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a b s t r a c t

Background: The orthosurgical treatment of a 13-year-old girl who had undergone two previous un-
successful orthodontic treatments is described and discussed. She presented with a Class II, Division 1
malocclusion with marked discrepancy between maxilla and mandible, pronounced overjet, and convex
profile.
Methods: Orthodontic preparation was performed with a full fixed orthodontic appliance (Standard
Edgewise, 0.022 � 0.028 in), followed by orthognathic surgery with mandibular advancement and
genioplasty at age 14, when she was at the end of growth.
Results: At the end of treatment, the patient exhibited a good facial appearance, a pleasant smile with
coincident midlines, adequate gingival display, and correct dental relationships that remained stable
after a 2-year follow-up.
Conclusions: In cases of patients with mandibular deficiency and marked discrepancy between the
maxilla and mandible, orthosurgical treatment can be performed by sagittal split osteotomy and gen-
ioplasty with predictable and stable results in female patients who are in the final stage of craniofacial
growth and exhibit harmonious growth.

� 2015 World Federation of Orthodontists.
1. Introduction

About 70% of Class II malocclusion cases show skeletal
discrepancy between the maxilla and mandible. Mandibular ret-
rognathia is the most common problem [1]. Consequently, in many
patients, performing only orthodontic treatment is not sufficient to
properly rehabilitate facial aesthetics, function, and occlusion.
Thus, surgical procedures play a significant role in the correction of
Class II [2]. The most common surgery is mandibular advance-
ment, and when orthodontic planning does not include ortho-
dontic decompensation of the lower incisors, mandibular
advancement may be insufficient to attain a harmonious facial
profile. Therefore, genioplasty is indicated as an auxiliary resource
[3].

This approach is viable in patients with established bone
maturity, but its implementation in patients with active craniofacial
growth remains controversial. Thus, the surgical option should be
based on individual malocclusion characteristics and the degree of
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aesthetic dissatisfaction of the patient [4e6]. The key rationale for
carrying out orthognathic surgery before the end of growth is when
there is a maxillomandibular discrepancy sufficiently harmful so as
to interfere with function, aesthetics, and psychosocial well-being.

When surgical intervention during adolescence becomes a ne-
cessity, three factors should be considered: (1) Mandibular
advancement should not exceed 10 mm at the risk of post-
treatment instability [7,8], (2) facial growth should be normal (i.e.,
the existing maxillofacial discrepancy should remain stable
throughout the growth period), and (3) the temporomandibular
joints (TMJs) should be healthy [5]. Thus, stability can be observed
after the successful execution of the techniques of osteotomy of the
mandibular ramus, along with a proportional maxillomandibular
growth [5,7].

Reported here is a clinical case and its preparation and
completion of orthodontic treatment. Also described are the sur-
gical procedures involving mandibular advancement and genio-
plasty in a female patient who presented for treatment at age
13 years 1 month with mandibular retrusion. In addition, she re-
ported that two previous orthodontic treatments had failed. After a
2-year follow-up since the treatment was completed, the case re-
mains stable and the patient reports great emotional satisfaction.
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2. Diagnosis and cause

A white female patient aged 13 years 1 month sought a new
orthodontic treatment given that she was unhappy with the two
previously completed orthodontic treatments. Her chief complaint
was mandibular retrusion and the unpleasant facial appearance
resulting from this disharmony.

Examination of the patient’s face revealed a convex profile with
mandibular retrusion and well-positioned maxilla. The lower lip
was everted and protruding relative to the chin. Front view exam-
ination disclosed that the patient had a very mild facial asymmetry
with a normal smile line and adequate exposure of teeth at rest
(Fig. 1).

Intraoral clinical examination revealed satisfactory oral hygiene.
The second molars were not fully erupted, whereas the first molars
and canines were in angle Class II, Division 1 relationship. The
upper anterior teeth had brackets bonded to them but without
orthodontic arch wire, and there was a fixed lingual retainer placed
on the lower anterior teeth. The maxillary arch had a e2-mm space
deficiency and the lower dental arch was normal, with 1 mm curve
of Spee. There was an 8-mm overjet and 2-mm over bite, with the
Fig. 1. Pretreatment facial an
upper and lower midlines coinciding with each other and with the
face (Figs. 1 and 2), as well as a deviation in the pattern of
mandibular closure with occlusal interferences that caused the
mandible to slide with no signs and symptoms in the TMJs.
Breathing was predominantly nasal without oral habits, and med-
ical history did not indicate systemic changes.

The panoramic and periapical radiographs showed the presence
of right maxillary third molar formation, second molars with
apexes still under formation, and the absence of periodontal or
periapical changes that might affect the orthodontic treatment
(Figs. 3 and 4).

