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Abstract

Background Several genioplasty techniques can narrow

the width of the chin. Nevertheless, patients with a broad

and short chin who received these methods were unsatisfied

with the outcomes. The goal of this study was to analyze

the clinical outcomes of modified M-shaped genioplasty

for broad, flat and short chin deformity.

Methods Thirty-eight patients with broad, flat and short

chins were included in this study from January 2019 to

December 2021. The preoperative design was performed

individually according to the data of the chin and the

patient’s desire of final chin shape. Narrowing and vertical

elongating genioplasty was performed for all the patients

with modified M-shaped genioplasty under general anes-

thesia according to the preoperative designs. All patients

have completed the FACE-Q preoperatively and 3 months

postoperatively. The results were evaluated by clinical

appearances and FACE-Q scores.

Results The vertical lengthening of the chin was 2–5 mm,

with an average of 3.02 mm. The horizontal narrowing

width was 3–6 mm, with an average of 5.6 mm. FACE-Q

scores in satisfaction with the chin increased significantly

from 35.34 ± 9.57 to 72.95 ± 6.81. There were no severe

complications took place during the time frame of

3–24 months postoperatively.

Conclusions The modified M-shaped genioplasty pre-

served the bone structure in the midsymphyseal area and

suprahyoid muscular attachments as far as possible, and the

bone segments may be repositioned quickly. This tech-

nique produced reliable and esthetically satisfying results

in correcting a short, flat and broad chin, with altered

vertical length, slope, width and protrusion three-

dimensionally.

Level of Evidence IV This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to Authors www.springer.com/00266.

Keywords Mandible � Genioplasty � Short chin � Broad
chin

Introduction

The chin is the most variable part of the lower third of the

face, and it plays a key role in the esthetic harmony, as well

as the balance of the entire face. Its protrusion and shape

are considered as an important features of facial attrac-

tiveness [1]. If the chin is underdeveloped or overdevel-

oped in the sagittal, vertical, or horizontal directions, it will

lead to the anomalies in shape, location and size, which

will further affect the whole facial contour. In East Asia,

people prefer a round, narrow and pointy chin (it is con-

sidered attractive, slender and feminine) rather than a flat

and broad one (it is considered as strong and masculine,

certainly not attractive) [2]. Therefore, the pursuit of

smaller appearance and smoothly shaped lower facial

contour has been the mainstream in Asians.

In order to satisfy these considerations with facial con-

touring surgery, several procedures have been proposed

and developed, such as the chin T-osteotomy [3], the

oblique mandibular chin-body osteotomy [4] and mini
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V-line surgery [5], which are the most widely used surgical

procedures for correcting broad chin. For patients present

with a short, flat and wide chin, the aforementioned

methods cannot elongate the chin vertically; however, the

vertical length is another important point to achieve

esthetically harmonized lower face. Recently, narrowing

and lengthening genioplasty has been paid increasing

attention; several authors have shared their new approaches

for chin narrowing and vertical lengthening [6–8]. The

basic principle of these methods is to narrow and elongate

the chin through a central segment resection or transposi-

tion at the symphysis. Intraoperative dissection of the

genial musculature of the lingual side may lead to addi-

tional bleeding and result in many problems, such as pal-

pable mass and bulging in the submental area, thereby the

esthetically natural line of the chin may be affected. Thus,

the authors introduce a simple and effective method to

correct the short, flat and broad chin deformity by using a

modified M-shaped osteotomy genioplasty.

Patients and Methods

Patients

Thirty-eight patients (5 males and 33 females), ranging in

age from 20 to 41 years (average of 27.3 years) underwent

narrowing and lengthening genioplasty from January 2019

to December 2021 were enrolled in this retrospective study

at the Affiliated Friendship Plastic Surgery Hospital of

Nanjing Medical University. All the patients came for

narrowing and lengthening the chin to achieve an estheti-

cally harmonious lower face were hospitalized for treat-

ment. Among them, 16 cases complained with a simple

short and square chin, 14 cases with a short and square chin

combined with bilateral mandibular angle prominent, and

the other 8 cases complained with a broad and short chin

after mandibular angle osteotomy. All the patients were

asked to complete the FACE-QTM appearance of the chin

questionnaire preoperatively and at least 3-month follow-

up visits; FACE-Q scores were calculated for each scale.

