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OBjECTIVE — to determine the feasibility and effectiveness of using custom-made and 3D-printed mandibular
implants in patients with microgenia, and to investigate their quality of life and satisfaction with aesthetic results
during a two-year follow-up.

MATERIALS AND METHODS. 21 patients participated in the study, with 14 (66.7 %) women and 7 (33.3 %) men. The
average age of patients was 23.4 £ 2.3 years. All patients had signs of microgenia. In our study, a CT scan of the skull
without contrast enhancement served as the primary diagnostic tool. Polyetheretherketonen (PEEK) was the
material of choice for the implants.

REesuLts. Among the early postoperative complications were alterations to the sensation of the skin overlying the
lower lip, which was restored within 1—2 months, and bruising, which had a tendency to spread to the neck.
None of the patients had impaired motor innervation of the lower lip. Hematoma and wound suppuration were
not detected either. One or two years after surgery, none of the patients had any delayed complications, including
implant displacement, bone resorption in the lower jaw, decreased motor activity of the facial muscles, or altered
sensation affecting the lower lip. Aesthetic results were assessed after the one-year follow-up. In a sample of 21
patients, the aesthetic outcome was excellent in 18 (85.7 %) patients and good in 3 (14.3 %) patients. No patients
had bad aesthetic outcomes.

Concrusions. The absence of delayed complications and the low risk of early complications, which in 71.4 % of
patients only present as a temporary alteration to the sensation affecting the lower lip, indicate the safety of the
suggested method. In all patients after mentoplasty with custom-made implants, the physical and mental com-
ponents of health improved statistically (with all values p <0.05). Excellent aesthetic outcomes were observed in
almost all patients (85.7 %) after mentoplasty with custom-made implants.
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An underdeveloped chin, which symbolizes mi-
crogenia, creates an aesthetic problem, disrupting
the balance and proportions of the face. In the lit-
erature, various methods of determining the degree
of chin development deficiency and options for its
increase are offered. The vast majority of authors
focus on the choice of material and the method of
operation rather than on the shape and size of the
implant [4, 8, 11, 15].

The proportions of the ideal chin are described,
the projection of which reaches the vertical plane
lowered from the red border of the lower lip.
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According to a popular preoperative assessment
technique, the ideal chin profile is 1 mm to 3 mm
from the vertical line extending from the red bor-
der of the lower lip. There is also no generally ac-
cepted classification of microgenia in the literature
[12, 13, 18].

Microgeny correction methods using standard
implants and osteoplastic operations have a high
risk of developing complications. Among them,
the main ones are: displacement of the implant
(8 %), bone resorption, which is observed already
19 months after the operation, nerve injury and
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impaired sensory and motor functions in 3—12 %,
infectious complications in 5—7 %, which leads to
the removal of implants in 70—80 % of cases, capsu-
lar contracture of the implant in 1—4 %, aesthetic
dissatisfaction with the result of the operation in
25—60 % of cases. The presence of a high risk of de-
veloping complications determines the search and
development of new methods of treating microge-
nia [2,7, 17].

In our practice, we consider chin bulge (chin cur-
vature) as the main method of assessing the degree
of microgenia. We perform this assessment based on
a photograph of the patient in a lateral projection.

The placement of a chin implant has two primary
effects on the appearance of the chin: it increases
its projection and modifies its shape. The majority
of publications focused on the calculation of the re-
quired projection as a basis for determining the size
of the implant. However, the main limiting factor
influencing the choice of implant size is the preop-
erative chin bulge or lack thereof. The total number
of millimeters that can be added to different chin
profiles is restricted. A fully convex chin allows
an implant up to approximately 4 mm thick in the
center, even if the chin is still far behind the verti-
cal line from the red border of the lips. A thicker
implant will increase the convexity of this chin be-
yond acceptable aesthetic prominence. On the oth-
er hand, a chin without convexity before surgery
has a flat vertical or even a negative profile, which
allows the use of increasingly thick implants that
will improve the projection of the chin as well as
increase its curvature to the maximum acceptable
convexity. But standard implants do not take into
account all the anatomical features of the shape and
size of the lower jaw, the presence of asymmetries
and protrusions on the bone surface. Also, they
have a high risk of displacement and animation
when talking, which is due to the lack of fixation of
implants to firm structures [5, 6, 12, 19].

It is important to note that it is the thickness at
the center of the implant (i.e., the projection of the
implant) that has the largest impact on the out-
come. The length and width of the implant have
a negligible effect on the result. Most chin implant
manufacturers do not take this information into
consideration and produce «small» size implants
that are smaller in all three dimensions (protrusion,
height, and length), while «large» size implants are
also larger in all dimensions.

