
and getting fewer complications in comparison with
conventional approaches. We also believe that the presented
method will reduce the time required for training of surgeons
in this area. »=
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