The mean FACE-Q score ranged from 0 to 100, with higher

scores reflecting higher level of satisfactory with their

appearance. The inclusion criteria were as follows: �

patients with broad and short chins who were scheduled to

undergo genioplasty for narrowing and lengthening the

chin; ` patients consented to the surgical approach and

participated in the follow-up voluntarily; ´ the follow-up

period was at least 3 months. The exclusion criteria

including: �patients with previous mandible injury or

genioplasty; ` patients who did not cooperate with surgery

and follow-up. All studies on human material were

approved by the ethics committees of the Affiliated

Friendship Plastic Surgery Hospital of Nanjing Medical

University and were performed in conformity with the

Declaration of Helsinki.

Preoperative Design

A three-dimensional facial skeleton scan was performed

for each patient using a CBCT scanner (HiRes3DCBCT,

Large V Instrument Corporation Ltd, Beijing, China.)

preoperatively. All the data of patients were saved in dig-

ital imaging and communications in medicine (DICOM)

format and imported into ProPlan CMF3.01 software

(Materialise, Leuven, Belgium) for 3D reconstruction of

the facial skeleton image. The preoperative design of the

patient was performed individually on the 3D reconstructed

image according to the width and length of the chin and

refers to the patient’s desired final chin shape. The amount

of advancement and lengthening was determined following

the criteria. Firstly, the ratio of the distance from the sub-

nasale to the stomion and the distance from the stomion to

gnathion is 1:2. Secondly, in facial profiles, the Ricketts’

esthetic line as a reference line for the chin prominence.

Based on the patients’ preferences and the location of the

mandibular canal, the chin osteotomy line was employed as

the anterior beginning point of the mandibular angle curved

osteotomy line for those who needed mandibular osteot-

omy at the same time.

Surgical Procedure

All the operations were performed through an intraoral

approach under general anesthesia with nasotracheal intu-

bation. The chin area was completely exposed lateral to the

mental foramen via a conventional intraoral vestibular

incision and subperiosteal dissection. The osteotomy line

was marked on the bone with methylene blue as planned,

two symmetrical osteotomy lines a, b and a’, b’ were

designed on both sides of the middle line of the chin (lines

a and a’ were more than 5 mm below the mental foramen),

and a, b and a’, b’ formed the ‘‘M’’ osteotomy lines

(Fig. 1A and B). After completing the osteotomies along

the marked line with a reciprocating saw, a V-shaped bony

strut in the middle and bilateral two segments were formed.

The medial ends of both bone segments converge with the

V-shaped bony strut in the center with a steel wire which

passing through the drilled hole, and the lateral ends move

medially along the lines a and a’, respectively (Fig. 1C and

D). According to the correction of the facial profile is

needed, the position of the bone segment was further

adjusted in the anteroposterior dimension to reach the

preoperatively designed position and fixed with miniplates

and screws. To achieve a smooth and natural curve of the

mandibular lower border, the bony steps, which produced
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by the bilateral repositioned bone segments at the inferior

edges of the mandible, were trimmed laterally on both

sides using a reciprocating saw and bur. For those who

needed mandibular angle osteotomy simultaneously,

according to the preoperative design, long curve osteotomy

of the mandibular angle was carried out at the end of the

chin osteotomy line to eliminate the bone steps bilaterally.

If further narrowing of the mandible body was required,

mandibular corticectomy was subsequently performed. The

gap between the bone segments were filled with bone

fragments of the resected mandibular inferior edge or

mandibular angle bone segments (Fig. 1E and F). After

hemostasis was satisfied, the incision was closed layer by

layer using 4-0 absorbable sutures with interrupted suturing

techniques. Prophylactic antibiotics were given for 2 days,

and the sutures were removed 10 days postoperatively.