Our practical experience in the treatment of mi-
crogenia is based on an individual approach to each
patient. We develop the necessary shape and size of
the implant, which allows us to meet the needs of
each patient.
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OsjECTIVE: to determine the feasibility and effec-
tiveness of using custom-made and 3D-printed man-
dibular implants in patients with microgenia, and to
investigate their quality of life and satisfaction with
aesthetic results during a two-year follow-up.

Materials and methods

21 patients participated in the retrospective cohort
study, with 14 (66.7 %) women and 7 (33.3 %) men.
The average age of patients was 23.4+2.3 years.
Our study included patients with a severe form of
underdevelopment of the lower jaw, which could
not be corrected with the help of fillers and lipofill-
ing. Patients were examined in the preoperative pe-
riod according to the standards of the Ministry of
Health of Ukraine.

In our study, a multispiral CT scan of the skull
without contrast enhancement served as the prima-
ry diagnostic tool. It allowed for the evaluation of
the severity of microgenia, assessment of the shape
and size of facial bones, and creation of a 3D-model
of the structure. This investigation enables visual
assessment of the new implant: its shape and size.
The projection of the new chin is coordinated with
the patient, and after that, the implant is manufac-
tured in the Imatech Medical laboratory. The 3D
model allows the patient to visualize the future re-
sult, which is the best option for matching the shape
and size of the future chin. Fig. 1 shows the modeling
process of the chin implant model in different pro-
jections. Fig. 2 presents a collage of the skull model
with and without the implant, illustrating how the
shape and size of the bone influence the outcome.

Polyetheretherketonen (PEEK) was the material
of choice for the implants, which is a semi-crystalline
polymer resistant to high temperatures. All implants
were produced by Imatech Medical. The implant it-
self is shown in Fig. 3, which demonstrates its final
representation before sterilization. All materials and
production processes for implants have been regis-
tered by the Ministry of Health of Ukraine and the
relevant permits have been obtained.

The placement of the implants was carried out
under general anesthesia. The procedure was done
intraorally and, therefore, did not leave any no-
ticeable scars on the face. After treating the surgi-
cal field with Octanisept, local anesthesia was ap-
plied to the oral mucosa and hydropreparation with
a 0.9 % NaCl solution containing lidocaine 100 mg
and adrenaline 1:400 ml was carried out. In the
future, a supraperiosteal dissection was performed
with the cutting off m. Mentalis. An autopsy was
performed according to the size of the implants.
The implant was placed and fixed with 2 titanium
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Figure 1. Chin implant model designed in different planes

screws in the lower jaw. Layer-by-layer suturing of
the wound was performed with Vicryl 5—0 suture
material and an aseptic bandage was applied. In the
postoperative period, patients were bandaged, and
the oral cavity was treated with antiseptics.

The international MOS-SF-36 questionnaire
was used to assess the patients’ quality of life after
mentoplasty.

For an additional assessment of the aesthetic out-
come, we developed and introduced our own ques-
tionnaire that was offered to all patients who un-
derwent surgery. The questionnaire is presented in
Fig. 4. It consists of three questions that are designed
to gather data on the patient’s age, the type of surgi-
cal intervention, and the patient’s overall satisfaction
with surgical outcomes. The survey was anonymous.

The aesthetic outcome was measured using
a 3-point scale. The main criteria were the pres-
ence of postoperative complications in the early and
remote periods and satisfaction with the aesthetic
results. Patients were referred to the «poor» result
category in the presence of serious postoperative
complications (suppuration, deformations, im-
paired motor innervation of the lip, displacement
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of the implant). If the patient was satisfied with
the aesthetic outcome, but there were certain aes-
thetic or functional deficiencies, it was classified as
a «good» result. The absence of complications and
complete satisfaction with the aesthetic oucome
were considered an «excellent» result.

Results and discussion

The average duration of the operation was 49.1 £ 4.6
minutes. The patients stayed in the hospital for one
day. Regular examinations took place once every
3—4 days. After surgery, pronounced swelling was
noted for 9—15 days. In the postoperative period,
all patients underwent routine examinations after
1, 3, 6 months and 1 year. 16 patients had a repeat
CT scan of the skull two years after surgery. Five
patients underwent CT scans a year after surgery
as their follow-up period still continues. The maxi-
mum period of observation lasted two years.

