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Introduction
Over the past two decades, orthodontics has undergone a revolutionary transformation driven by rapid 
technological advancements and refined clinical protocols. While the underlying biologic principles remain 
constant, modern innovations have ushered in an era of unparalleled precision, predictability, and efficiency 
in treatment. This evolution has not only shortened treatment times but has also elevated patient care to 
new standards.

This book is a comprehensive guide to contemporary orthodontic practice, carefully curated to address 
the diverse challenges and opportunities encountered by today’s clinicians. It is structured around six pivotal 
areas that represent the cutting edge of the field. The text begins by exploring modern applications of 
traditional orthodontics through advanced techniques in braces—whether buccal or lingual— to demonstrate 
how age-old methods have been reimagined for improved outcomes. Next, an in-depth exploration of clear 
aligners showcases innovative biomechanics and hybrid approaches designed to manage even the most 
complex cases.

For scenarios that require surgical precision, the discussion on ortho-surgery combined with temporary 
anchorage devices (TADs) offers insights into resolving skeletal and transverse discrepancies with confi-
dence. The book also addresses the multifaceted challenges presented by temporomandibular joint (TMJ) 
management, providing strategies to diagnose and treat disorders that impact both function and overall 
oral health. Rounding out the content is an exploration of Digital Smile Design (DSD), in which state-of-
the-art digital tools are employed to visualize and plan treatments, ensuring both esthetic and functional 
excellence.

The esteemed contributors, hailing from diverse corners of the globe—including the USA, Brazil, and 
various parts of Europe—are celebrated for their profound influence in shaping generations of orthodontists 
worldwide. With unparalleled expertise and a legacy of excellence, they have dedicated their careers to 
advancing the field. This book offers a rare opportunity to delve into their minds, guiding the reader 
through the intricate journey of diagnosis, treatment planning, and execution. By weaving together 
meticulously presented cases, it provides an insightful exploration of their thought processes and clinical 
decisions, and the mastery that defines their approach to orthodontic care.
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1Comprehensive Phase I and Phase II 3D 
Digital Orthodontic Diagnosis and Treatment 
for a Patient with Significant Mouth Breathing 
and Snoring Habits, Severe Crowding, and 
Transposed Maxillary Lateral Incisors and 

Canines
Edward Y. Lin

1.1	 Introduction

Sleep-disordered breathing in children can mani-
fest in a wide range of respiratory symptoms. In its 
mildest form, it can present as mouth breathing 
and snoring, and in its most severe form, as ob-
structive sleep apnea (OSA) resulting in hypoxic 
episodes during sleep. The consequences of 
sleep-disordered breathing are believed to impact 
metabolic and neurocognitive development, pos-
sibly leading to learning disabilities. There is also 
scientific evidence indicating a direct association 
with airway and craniofacial development result-
ing in significant malocclusions.1 Traditionally, 
the recommended treatment for pediatric OSA pa-
tients is tonsillectomy and adenoidectomy. How-
ever, many other factors are involved such as re-
duced airway volume (upper, middle, and lower), 
retrognathia, constricted maxillary and mandibu-
lar arches, maxillary sinus obstruction with 

pathology, and nasal cavity obstruction with hy-
pertrophied nasal turbinates, deviated nasal sep-
tum, and macroglossia. As a result, the orthodon-
tist plays a significant role in the early diagnosis 
and treatment planning for patients who attend 
the practice with sleep-disordered breathing is-
sues, or craniofacial development concerns, as well 
as correcting the resulting malocclusions.

In order for the orthodontist to properly diag-
nose and plan treatment of sleep-disordered breath-
ing issues in any patient, there are three critical 
steps that must be performed:
1.	 Thorough medical history including a sleep 

questionnaire (mouth breathing, snoring, bed-
wetting, behavioral issues, and sleep pattern).

2.	 Thorough clinical orthodontic evaluation in-
cluding evaluation of tonsils and tongue size.

3.	 Low-dose CBCT scan to evaluate the patient’s 
maxillary sinuses, airway volume, and dental 
eruption paths.
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1  Comprehensive Phase I and Phase II 3D Digital Orthodontic Diagnosis and Treatment

1.2	 Case Presentation

A girl aged 11 years and 5 months presented with 
her mother for her examination as a new patient. 
The chief complaint was severity of crowding and 
dental alignment, with a desire to achieve a more 
esthetic smile, and resolve significant mouth breath-
ing and snoring habits. 