Statistical Analysis

The FACE-Q scores are presented as the mean with stan-

dard deviation; the data were analyzed using SPSS version

26.0 software (SPSS Inc., Chicago, IL, USA). The 2 groups

were compared by Dunnett’s t test in a one-way analysis of

variance. P values \0.05 were considered statistically

significant.

Fig. 1 Schematic design of

osteotomy line and

intraoperative view. A Line a, b

and line a’, b’ forming a

M-shaped osteotomy line;

B intraoperative osteotomy lines

were marked. C The medial

ends of both bone segments

converge with the V-shaped

bony strut with a steel wire (red

arrow) and the lateral ends

move medially along the lines a

and a’, to lengthen and narrow

the chin. D Intraoperative view

of the V-shaped bony strut in

the center, the two lateral bone

segments were approximated at

the midline with a wire, moved

downward and forward to

change the length, width and

protrusion of the chin, and fixed

with miniplates and screws.

E After the bone segments were

fixed with miniplates and

screws, osteotomy of bilateral

lower mandibular margin to

remove the bony steps on both

sides. F The gap between the

bone segments were filled with

bone fragments of the resected

mandibular inferior edge or

mandibular angle bone

segments

123

Aesth Plast Surg (2023) 47:1111–1118 1113



Results

All procedures were completed successfully, with vertical

lengthening of the chin of 3 mm (18 cases), 2 mm (10

cases), 4 mm (9 cases) and 5 mm (1 case), with a mean of

3.02 mm. The chins were narrowed horizontally from 3 to

6 mm (mean 4.6 mm). The postoperative follow-up period

was 3–24 months (averaged 10.6 months). There were no

postoperative complications such as hematoma, wound

dehiscence, accidental fracture, surgical site infection, or

permanent neurosensory impairment. Thirty-eight patients

experienced varied degrees of sensory disturbance in the

lower lip area, but all recovered within 3 months. FACE-Q

scores of the patients in satisfaction with the chin increased

significantly from preoperative mean score of

35.34 ± 9.57 to 72.95 ± 6.81 postoperatively

(P\ 0.001). All patients were satisfied with changes that

made their facial contours improved (Figs. 2, 3, 4).

Discussions

The chin is the most important part of the lower third face

and plays an important role in the esthetics of the entire

face. The size, shape, position and proportion of the chin in

relation to the other elements of the face contribute to

facial balance and harmony [7]. Furthermore, changes in

both the vertical and horizontal positions of the chin, not

only have a significant impact on the appearance of the

lower lip and labial groove, but also on the contour of the

neck. Therefore, the goal of lower facial contouring sur-

gery is to improve the facial harmony and balance. There

are many aspects that should be considered when planning

surgical treatment for patients who seek cosmetic surgery

for recontouring lower face. Firstly, the proportion and

balance of all parts of the face should be considered.

According to the most utilized canons of equal thirds, an

‘‘ideal’’ facial contouring is that the vertical heights of the

upper, middle and lower thirds of the face are all equal.

Particularly within the lower third, the ratio of the distance

from the subnasale to the stomion and the distance from the

stomion to the gnathion is 1:2. The length of the designed

Fig. 2 A 25-year-old female

was admitted to the hospital

with a broad lower face and a

short, flat and broad chin;

mandibular angle long curve

osteotomy and modified

M-shaped genioplasty

ostectomy were performed. The

chin was lengthened 3mm,

advanced 6mm and narrowed

4mm. Preoperative (A, B,
C) and 2-year postoperative

photographs (D, E, F)

123

1114 Aesth Plast Surg (2023) 47:1111–1118



postoperative chin is determined by the above criteria. In

addition, surgical planning must be taken into account the

harmonization of transverse width and vertical height of

the face, and the patient’s ethnic, cultural background and

perceptions also should be considered.