The photofixation was carried out immediately
after the operation for demonstration of the ob-
tained result to the patients, since later the swell-
ing increased and the final surgical outcome was
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Figure 3. The final representation of the chin
implant

QUESTIONNAIRE

to determune whether vou are sansfied wuth the assthetic result of the
operation

1. How old are you? l:l

2. Have you had menthoplasty performed using an individual implant?

YH\:l No EI

3. Please rate your aesthetic result after the surgery?

Have you had senious postoperative
complications (infection, deformuties,
impaired motor mnervation of the lip, Bad l:l

displacement of the implant)?

The assthetic result suits me, but there
are certain aesthetic or functional flaws!

I am completely satisfied with the

]
aesthetic result! Pesfect D

Figure 2. A 3D model of the skull showing Figure 4. Questionnaire form for conducting
the shape and size of the future chin an anonymous survey of patients regarding
their satisfaction with the aesthetic outcome

evaluated 2—3 months after surgery. Fig. 5 shows complications. Fig. 6 shows the CT model of the
the patient in a lateral projection before and imme-  patient’s skull before surgery and one year after the
diately after the operation. placement of the custom-made mandibular implant.

When repeating a CT scan of the head in the re- Among the early postoperative complications
mote period, we made a 3D model of the skull, which ~ were alterations to the sensation of the skin overly-
helped to visually assess the shape of the chin, the ing the lower lip, which was restored within 1—2
position of the implant, and the presence of other months. None of the patients had impaired motor
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Figure 6. 3D CT model of the skull before and one year after surgery

innervation of the lower lip (0 %). Hematoma and
wound suppuration were not detected either (0 %),
which is presented in Table 1.

The patients’ quality of life and the presence of
implant-related complications were taken into ac-
count during the extended follow-up period. A CT-
scan of the skull was performed one or two years
after surgery. None of the patients had any delayed
complications, including implant displacement,
bone resorption in the lower jaw, decreased motor
activity of the facial muscles, or altered sensation af-
fecting the lower lip.
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Table 1. Early complications that occurred in patients

Complication type Complications
Seroma 0
Hematoma 0
Wound suppuration 0
Decreased motor activity of the facial muscles 0
Altered sensation affecting the lower lip 15 (71.4%)
Total number 15 (71.4 %)
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Table 2. Average indicators of patient quality of life
in the study groups before and one year after

surgery

Indicator Before surgery One year after surgery
Physical functioning ~ 72.78 £7.28 89.44 +4.76*
Role physical 76.11+5.51 82.45+7.24**
Bodily pain 78.73+5.41 82.54+5.66**
General health 74.22+591 76.37 +7.13**
Vitality 67.37+9.57 80.39+9.81**
Social functioning 66.31+8.03 84.97 £8.27**
Role emotional 64.75+13.60 79.98 +9.11**
Mental health 65.87£10.92 78.6+12.07**

Note. * p=0.001; * p<0.001.

Fig. 7 shows a radiograph of the head of a patient
who had a silicone implant 8 years ago. The red ar-
rows show the area of bone resorption caused by the
pressure and displacement of the silicone implant.
The level of resorption reaches 6 mm at the maxi-
mum projection. Fig. 8 shows a 3D CT model of the
patient’s skull after the placement of a silicone im-
plant. The displacement of its position, which cre-
ates an aesthetic defect, is noted.

Five and 10 years following the placement of
the implants of this design, the study patients are
scheduled to undergo routine CT scans of the head
to monitor any potential bone resorption in the
lower jaw and to evaluate implant displacement.

The MOS-SF-36 questionnaire findings for pa-
tient quality of life are shown in Table 2.

Before the operation, all patients expressed a desire
to improve the shape and size of their chin because it
created an inferiority complex and prevented them
from feeling confident in social situations. It should
be noted that they stated a progressive decrease in
their ability to concentrate and, accordingly, to per-
form work as accurately as they could before. Their
social discomfort was also manifested by the presence
of nervousness, anxiety, and irritability.

One year after surgery, the average values of all
indicators of quality of life increased significantly,
as can be seen in consolidated Table 2. In general,
a statistically significant improvement in all qual-
ity of life indicators is noted, which reflects the
improvement of physical and mental components.
Fig. 9 shows the patient before and one year after
surgery. An increase in the projection of the chin
and a change in the aesthetic shape and proportions
of the face are noted. The patient gave written per-
mission to use the photographs.
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Figure 7. Lateral radiograph of the head in a patient
with a silicone chin implant and severe bone
resorption

]

AR SooJdr

Figure 8. CT model of the skull of a patient with
a silicone chin implant and its displacement

Figure 9. Photo before and one year after chin
augmentation with a custom-made implant

25



I.G. Donets et al.