Frontal facial evaluation revealed a dolichoce-
phalic facial growth pattern. Profile evaluation 
revealed a retrognathic profile with a recessive 
chin. Her nasolabial angle was 130 degrees. Both 
upper and lower lips appeared normal and compe-
tent at repose. A frontal smile evaluation revealed 
a significantly high upper smile line and gummy 
smile with 8 mm excessive gingival tissue display 
when smiling. There was also an anterior maxil-
lary cant present 7 mm up to her left when smil-
ing. Buccal corridors were also evident when 
smiling due to her constricted maxillary and man-
dibular arches.

Intraoral examination revealed a Class I maloc-
clusion with delayed eruption of her teeth 12, 33, 
and 43. She presented with a vertical overlap 
(overbite; OB) of 50% and a horizontal overlap 
(overjet; OJ) of 6 mm, and an increased mandibular 
curve of Spee (COS). Arch length deficiencies were 
present in both the maxilla (7 mm) and mandible 
(12  mm). The maxillary and mandibular arches 
were asymmetric and tapered in arch forms with a 
bilateral posterior edge-to-edge relationship. Peri-
odontal evaluation revealed healthy oral mucosal 
and gingival tissue. However, her gingival tissue 
was hypertrophied in appearance due to her mouth 
breathing and snoring habits. Her tonsils were 
within normal limits in size and were not enlarged 
upon clinical examination (Fig 1-1a to i).

For the radiographic examination, a panoramic 
radiograph was taken using i-CAT NextGen Quick

Scan dental CBCT unit (Imaging Sciences, Hatfield, 
PA, USA) (4.8 seconds scan time and 0.3 mm voxel 
size) and low-dose CBCT scan at a field of view 
(FOV) of 8  ×  16  cm. The panoramic radiograph 
revealed only tooth 27 to be present and under de-
velopment at this time. Her alveolar bone height 
appeared healthy and within normal limits for both 
maxillary and mandibular arches. However, teeth 12, 
33 and 43 were impacted due to the severity of 
crowding, with root development complete for 
tooth 12 and nearly complete for teeth 13 and 23 
with little active eruption remaining. Teeth 12, 13, 
22, and 23 were transposed with definite potential 
for teeth 13 and 23 to be impacted or to cause root 
resorption for teeth 11, 12, 21, and 22. There were no 
third molars present at this stage (Fig 1-2).

The 2D digital cephalometric radiograph re-
vealed a Class II skeletal relationship with ANB = 5.2 
degrees. She had an open bite skeletal growth pat-
tern with SN-MP  =  44.4 degrees. Her mandibular 
incisors were also retroclined with IMPA = 82.7 de-
grees (Fig 1-3). 

A low-dose CBCT scan was taken with an i-CAT 
NextGen.2,3 QuickScan (4.8 seconds scan time and 
0.3 mm voxel size with an FOV of 8 x 16 cm).5 Essen-
tially, this is a panoramic field-view setting, therefore 
no lateral cephalometric radiograph was created after 
the CBCT scan. The eruption of the maxillary lateral 
incisors and canines was of greater concern as they 
were transposed with a significant risk of root re-
sorption in teeth 11, 21, and 12, 22 as a result. In ad-
dition, an airway evaluation for this patient was 
scheduled as the oropharyngeal space, the naso-
pharyngeal space, and the nasopharyngeal area of 
the upper airway were severely constricted, which 
was evident from the excessive gingival display and 
hyperplastic maxillary gingival tissue (Fig 1-4a to d).

Evaluation of her maxillary sinuses on the CBCT 
scan showed them to be radiolucent and clear with 
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1.2  Case Presentation 

no pathology present. However, there was a mild 
nasal septal deviation to her right with hypertro-
phied inferior right and left nasal turbinates pres-
ent.4 Evaluation of her upper airway indicated an 
obstruction in her nasopharynx due to hypertro-
phied adenoid tissues. Red arrows on the left 
cross-sections indicate a deviated nasal septum to 
her right with hypertrophied right and left inferior 
nasal turbinates. Red arrows on the right cross-sec-
tions indicate a constricted upper airway with hy-
pertrophied adenoids (Fig 1-5).