For the patients with a broad and flat chin, some authors

reported such as T-shaped osteotomy genioplasty [3, 9],

oblique mandibular chin-body osteotomy [4], inverted

V-shape osteotomy [10], mini V-Line surgery [5],

Mandibular Angle-Body-Chin Curved Ostectomy [11],

U-Shaped osteotomy [12], One-Piece mandibuloplasty [13]

and so on, to achieve a satisfactory lower facial morphol-

ogy. However, for broad chin with vertical deficit cases, it

is necessary to increase the vertical length and change the

flat lower margin of the chin. Those methods narrow the

chin and change the slope of the lower margin, but do not

increase the vertical length and cannot achieve the lower

facial harmony. As for the patients with insufficient vertical

length of the chin, several investigators suggest that

extending the chin downwards with interpositional graft

between the fragments, and fix them through osteosynthe-

sis. Such as horizontal osteotomy genioplasty or T-shaped

genioplasty, downwards and advanced the bone fragment

as well as filling the interpositional gap with autogenous

bone grafts obtained from the skull, iliac crest and

resected mandibular angle [14–17]. However, the harvest

of bone grafts from skull or iliac is not only a complicated

and traumatic procedure, but also has donor site morbidity.

In order to avoid these shortcomings, various alloplastic

materials have been used as interpositional grafts, such as

fresh-frozen bone, hydroxyapatite and coral [18–20].

However, all the materials have low torsional resistance,

are easy to break and have high risk of infection. Anquetil

et al. [6] described a novel technique that an inverted

trapezoid osteotomy used as a wedge to elongate the chin

without any interpositional bone graft; all the patients

achieved good esthetic and morphometric outcomes. This

method cannot narrow and alter the slope of the

parasymphysis border, which may lead to square chin

deformity or bony steps on both sides of the chin as well as

bone nonunion in case of soft tissue embedded in inter-

positions. Lee et al. [8] designed a procedure to extend the

chin by using the abandoned central segment in narrowing

genioplasty to rotate 90 degrees as a pedicled interposi-

tional graft, succeed in making the slope of the chin steeper

and producing a more slender lower facial contour.

Fig. 3 A 23-year-old female

complained with a broad, flat

and short chin after mandibular

angle osteotomy underwent

modified M-shaped genioplasty

with the chin lengthening 3mm

and narrowing 4 mm.

Preoperative (A, B, C) and
2-year postoperative

photographs (D, E, F)
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Another method to correct a short and wide lower face was

reported by Lee et al. [7], in which they designed an

upside-down trapezoidal shape osteotomy in the center and

the distal segment was removed; in this way, the chin was

narrowed and elongated by bilateral bony segments which

were approximated in the center and fixed with the central

upside-down trapezoidal segment. Both methods narrow

and lengthen the chin without interpositional grafts, and

achieve excellent stability after genioplasty. The advantage

of both methods comes from the central pedicled bone flap

or bone strut with the muscle attached to the posterior side,

thereby reducing the risk of potential complications asso-

ciated with bone graft. However, both of them are com-

plicated procedures with prolonged surgery time. In

addition, the removal of the distal part or rotation of the

central segment may damage the suprahyoid muscular

attachments.

Lee et al. [21] developed an M-genioplasty, in which the

bone segments in the middle and both sides of the chin are

resected in a wedge shape and the preserved bone segments

are rotated to be fixed together with the main segment.

Keyhan et al. [22] introduced zigzag genioplasty to narrow

and shorten the chin. In these methods, the oblique

osteotomy lines are similar to that of M-genioplasty.