In the measurements performed on the lateral cephalometric
radiograph (Fig. 5 and Table 1), there was a retrusion of the maxilla
and mandible relative to the cranial base with marked maxillofacial
mandibular discrepancy (sella nasion point A ¼ 79�; sella nasion
point B ¼ 71�; A point, nasion, B point ¼ 8� and distance between
AO point and BO point on occlusal plane [Wits] ¼ 6.5 mm) and a
good vertical relationship (sella nasion gonial gnathion intersec-
tion, 35�; Frankfurt mandibular plane angle, 24�), and angle of
convexity of 9�, appropriate upper lip relationship and a slight
retrusion, but with eversion of the lower lip (upper lip to Steiner
d intraoral photographs.



Fig. 2. Pretreatment dental casts.
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line, 0 mm; lower lip to Steiner line, e0.5 mm). The upper incisors
were well positioned (1-nasion point A ¼ 6 mm and 1.nasion point
A ¼ 24�) and the lower incisors inclined labially (1-nasion point
B ¼ 8.5 mm; 1.nasion point B ¼ 33� and incisal mandibular plane
angle ¼ 116�).
3. Treatment Objectives

(1) align and level the teeth in their bony bases; (2) correct the
Class II, Division 1; (3) obtain a harmonious facial profile with
adequate maxillomandibular relationships; (4) decrease the
marked overjet and eversion of the lower lip; (5) improve the
Fig. 3. Pretreatment pan
relationship between lower lip and chin; (6) obtain a mutually
protected occlusion with stable and simultaneous occlusal contacts
for all teeth; and (7) stabilize the treatment after the craniofacial
growth ends.
4. Treatment alternatives

Factors such as (1) two previous orthodontic treatments with
unsatisfactory results (due to an uncooperative patient in the use of
growth control appliances), (2) the patient’s age, and (3) the large
mandibular retrusion, with marked discrepancy between the
maxilla and mandible, were seen as hurdles to a new treatment
oramic radiograph.



Fig. 4. Pretreatment periapical radiographs.
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with excellent results, without compromise and with high pre-
dictability. As a first option, orthosurgical treatment with mandib-
ular and chin advancement was proposed.

An alternative plan involved extracting the first two premolars
for orthodontic camouflage, keeping the Class II molar relationship,
and reducing the sharp overjet by achieving good anterior occlusal
relationships. Facial aesthetics would still be compromised because
the mandibular deficiency would not be resolved.

Another alternative treatment would involve the use of an
extraoral appliance, but it was ruled out because it had already been
used in previous treatments without patient compliance.

A third alternative would be to use miniplates for anchorage.
There would still be the need for extractions, possibly the upper left
Fig. 5. Pretreatment lateral cephalom
thirdmolar or first premolar.With this alternative, overjet would be
significantly reduced, and a Class I molar relationship could even be
obtained, but it still would not resolve the mandibular deficiency.
5. Treatment progress

Treatment consisted of three steps: (1) presurgery orthodontic
preparation by aligning and leveling the teeth in their bony bases, a
sequence of impression taking and modeling, and manipulation of
the casts to assess the occlusion; (2) orthognathic surgery proper,
whereby a sagittal split osteotomy and genioplasty were performed
to advance the mandible 6 mm and the chin 8 mm; (3) orthodontic
etric radiograph and tracing (T1).



Table 1
Cephalometric measurements: Normal; Pretreatment; Pre-surgery; Post-surgery; Post-treatment and at 2 years follow-up after the end of treatment

Measure Normal Pretreatment (T1) Presurgery (T2) Postsurgery (T3) Post-treatment (T4) Follow-up (T5)

Age 13 y 1 mo 13 y 11 mo 14 y 0 mo 15 y 7 mo 17 y 7 mo
Skeletal pattern
SNA (�) 82 79 80 80 79 79
SNB (�) 80 71 72 76 75 75
ANB (�) 2 8 8 4 4 4
Facial Convexity (�) 0 9 14 3 4 6
y-axis (�) 59 66 64 65 62 62
Facial angle (�) 87 84 87 87 88 88
SN.GoGn (�) 32 35 34 35 36 36
AO-BO (mm) �1 6.5 10 �0.5 3.5 3
Pog-NB (mm) 2 2.5 5 3.5 4
FMA (�) 25 24 20 24 24 24
Dental pattern
IMPA (�) 87 116 116 110 109 106
1.NA (�) 22 24 28 29 28 22
1-NA (mm) 4 6 6 6.5 6 4
1.NB (�) 25 33 40 40 39 35
1-NB (mm) 4 8.5 9 9.5 8.5 9
1.1 (�) 131 117 103 106 108 105
Profile
Upper lip to S line(mm) 0 0 0.5 �3 �2 �2
Lower lip to S line(mm) 0 �0.5 4 �2 0 �1