Her upper airway cross-sectional area was right 
at the minimum normal threshold at 104 mm2 and 
below the normal threshold airway volume at 
2,222  mm3 (Fig  1-6). However, more research is 
needed to truly define and obtain a general consen-
sus for normative 2D and 3D airway values.4 The 

middle and upper portions of her lower airway 
were within normal limits with a cross-sectional 
area of 399 mm2 and volume of 7,672 mm3 (Fig 1-7). 
It is generally considered that there should be a 
minimum cross-sectional area of 100  mm2 with a 
minimum airway volume of 3,000  mm3, which is 
mainly the baseline for airway evaluations under-
taken by this author.

The anterior nasal cavity width from a frontal 
view was measured at 19.4 mm. There are many dif-
ferent facial types (dolichocephalic, mesocephalic, 
and brachiocephalic) that impact the shape of the 
nasal cavity. This measurement was taken to estab-
lish a baseline prior to the initiation of any ortho-
dontic treatment as the size of the nasal cavity 
should be taken into consideration with airway 
evaluation (Fig 1-8).

1-5 1-6

1-81-7
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1-9a 1-9b 1-9c

1-9d 1-9e 1-9f

1.3	 Treatment plan considerations

The debate of extraction versus non-extraction 
orthodontic treatment remains contentious in or-
thodontics. However, the author’s treatment philos-
ophy has always been more non-extraction orien-
tated. For this case, with significant concerns about 
airway obstruction, the severity of her maxillary 
and mandibular arch constriction and her constrict-
ed and gummy smile. The author’s personal belief 
was that the combination of RPE with a fixed appli-
ance would create an optimal occlusion with en-
largement of the airways and provide sufficient 
space for the function of the tongue (Fig 1-9).

1.4	 Treatment progress

A Phase I, non-extraction treatment plan beginning 
with an RPE appliance was recommended to the 
parents of the patient due to concerns with her re-
duced upper airway volume, gummy and tapered 
smile, severity of crowding, and transposed teeth. 

For her transposed teeth 12, 13, 22, and 23, extrac-
tion of both maxillary canines was recommended 
by her dental practitioner prior to the start of ortho-
dontic treatment. Following primary teeth extrac-
tions, orthodontic treatment was initiated with the 
RPE. Instructions were given to turn the RPE key 
one turn every other day. There were a total of 
30  turns resulting in 7.5  mm of expansion (man-
dibular fixed appliances for arch form development 
and open coil springs for teeth 33 and 43. Approxi-
mately 2 months after the treatment began with the 
RPE, American 0.018” Empower self-ligating brack-
ets (American Orthodontics) were directly bonded 
for her 54, teeth 12 and 22, and 64 and a 0.016” Cu-
NiTi wire was placed as her initial archwire. Active 
open coil springs were placed for teeth 13 and 23 to 
create more space than necessary due to her trans-
posed teeth. Approximately 2.5  months after her 
brackets were bonded in her maxillary arch, Amer-
ican 0.018” Empower self-ligating brackets were di-
rectly bonded in her mandible for tooth 46, 84, teeth 
42 and 32, 74, and tooth  36, and a 0.016” CuNiTi 
straight wire was placed as her initial archwire. 
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1.4  Treatment progress 

Active open coil springs were placed for teeth  43 
and 33 to create space and allow for eruption of 
these teeth. A new 0.016” CuNiTi straight wire was 
placed in her maxilla with new, active open coil 
springs to create additional space due to her trans-
posed teeth. Approximately 2  months later, after 
additional space had been created for teeth 13 
and 23, a soft tissue diode laser was utilized to sur-
gically expose these teeth, and a gold button and 
chain were bonded to them. The RPE was kept in 

place for a total of 12.2 months for anchorage in her 
cortical bone and to maintain transverse width of 
her maxillary arch while bringing her teeth 13 and 
23 into their correct positions. Round CuNiTi 
straight wires (0.014”, and 0.016”) were utilized in 
her maxillary arch during the entire process of 
Phase I treatment while bringing her teeth 13 and 
23 into their correct positions to protect the roots of 
her teeth 12 and 22, and to minimize the potential 
for root resorption (Fig 1-10).