Aesthetic results were assessed after the one-year
follow-up. In a sample of 21 patients, the aesthetic
outcome was excellent in 18 (85.7 %) patients and
good in 3 (14.3 %) patients. No patients had bad aes-
thetic outcomes. Patients with a good result noted
insufficient chin projection and wanted to increase
it by several millimeters.

Bone resorption is a common complication asso-
ciated with chin implants [14].

This complication arises due to a number of fac-
tors. In our opinion, this type of complication can be
related to implant displacement towards the alveolar
edge of the lower jaw, where the bone is thinner and
under constant pressure. The literature review, radio-
graphs, and CT images demonstrate that bone resorp-
tion most often occurs when the implant is displaced
from the mandibular tubercle. According to our find-
ings, no study reported mandibular bone resorption
after augmentation menthoplasty when the implant
was clearly positioned on the mandibular tubercle.

The use of 3D printing technology for manufac-
turing custom-made implants has rapidly devel-
oped in many fields of medicine, including plastic
surgery [9, 10, 16].

For aesthetic surgery, 3D-printed custom-made
implants are an ideal solution for correcting defects
or deformities of the facial skull. However, bio-
compatible materials for 3D printing are not easily
available and are expensive. Thus, we have com-
bined and improved the way we use 3D imaging and
printing technology to improve the results of chin
augmentation surgery.

Chin augmentation using an alloplastic implant
is the main method of correcting the contour of the
lower jaw [1].

The traditional method of chin augmentation
requires choosing a standard silicone implant from
the available manufacturer’s catalog and placing it
under the periosteum. However, factory-made sili-
cone implants are usually limited in size and often
shift or rotate around the axis of the implant, which
deforms the contour of the chin [1, 3].

The ideal chin implant should be designed with
the internal and external surfaces in mind. If the in-
ner surface exactly corresponds to the contour and
shape of the lower jaw, then displacement and rota-
tion do not occur even without additional fixation
with a screw, which is seen in Fig. 10. It shows the
manufactured implant of the lower jaw, its front and
back surfaces. The printed model of the patient’s low-
er jaw reflects all the protrusions and irregularities
of the chin for which the implant was designed. The
jaw model clearly shows asymmetry and irregulari-
ties that would not allow for the placement of a stan-
dard silicone implant. Therefore, forming the surface
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Figure 10. Prototype implant and printed
mandibular model showing uneven jaw surface

of the implant with the help of a 3D image allows you
to accurately produce the necessary contour.

To place a chin implant, either a skin incision in
the submental area or an incision in the mucous
membrane of the oral cavity is used. The skin inci-
sion on the chin provides quick access to the man-
dibular bone surface and allows easy lateral dissec-
tion to prevent nerve injury and minimize damage
to the m. mentalis [21]. However, there will be
a visible scar, which sometimes causes discomfort
or even the development of depressive states in pa-
tients and affects the aesthetic result. The incision
made in the oral mucosa does not leave a visible
scar. In our practice, a mucosal incision is used to
place implants. The main advantage of this incision
type is the absence of external scars, and addition-
ally, the 3D model shows the exact position of the
mental opening, which helps to prevent nerve dam-
age and to make an implant that takes into account
all these anatomical features [20].

The long-term effects of treatment beyond 2
years have not been researched. The results of this
study are based on a two-year follow-up, which is
a short period for this type of surgery. However, it
should be noted that no delayed complications or
implant displacement were detected one or two
years after surgery.

Conclusions

Chin plastic surgery using custom-made implants
is a safe method of mentoplasty that ensures good
aesthetic results that are predicted and agreed with
the patient.

The absence of delayed complications and the
low risk of early complications, which in 71.4 % of
patients only present as a temporary alteration to
the sensation affecting the lower lip, indicate the
safety of the suggested method.
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In all patients after mentoplasty with custom-
made implants, the physical and mental compo-
nents of health improved statistically (with all val-
ues p<0.05), which indicates the effectiveness of
this type of surgery in achieving a desirable appear-
ance and reducing psychological difficulties.

According to the questionnaire findings, excel-
lent aesthetic outcomes were observed in almost all
patients (85.7 %) after mentoplasty with custom-
made implants.