However, the location and amount of resected bone seg-

ments are different. In zigzag genioplasty, the central

V-shaped strut was preserved, and the resected bone seg-

ments are close to the V-shaped strut bilaterally. In both

methods, the authors obtained satisfactory results without

severe complications. Nevertheless, some cosmetic prob-

lems, such as palpable bony step, irregular margin, jowl

redundancy and mentalis hyperactivity, were observed in a

few cases [16]. However, both methods are designed for

transverse reduction of chin, rather than sagittal and ver-

tical chin augmentation. Farina et al. [23] reported the

M-shaped genioplasty for sagittal and vertical chin aug-

mentation. The osteotomy line is almost the same as the

above two methods except not reaching the submental

margin at the middle line. After osteotomy, the bone seg-

ment is advanced and descended to the preoperatively

designed position and fixed without bone graft in the

interposition. In this way, the slope of the chin cannot be

changed, and there may be obvious gaps in between the

bone segments, which may be embedded by soft tissue,

which result in bone nonunion and bony steps at the lower

edge of the mandible. Combining these methods, we

Fig. 4 A 19-year-old girl with a

receding, flat and short chin

underwent modified M-shaped

genioplasty; the chin was

lengthened 3 mm and advanced

8 mm. Preoperative (A, B,
C) and 2-year postoperative

photographs (D, E, F)
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designed a modified M-shaped osteotomy of the chin, in

which the central V-shaped strut was preserved; both the

distal bone segments were moved downward along with

line b and b’ medially, which were also be advanced to the

desired position to reach the length and protrusion of pre-

operative design. After fixing the bone segments with

miniplates and screws, the line a, b, line a’, b’ and the two

bone segments formed two triangle structures on both sides

of the central V-shaped strut. This triangular structure,

which is stable, strong and pressure tolerated after surgery,

facilitates the position the bone segments intraoperatively.

Furthermore, the preservation of the central V-shaped strut

not only preserves the attachments of the suprahyoid

muscle at the mid mental line, but also keeps the most

important anatomical portion of the symphysis area intact.

After osteotomy, the bony segmental blocks can be setback

and advanced, up and downward flexibly, which can

resolve the problem of the curvature, length and protrusion

of the chin. The bone removal is flexible during the oper-

ation, which resulted from adjusting the osteotomy volume

on both sides and the angle between the distal bone seg-

ments on both sides of the central V-shaped strut, the chin

asymmetry can be effectively corrected and narrowed to

different degrees. By combining genioplasty with

mandibular angle long curve osteotomy, the entire slope of

the mandibular lower border can be altered completely

without any bony steps. For patients who underwent

genioplasty alone, to obtain a smooth contour of the lower

mandibular border, a reciprocating saw and burs were used

to trim the bony steps at the chin-mandible junction. Bony

gaps between the segments can be present to some degree

after fixation, bone fragments from the mandibular angle or

chin-mandible junction were used for bone graft to the

gaps. In fact, it is not a significant concern if the bony gap

without bone graft does not contribute to contour defor-

mity. With this modified M-shaped genioplasty, the chin

was flexibly altered in the vertical length, slope, width and

protrusion three-dimensionally, and the patients’ outcome

satisfaction with the chin measured by FACE-Q question-

naire has been significantly improved.

The major limitation of this study that must be

acknowledged is its retrospective nature and the lack of

control. In addition, we also do not include a direct com-

parison to patients who underwent other genioplasty pro-

cedures. Despite these limitations, we believe that this

approach may be useful for surgeons considering lower

facial recontouring for their properly selected patient.

Conclusions

The chin plays an important role in balance and harmony of

the face. As facial contouring surgery becomes more and

more popular, we should pay full attention to genioplasty

surgery. The modified M-shaped genioplasty technique

produced reliable and esthetically satisfactory results in

correcting the short, flat and broad chin with altered ver-

tical length, slope, width and protrusion three-dimension-

ally. This method not only preserved the bone structure in

the midsymphyseal area and suprahyoid muscular attach-

ments as far as possible, but also repositioned the bone

segments quickly with the preserved central bone strut.

Thus, it is a simple and easy operation with reliable,

stable results and relatively low morbidity.
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