1-10a 1-10b 1-10c

1-10d 1-10e 1-10f

1-10g 1-10 h 1-10i
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1-11

1.5	 Phase II evaluation

After approximately 17 months of Phase I treatment, 
Phase II records were taken with updated photo-
graphs and CBCT scans after consultation with her 
parents for Phase II treatment recommendations. The 
patient was now 13 years and 2 months old. Signifi-
cant positive changes had been achieved with her 
Phase I treatment by creating an arch length for 

non-extraction treatment, correcting transposition of 
teeth 12, 22 and 13, 23, preventing impactions of teeth 
12, 33, and 43, broadening her maxillary and man-
dibular arches, and reducing her excessive gingival 
display. In addition, her father reported that her snor-
ing had decreased significantly to approximately 75% 
to 80% of what it was prior to the start of her ortho-
dontic treatment. Intraoral examination revealed a 
Class I malocclusion with retained 55, 65, 75 and 85 
and delayed eruption of teeth 15, 25, and 35, 45. She 
presented with a vertical overlap of 20% and a hori-
zontal overlap of 1 mm. No arch length deficiency 
was observed in her maxilla and now the spacing in 
her mandible was 2  mm. Both the maxillary and 
mandibular arches were symmetric and ovoid in arch 
forms. Periodontal evaluation revealed healthy oral 
mucosal and hyperplastic gingival tissue with gener-
alized plaque and gingivitis present in both the 
maxillary and mandibular gingival tissues.

Frontal facial evaluation revealed a similar doli-
chocephalic facial growth pattern in comparison to 
pre-treatment records. Profile evaluation also re-
vealed a very similar retrognathic profile with a re-
cessive chin. Her nasolabial angle was still 130 de-
grees. Both the upper and lower lips were normal 
and competent at repose. A frontal smile evaluation 
revealed a slightly higher upper smile line and a 
gummy smile with 4 mm of excess gingival tissue 
showing on smiling, which was a reduction of 4 mm 
prior to the start of her Phase I treatment. An anter-
ior and posterior maxillary cant was present 2 mm 
down to her right when smiling. This cant evalu-
ation was performed with superimposition of her 
smile photograph with a grid where each square in 
the grid was equivalent to 1 mm. No buccal corri-
dors were evident anymore when smiling due to 
broadening of her maxillary and mandibular arches 
(Fig 1-11).

From the cephalometric radiograph generated 
off an i-CAT FLX QuickScan with a low-dose 
CBCT scan at 13 × 16 cm FOV, the cephalometric 
analysis revealed a Class I skeletal relationship 
with ANB = 3.2 degrees. She still had an open bite 
skeletal growth pattern and her SN-MP increased 
slightly up to 44.4 degrees. Her retroclined man-
dibular incisors (42-32) were now more centered in 

1-12

1-13
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eruption remaining with definite potential for 
impactions (Fig 1-13).

After correcting the transposition of teeth 12, 22, 
and 13, 23, the roots of teeth 11, 21, and 12, 22 had 
been protected. Any remaining root resorption was 
very minimal. Space was created for teeth 31, 41, 32, 
42 and 33, 43 as well to prevent impactions. The pro-
cess also involved dental arch expansion as well as 
mid-palatal sutural expansion. Though some con-
striction was still felt in the nasopharyngeal area, 
according to her father, her mouth breathing and 
snoring had improved significantly. As with the air-
way, not only the oropharyngeal and nasopharyn-
geal areas are important but also the involvement of 
the maxillary sinuses, so CBCT scan was required 
for linear measurements of the anterior nasal cavity 
(Fig 1-14a to d).

her alveolar trough with IMPA  =  95.2 degrees 
(Fig  1-12). Assessing the panoramic radiograph 
from an i-CAT FLX QuickScan with a low-dose 
CBCT scan at 13 × 16 cm FOV, the panoramic and 
3D evaluation revealed healthy and normal alveo-
lar bone height for both the maxillary and man-
dibular arches. The roots of teeth 12 and 22 had a 
good root form and length, and their root morph-
ology was protected during Phase I treatment while 
correcting the transpositions of teeth 12, 22 and 13 
and 23. Her teeth 17, 27 and 37, 47 were all present 
and in development but unerupted. Only teeth 18 
and 28 were immature and still in development. 
However, her 55, 65, 75, and 85 were retained with 
little root resorption and her teeth 15, 25, and 35, 
45 were all ectopically erupting lingually with root 
development nearly complete and little active 

1-14a 1-14b

1-14c 1-14d
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4Guidelines for Successful Treatment of an 
Interdisciplinary Ortho-Perio-Prostho Case