Thus, patients who had their chin implants in-
dividually designed and fitted, taking into account
their main requirements, have better indicators of
quality of life and satisfaction with the aesthetic
outcome.
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306UIBIIICHHS TiOOPIIA iHAUBITyaIbBHO BUTOTOBJICHUMHU
IMIUIAHTATAMM JJIA JIIKYBAHHA MiKpPOI'€Hii
Yy 2-piYHOMY CIIOCTEPEKEHHI

€.T. loneup!, O. B. ITanuyk ', K. B. Taasnepun?
! Kninika «Jliko-meny, Kuis

2 HartioHaThHIIH METUIHUH yuisepcutet imeni O. O. Boromomsis, Kuis

MeTa — BU3HAYNUTU MOAJIUBICTD TA €(PEKTUBHICTh BUKOPUCTAHHS iHUBIyJIbHO MiZIi6PAHUX T4 BUTOTOBIEHUX
IMIUIAHTATIB HIDKHBOI LIEJIENH Y MALIEHTIB 3 MIKPOI'€HI€IO, JOCIINTU AKICTD IX XKUTTA T4 33JOBOJICHICTD €CTe-
TUYHUM PE3YIBIATOM Y ABOPIYHOMY CIIOCTEPEKECHHI.

Marepianu Ta MeTOa . JIOCTi/PKEHHS IPOBEACHO v 21 martieHTa, 3 HUX 14 (66,7 %) sKiHOK Ta 7 (33,3 %) 1ono-
BiKiB. CepeHil BiK XBOPHUX CTAHOBUB (23,4+2,3) pOKy. ¥ BCiX MALII€HTIB CIIOCTEPIraancsa O3HAKA MiKPOI'€Hii.
OCHOBHHUM JiarHOCTUYHHUM METOJIOM Oyra KOMITIOTEPpHA TOMOrpadis yepena 6€3 KOHTPACTyBAHHA. OOpaHUM
MarepiasoM Wi iMIutanTaris 6ys nosniedipedipkeron (PEEK).

PesyasraTH. [3 yCKIaJHEHD y PAHHIA MiCIAONEPALIMHUN TIEPIO] 3APEECTPOBAHO MOPYIIEHHA YyTIUBOCTI
LIKipYU HIDKHBOI I'yOH, SIKE 3HHUKJIO NPOTArOM 1—2 MiC, CHHIL, SIKi MaJIM TEHJICHLIIO /10 NOMMPEHHS HA HIHIO.
ITopymeHHs1 pyXOBOi iHHEpPBALlii HYIPKHBOI I'YOH, TEMATOMH T4 HATHOEHHS PAHU HE BUABJICHO B KOJHOI'O ITAI]i€H-
Ta. I3 Mi3HIX yCcKIagHeHb (4epe3 1—2 POKH) y KOJHOI'O MNAIiEHTA HE CIIOCTEPIrany 3MilEHHS IMIUIAHTATY,
Pe30POILil KiCTKOBOI TKAHMHY HYDKHBOI HIEJICIIH, TOPYIICHHS PYXOBOI AKTHUBHOCTI M’s131B OOIMYYS T4 YYTIIUBOC-
Ti HKHBOI I'YOH.

EcTreTndHui pe3ysraT OLHIOBIN yepe3 1 pik micssa onepartii. BinminHMi pesynsrat 3agikcoBaHo y 18 (85,7 %)
BUIIQJIKAX, JOOPHI — y 3 (14,3 %). Y :KOAHOI'O NALi€HTA HE OYJIO IIOI'AHOI'O PE3Y/IBIATY.

BucHOBKH. HU3bKMI PUBUK PO3BUTKY PAHHIX YCKIAJHEHD (JIMIIE TUMYACOBE ITOPYIIEHHA YyTIMBOCTI HIDK-
HBOI TYOU B 71,4 % BUNIA/IKIB) i BiICYTHICTD Mi3HiX YCKJIAZHEHD CBiIYATh PO 6E3MEYHiCTh 3AIIPOIIOHOBAHOI METO-
JUKA. YV BCiX MALHEHTIB M/ MEHTOIUIACTUKUA iHAMBIAYAJIbHUMU iMIUIAHTATAMU CTATUCTHUYHO ITOJHIIITUBCA
piznyHNNA Ta NCUXIYHUI KOMIIOHEHTH SKOCTi KUTTA (B yCixX BUNaAKax p<0,05). ECTeTUYHUI pE3YyNsraT OyB
BiIMIHHUM Y OUIBIIOCTI NAIEHTIB (85,7 %).

KJIX090Bi C1I0Ba: MCHTOIUIACTHKA, MIKPOT'€Hisl, IVIACTUKA TiAOOPIIISL
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