SNA, sella-nasion-A point angle; SNB, sella-nasion-B point angle; ANB, A point-nasion-B point angle; SN.GoGn, SN line-GoGn line angle; AO-BO, distance between AO point and
BO point on occlusal plane; Pog-NB, distance from Pog point to NB line; FMA, Frankfort-mandibular plane angle; IMPA, incisal mandibular plane angle; 1.NA, long axis upper
incisor-NA line angle; 1-NA, distance from most mesial point on the crown of upper incisor to NA line; 1.NB, long axis upper incisor-NB line angle; 1-NB, distance from most
mesial point on the crown of upper incisor to NB line; 1.1, interincisal angle; S, Steiner.
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finishing by reassembling some accessories, placing bends and
adjustments in the arch wires, and using intermaxillary elastics.

Initially, the brackets bonded to the upper teeth and the lower
lingual retainer bonded to the canines, which the patient still had
from the previous treatment, were removed.

A Standard Edgewise 0.022 � 0.028-in fixed orthodontic
appliance was bonded to all teeth. Second molar tubes were
Fig. 6. Presurgery
bonded as soon as possible after eruption. Alignment and leveling
were achieved with Thermoset 0.014-in and 0.019 � 0.025-in
nickel-titanium wires. After 10 months of treatment, an impres-
sion was taken to confirm the quality of intercuspation under
manipulation, and new radiographic records were requested
(Figs. 6e8). Then, 0.019 � 0.026-in stainless steel wires were
prepared and adapted with vertical hooks soldered to the
dental casts.



Fig. 7. Profile cephalometric radiographs and tracing before orthognathic surgery. Orthodontic preparation progress (T2).
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interproximal spaces in both arches to ensure stability during
orthognathic surgery procedures.

The radiographs and cephalometric tracings were superimposed
immediately after surgery (Figs. 9e11), and illustrate the correction
of the Class II skeletal discrepancy and severe overjet. The genio-
plasty achieved lip competence and improvement in the relation-
ship between the chin and the lower lip.

After surgery, the arch wires with hooks were replaced with
0.019 � 0.026-in stainless steel arch wires fabricated with delta
loops located between the lateral incisors and upper and lower
canines for the use of intermaxillary elastics. Anterior vertical
elastics were attached to the delta loops to improve intercuspation,
Fig. 8. Cephalometric superimpositions: pretreatment and presurgery (T1-T2).
as well as Class III elastics on the left side, and Class II elastics on the
right side to improve the sagittal correction and consequently the
midline correction.

Twenty-five months into treatment, the fixed appliance was
removed and a lower lingual retainer made from 0.028-in steel wire
was bonded to the canines. Additionally, a 0.036-in steel wire
wraparound-type retention plate was placed in the maxillary arch.

6. Results

There was a significant improvement in facial aesthetics with a
balanced profile, proper alignment, leveling, and intercuspation.
Class I relationship between canines andmolars was achieved, with
proper overbite and overjet (Figs. 12e16). The total treatment time
was 25 months. Functionally, the patient developed lip compe-
tence. Moreover, the eccentric mandibular movements exhibited
anterior guidance, with efficient canine movements. From a psy-
chosocial standpoint, the patient developed more cheerful and
sociable behavior and an outgoing attitude.

At the time of the orthognathic surgery, the patient was 14 years
2 months old. After appliance removal, facial aesthetics remained
harmonious and dental occlusion, over bite, and overjet stabilized.
The cephalometric measurements obtained at this stage confirm a
highly favorable outcome (Table 1).

The facial, intraoral (Fig. 17), dental cast photographs (Fig. 18),
and panoramic and periapical radiographs (Fig. 19) taken over a 2-
year follow-up period also exhibit excellent aesthetic and func-
tional stability of the results. There is reason to believe that the
results will stabilize because at this stage, the patient is 17 years
7 months old and therefore beyond the growth period.

The cephalometric measurements (Table 1) obtained during the
2-year follow-up period show that the skeletal discrepancy be-
tween the maxilla and the mandible remained stable. This was also
evident in the measurements of the tracing of superimposition of
post-treatment and 2-year follow-up results (Figs. 20,21).