Nuno Sousa Dias, Nazariy Mykhaylyuk, Ventseslav Zhivkov Stankov

4.1	 Introduction

Interdisciplinary cases are a great challenge since 
the patient is often confused about who is man-
aging the case. The orthodontist is generally the 
first clinician to see the patient with the complaint 
of crooked teeth. The patient is, however, unaware 
of many other aspects related to the case such as 
abraded incisal edges, uneven gingival height, old 
unesthetic restorations, tooth color, and periodon-
tal condition.1 In addition, it is essential to diag-
nose the musculature behavior of the lips during 
rest and in different smiling positions. Therefore, it 
is necessary to integrate all these parameters since 
most patients develop an exaggerated dental 
awareness when they start treatment and, even if 
not all the imperfections are eventually addressed 
or corrected, a thorough discussion must take 
place to build the workflow in a very clear manner 
and set the timing at which each interdisciplinary 
team takes on the role. Today, digital tools such as 
intraoral scanners enable sharing of not only the 
earlier records but also the ongoing ones. Virtual 
meetings are constantly scheduled to ensure 
adequate follow-up.

A 24-year-old woman presented with a com-
plaint related to her smile esthetics. She was aware 
of some disharmony in teeth positioning for which 
she decided to first consult the orthodontist. After 
the clinical examination, the patient was informed 
about her clinical condition and the need to rees
tablish oral health before addressing any other 
treatment objectives. She was informed about the 
complexity of the condition and the need for a 
multidisciplinary approach to address the necessary 
corrections to achieve the best esthetic and func-
tional outcome. It was anticipated that she would 
need restorative and periodontal intervention, there-
fore these were included in the consultation and 
workflow of this case. From the anamneses, it was 
concluded that fortunately, she did not present any 
medical condition that could impact the treatment. 
From the frontal view, her face presented balanced 
proportions, with just a minor deviation of the tip of 
the nose to the right side but without clinical signifi
cance. From the lateral view, she had an esthetically 
pleasing profile with no noticeable disharmony 
between the forehead, nose, lips, chin, and neck 
(Fig 4-1a and b).
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The patient’s smile appeared well-located on 
the facial frame, with the lips in balance with re-
spect to size and equilibrium, but a small amount 
of asymmetry could be noticed on the upper lip, 
with the right side having less volume. When smil-
ing, her lips stretched nicely from a closed to rest 
position, from medium to maximum, and gradual-
ly displayed the incisors as expected from a nor-
mal lip support. Yet, her upper lip was thinner 
than the lower lip, and due care was taken not to 
retract the teeth and risk collapse of the upper lip 
(Fig 4-2).

Her oral health was generally compromised. Gen-
eralized gingivitis with plaque accumulation was ap-
parent, with most of the teeth having already been 
restored. Many of the restorations were in a com
promised condition: the maxillary dental midline 
matched the facial midline and presented a small 
inclination, and the mandibular midline deviated 
approximately 3 mm to the left compared to the 
maxillary midline. At this stage, it was essential to 
determine which restoration must be added before 
orthodontic treatment due to active caries or re-
storative breakage during treatment. A discussion 

4-1a

4-1b
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was carried out with the patient and the team about 
which irregularities should not be included in the 
plan, not only as a matter of compromise, but as 
some of these were in harmony with the face, and 
did not require any special attention (Fig 4-3).

Intraoral scanning makes it possible to examine, 
enlarge, and explore the teeth in a far broader way 
than just portable visual search (PVS) models, en
abling the practitioner to check tooth size, occlusal 
contacts, arch width, and more. In the maxilla, mild 
crowding was present mainly on the right-hand side; 
the crown of tooth 22 was smaller mesiodistally com-

pared with tooth 12; tooth 16 had been lost a long 
time ago, and the space was closed with mesial drift 
of tooth 17 followed by tooth 18. In the second quad-
rant, tooth 28 did not erupt to the arch. In the man-
dible, all the teeth were apparent—the anterior teeth 
were severely crowded. In the third quadrant, tooth 
36 had a porcelain crown and in the fourth quadrant, 
tooth 45 was lingually positioned. Mandibular third 
molars 38 and 48 were partially erupted. Regarding 
the Angle classification, she presented molars in Class 
III malocclusion on the right-hand side, and in a mild 
Class II relationship on the left-hand side (Fig 4-4).