7. Discussion

Retreatment of orthodontic cases is a challenge for any profes-
sional as it is often no longer possible to rely on growth given the
patient’s age. Furthermore, there is potential risk of root resorption



Fig. 9. Profile cephalometric radiographs and tracing immediately after surgery (T3)
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occurring, or increasing, if already present. In this case, orthog-
nathic surgery was the best option because it reduced the need for
compliance in the use of auxiliary devices, streamlined the me-
chanics, and decreased treatment time.

Among themain indications for orthognathic surgery in patients
with active facial growth is the psychosocial factor. Facial attrac-
tiveness influences the way mothers interact with their children,
the number of friends, and professional relationships, both in
landing a job and in garnering recognition at work [4,5]. Despite the
lack of a facial deformity, as in syndromic patients, the patient in
this case expressed dissatisfaction with her facial appearance. In
fact, this was the chief complaint. This fact was taken into account
because the patient was in her teens and improving self-esteem
would be a major treatment benefit [9e11].

On average, growth spurt peaks in girls at age 12 years and in
boys at age 14 years [12]. As of approximately 15 years of age, girls
reach 98% of their full adult facial growth, and their facial shape
subsequently undergoes few additional changes [13,14].

Studies suggest that in girls who present with Class II, Division 1,
the correctness and stability of the Class I molar relationship can be
Fig. 10. Panoramic radiograph
achieved more easily, between the ages of 10 and 14. This is unlike
in boys, whose mandibles are expected to exhibit a greater vertical
growth component [15]. Between the ages of 12 and 15, the anterior
facial height increases, on average, 1.7 mm in girls. These changes
occur early in puberty and in the late teens, when the amount of
growth is considerably lower [16].

Although significant facial and mandibular growth still occurs in
girls in their late teens, these growth increments are smaller than
those found in boys [17].

The mandibular growth patternwill determine the final amount
of maxillomandibular discrepancy [18,19] and the feasibility of
surgery being performed in the growth phase. When development
is disharmonious, with a poor mandibular growth rate, the
malocclusion and deformity will likely worsen with growth.
Moreover, if early surgical correction is performed, recurrence may
take place, because the maxilla will continue its normal develop-
ment while the mandible will remain in retrusion.

When development is harmonious, the preexisting deformity
and malocclusion will stop developing by the end of growth,
thereby yielding a predictable and stable outcome. In these
immediately after surgery.



Fig. 11. Cephalometric superimpositions: presurgery and postsurgery (T2-T3).
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patients, dental and skeletal patterns are established around 8 years
of age, and mandibular advancement can be performed from age
12, shortly after the eruption of the second molars, by using the
sagittal split osteotomy of the mandibular ramus [3,20,21].

The results of mandibular advancement surgery in the growing
child will vary depending on the amount of advancement achieved,
so the smaller the advancement, the more stable is the outcome.
Further, this does not appear to vary with age (above age 11), sex,
mandibular discrepancy cause, mandibular plane angle, dental
overlap, or concurrent surgical procedures [8].

The absence of TMJ signs and symptoms is a factor that favors an
indication for surgery and contributes to the stability and predict-
ability of the outcome. Individuals with preexisting TMJ dysfunc-
tion undergoing orthognathic surgery, particularly mandibular
advancement, are likely to experience significant worsening of the
dysfunction after surgery. Therefore, the preoperative evaluation of
the TMJs is critical to the success of orthognathic surgery because
pathologies that remain undiagnosed or untreated are a major
factor leading to postoperative complications, which result in poor
and unpredictable results [21,22].

Genioplasty is often necessary. It involves sliding basilar
osteotomy combined with sagittal split osteotomy of the
mandibular ramus to improve facial aesthetics where no extrac-
tions were performed. This procedure improved the position of the
lower lip and lip competence while also improving aesthetic
results.

8. Conclusions

In cases of patients with mandibular deficiency and marked
discrepancy between the maxilla and mandible, orthosurgical treat-
ment can be performed by sagittal split osteotomy and genioplasty
with predictable and stable results in female patients who are in the
final stage of craniofacial growth and exhibit harmonious growth.
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Fig. 13. Post-treatment dental casts.

Fig. 14. Post-treatment periapical radiographs.
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Fig. 15. Posttreatment lateral cephalometric radiograph and tracing (T4).

Fig. 16. Cepha lometric superimpositions: pretreatment and post-treatment (T1-T4).
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Fig. 17. Facial and intraoral photographs at 2-year follow-up.
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Fig. 19. Panoramic radiograph at 2-year follow-up.

Fig. 18. Dental casts at 2-year follow-up.
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Fig. 21. Facial and intraoral photographs at 2-year follow-up (T4-T5).

Fig. 20. Lateral cephalometric radiograph and tracing 2-year follow-up (T5).
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