4-2

4-3
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A panoramic radiograph taken before treat-
ment revealed the most relevant radiographic 
findings such as an acceptable generalized bone 
level; a low position of the maxillary sinus in the 
first quadrant; an abnormal shape of tooth 28 in 
the second quadrant; a bad prognosis for tooth 36 
in the third quadrant, and an apparent reduced 
crown/root ratio for tooth 45. The evaluation of 
caries and periodontal and endodontic conditions 
was done using periapical radiographs by the 
dental practitioner, who determined that tooth 36 
should be extracted and all other final restor-
ations could be delayed until after orthodontic 
treatment (Fig 4-5).

4.2	 Treatment goals
The following treatment goals were set and dis-
cussed with the patient:
	� reestablish oral health;
	� improve masticatory function;
	� improve smile esthetics;
	� resolve dental crowding in both arches;
	� achieve an Angle Class I canine relationship;
	� coordinate the dental arches;
	� match the facial and dental midlines;
	� improve the level of the gingival margins;
	� open space to increase the mesiodistal size for 

correct dimensions of tooth 22;
	� extract tooth 36 for dental reasons and conse-

quently extract tooth 46;

4-4
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	� mesialize the second and third molars to close 
part of the space left by the extracted teeth;

	� use a portion of the space left by the extracted 
teeth to resolve mandibular crowding;

	� undertake interdisciplinary treatment involving 
the dental practitioner, orthodontist, prostho-
dontist, periodontist, and endodontist.

Oral health was reestablished starting with prophy-
laxis, oral hygiene instructions, and provisional 
restorations on several maxillary teeth, therefore 
teeth 28, 36, and 46 were extracted (Fig 4-6). 

A fully fixed appliance with ceramic brackets 
was chosen. The intention was to start the treat-
ment of the mandibular arch first due to the expect-
ed longer treatment time compared to the maxillary 

arch. Owing to severe anterior mandibular crowding, 
brackets were not placed on teeth 32 and 42. For 
this reason, the increased interbracket distance made 
it possible to place a 0.016” NiTi (nickel-titanium) 
initial wire tied with metallic ligatures. It was ex-
pected that the anterior crowding would be reduced 
by using a portion of the space created by the 
extraction of teeth 36 and 46 (Fig 4-7).2–6 

Approximately 5 weeks later, it was already pos-
sible to bond the ceramic brackets on teeth 32 and 42. 
During this visit, metallic single tubes were bonded on 
teeth 37 and 47. Importantly, these tubes were for teeth 
36 and 46 since the goal was to position the second 
molars in place of the extracted first molars (Fig 4-8).

The patient came back 5 weeks later and showed 
good progress in terms of leveling, alignment, and 

4-6
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6Not Just Aligners:  
A Hybrid Approach for Complex Cases

Luca Lombardo, Francesca Cremonini

6.1	 Introduction

The treatment of adult patients is often complex, 
and therapeutic options must be examined from 
many perspectives. Hence, it is necessary for a team 
of specialists to collaborate in formulating a thor-
ough diagnosis and effective treatment plan for the 
resolution of all dental and orthodontic issues if an 
optimal overall result is to be achieved. The ability 
to study each case individually, leveraging all the 
tools available in this digital age, has improved the 
quality of the dialogue between professionals and 
consequently increased the benefit to patients as 
the case report presented in this chapter  illustrates.

6.2	 Case presentation

The aim of this case is to shed light on:
	� multidisciplinary collaboration; 
	� hybrid treatment;
	� skeletal expansion in an adult patient;
	� opening space biomechanics in lateral incisor 

agenesis;
	� finishing with clear aligners.

A 25-year-old man presented with transverse max-
illary deficiency, left lateral crossbite, and agenesis 
of the maxillary lateral incisors. Even though he 
was highly motivated to resolve his malocclusion 
and obtain a pleasant, well-aligned smile, he refused 
any kind of surgery and demanded an esthetic, 
non-invasive treatment. Nowadays, it has been wide-
ly demonstrated that even patients aged older than 
25 years can achieve the same increase of skeletal 
transverse maxillary diameters with miniscrew-sup-
ported expansion as with surgically-assisted rapid 
palatal expansion (SARPE).

In the frontal view, the patient’s face appeared 
harmonic, with a well-proportioned lower third with 
respect to the middle and the upper thirds. Never-
theless, there was a deviation of the mandibular 
symphysis to the left. The profile could be defined as 
straight, with a correct nasolabial angle and a good 
relationship between the arches (Fig 6-1a to c).

Except for maxillary lateral incisor agenesis, all 
the teeth were present in the arches, including the 
third molars, which had erupted normally. The pa-
tient had a Class I first molar relationship on both 
sides, but a Class I canine relationship on the right 
side and Class II on the left (Fig 6-2a to c).
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There was slight crowding in the mandible and 
midline deviation to the left. The maxilla present-
ed a central diastema and dental asymmetry due 
to the more distal position of the teeth in quad-
rant two. The teeth adjacent to the missing lateral 
incisors had not entirely filled their places, leav-
ing wide black corridors especially on the left. 
Transversely, a maxillary deficiency was evident, 
with a  lateral left crossbite as a direct clinical 
consequence.

If the initial size of the teeth was analyzed, a 
mesiodistal diameter of 6 mm for the missing lateral 
incisors was needed for normalization of the Bolton 
index. Because the mandibular anterior width 

(diameter = 3-3) was 31.3 mm, the maxillary an
terior width had to be increased by 12 mm, from 
28.5 to 40.5 mm. The diagnostic dental analysis 
could be performed digitally, which made it possible 
to plan the final dimensions of the lateral incisors 
(Fig 6-3a and b).

The panoramic radiograph showed good root 
parallelism, with some missing space for the lateral 
incisors due to anterior crowding. Although a slight 
difference in the right and left condyle size was evi
dent on the radiograph, no temporomandibular dis-
orders or functional alterations were reported. For 
this reason, no further evaluation or radiological 
investigation was needed (Fig 6-4).

6-2a 6-2b 6-2c

6-3a 6-3b

6-1a 6-1b 6-1c
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Cephalometric analysis showed a tendency toward 
a sagittal Class III relationship. Even though the ANB 
angle was positive (0.1 degrees), the Wits appraisal 
had a negative value (−3.2 mm). No dental compensa-
tion could be evaluated at this stage, because both the 
maxillary and mandibular incisors were retroclined 
with respect to the palatal plane (U1-Apo 103.6 de-
grees) and the mandibular plane (IMPA 79.9 degrees). 
The skeletal growth pattern was normodivergent 
(FMA 23.7 degrees), indicating that treatment with 
a slight mandibular post-rotation was accepted 
(Fig 6-5a and b).

When a skeletal discrepancy is recognized in an 
adult patient, it is always important to include a 

CBCT scan in the initial records. Analyzing the slices 
in the 3D radiograph, it is possible to study the bone 
thickness and the lingual root torque to understand 
if dental compensation of the transverse discrepancy 
is still possible. In this particular case, the CBCT scan 
was also prescribed for surgical and implantology 
reasons.

Axial CBCT slices at the maxillary canine and 
premolars and at the furcation of the first molars 
confirmed a severe transverse maxillary deficit, left 
lateral crossbite, and accentuated curve of Wilson, 
that is also shown from the 3D skull model. It is 
evident that the maxillary teeth were straight with 
respect to the alveolar bone, with no cortical bone 

6-4
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available for any dental compensation for the 
transverse discrepancy (Fig 6-6a to d).

6.3	 Treatment plan considerations

6.3.1	 Maxillary skeletal expansion

As the patient was an adult, traditional rapid maxil-
lary expansion (RME) was not recommended for the 
treatment of the malocclusion because of the vari-
ous side effects that would arise, namely dentoalve-
olar tipping and bony dehiscence, with no opening 
of the mid-palatal suture. Orthopedic surgical ex-
pansion of the basal bone would have been capable 
of overcoming the increased resistance of the mid-
palatal suture and establishing proper posterior oc-
clusion. Nevertheless, this procedure is associated 
with a large amount of relapse and discomfort for 
patients, and the present patient demanded a less 
invasive approach. Hence, to avoid surgery but still 
achieve successful expansion of the midpalatal su-
ture, with minimal dental buccal tipping and un
favorable periodontal effects, miniscrew-assisted 
bone-borne RME was proposed.

6.3.2	 Maxillary lateral incisor agenesis

The demand for orthodontic treatment in patients 
with congenitally absent maxillary lateral incisors is 
high because the condition has an obvious impact 
on facial esthetics, adversely affecting the individ
ual’s self-esteem. The two major treatment alter
natives, namely orthodontic space closure and space 
opening for prosthetic replacements or implants, 
could both be acceptable compromises in terms of 
esthetics, periodontal health, and function. How
ever, correct diagnosis, careful treatment planning, 
and interdisciplinary collaboration are crucial to 
achieving a satisfactory result. In this case, the 
stable dental Class I relationship, reduced incisor 
inclination with respect to the maxilla, generalized 
spacing of the teeth, and the tendency toward a 
Class III malocclusion indicated that space opening 
would be the more appropriate solution. Implant re-
habilitation was particularly favorable because the 

6-6a
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patient had no history of periodontitis and had 
good oral hygiene and optimal periodontal health. 
As the patient was already 25  years old, implant 
placement could be done directly at the end of 
orthodontic treatment because passive tooth erup-
tion is limited at this age. To determine the amount 
of space necessary for restoration of the missing lat-
eral incisors, esthetics represent the most important 
factor, together with the evaluation of the size of 
implant fixtures. In general, to ensure sufficient 
space for implant placement, 6.3 mm intercoronal 
space and 5.7 mm interradicular space between the 
adjacent central incisors and the canine are recom-
mended. The initial position of canines that are very 
close to the central incisors is another factor that 
works in favor of the space opening solution. The 
orthodontic movement in distalization would deter-
mine a new bone apposition, even though a final 
bone graft would probably be necessary.

6.4	 Treatment plan selected

A two-phase treatment was planned. The first phase 
consisted of orthopedic treatment with the object
ive of obtaining correction of the transverse defi-
ciency, conducted with a four-miniscrew pure skel-
etal anchorage expander. This first phase was 
considered completed after the maxillary deficiency 
had been resolved. The amount of time needed was 
uncertain, depending on the patient’s response.

The second phase consisted of orthodontic treat-
ment with the objective of obtaining a correct inter-
coronal and interradicular space for the subsequent 
rehabilitation of the lateral incisors. The estimated 
treatment time was less than 12 to 18 months. As 
the patient requested high esthetic appliances, lin-
gual fixed braces were planned in the maxilla in the 
first phase to have good root control during space 
opening. Finally, clear aligners were used for refine-
ment of alignment, leveling, and coordination of the 
maxilla and mandible.

At the end of orthodontic treatment, two im-
plants and integrated ceramic crowns were placed 
in order to substitute the missing maxillary lateral 
incisors, preceded by bone grafting. Each phase was 

characterized by accurate digital planning to maxi-
mize the precision and efficiency of every system 
used.

6.4.1	 First phase of treatment

To achieve true skeletal expansion, a four-mini
screw pure skeletal anchorage expander was de-
signed and the use of the Miniscrew-assisted Palatal 
Application (MAPA) system was planned1,2 to avoid 
any possibility of damage to the anatomic struc-
tures. Thanks to accurate preoperative planning on 
volumetric tomographs and in purpose-designed 
software, the MAPA system enabled safer insertion 
of the miniscrew (11 mm length, 2 mm diameter; 
Spider Screw Regular Plus, HdC, Thiene, Italy), and 
ensured bicortical engagement. This in turn guaran-
teed greater resistance for supporting the expansion 
device. After scanning, a digital model (stereo
lithography file) of the maxilla was superimposed 
onto the CBCT scan using eXamVision (KaVo 
Dental, Biberach, Germany) and Rhinoceros soft-
ware (Robert McNeel & Associates, Seattle, WA, 
USA) to identify the best anteroposterior miniscrew 
placement sites based on the width and thickness of 
the palatal vault (Fig 6-7a and b). Two cylindrical 
guides were designed to replicate the angle of inser-
tion and prevent the screws from penetrating be-
yond the required depth in the central position of 
the palate.

The same software was then used to design a vir-
tual surgical guide that would fit the morphology of 
the palate and the teeth in the buccal and posterior 
segments of the maxilla. Maintaining accurate con-
trol of the placement and direction of insertion, four 
miniscrews with a length of 11 mm and a diameter 
of 2 mm were inserted into the palate. The expander 
was then designed with the same purpose-designed 
software in order to have optimal correspondence 
with the position of the miniscrews (Fig 6-8a to d).

A tandem skeletal expander (TSE) was employed, 
characterized by simultaneous use of two expansion 
screws, one in the front and one in the rear.3 The 
virtual position of the two expander screws 
was checked on occlusal and sagittal views. This en-
abled the biomechanical difficulties to be overcome 




