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 General Principles

The problems you will face in treating early malocclusions 
vary widely and are ever- changing. However, the principles 
presented in this section are enduring and will serve as 
your foundation for dealing with those problems.

Q: What is early orthodontic treatment?
A: Early orthodontic treatment (early limited treatment, 

early interceptive treatment, or Phase I treatment) is 
the treatment provided during the primary or mixed 
dentition stages of dental development. Comprehensive 
orthodontic treatment (Phase II treatment) is provided 
in the adult dentition.

Q: What is the goal of early orthodontic treatment?
A: The goal is to correct developing problems to get the 

patient back on track (back to normal) for their stage of 
development. This includes treatment to prevent com-
plications, reduce future comprehensive treatment 
complexity, and reduce/eliminate unknowns.

Q: Can you provide examples of early treatment to pre-
vent complications or reduce future treatment 
complexity?

A: Early treatment can prevent root resorption or tooth 
impaction in some cases of ectopic tooth eruption. 
Early treatment can eliminate the need for permanent 
tooth extractions or orthognathic surgery in some cases 
of skeletal discrepancies.

Q: Can you provide examples of unknowns which can be 
reduced/eliminated with early treatment? Why are 
reducing/eliminating unknowns important?

A: Examples of unknowns include:
 ● Magnitude and direction of future jaw growth
 ● Undetected CR- CO shifts
 ● Patient cooperation with headgears, functional 

appliances, elastics, hygiene, etc.
 ● Ectopic tooth eruption

Reducing/eliminating unknowns enables the ortho-
dontist to more effectively plan final treatment and 
achieve desired outcomes. Let’s consider one quick 
example. Assume that a child presents to you in the 
late mixed dentition with a bilateral Class II molar rela-
tionship of 4 mm. Further assume that, after careful 
analysis, you settle upon two treatment options – either 
Class II orthopedics or extraction of maxillary first pre-
molars (masking the underlying skeletal discrepancy). 
It would be prudent to reduce unknowns first by 
attempting Class II orthopedics and monitor the 
response you get, before you decide on a final treat-
ment plan (finish with orthopedics or treat irreversibly 
with extractions).

Key principle: After you have defined the patient 
problems you hope to address, always force yourself to 
answer the following questions: What unknowns are 
present in treating this patient, and what unknowns 
should I eliminate before I define my final treatment 
plan or do something irreversible?

Always explain unknowns to patients and parents. 
Informing them early of uncertainties in your plan will 
foster a smooth transition if you later need to modify 
your treatment plan due to unanticipated growth 
or  treatment response. Always reduce/eliminate 
unknowns before committing to irreversible treatment. 
To do otherwise is to gamble on your patient’s outcome. 
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Foundations2

Finally, many unknowns exist for each patient. We will 
highlight only the most pertinent and important.

Q: Another principle we will emphasize is this: Proper 
diagnosis should identify the patient’s primary prob-
lems in each dimension (anteroposterior, vertical, 
transverse) plus other major problems (e.g. crowding, 
ectopic tooth eruption, thin periodontal biotype). Why 
is this important?

A: These are the problems which will impact your treat-
ment goals and treatment outcome the most. Some will 
require early treatment. Others are best managed later 
in development. You must identify primary problems 
in your diagnosis and develop a treatment plan to 
address them. During the time you manage each early 
treatment patient, make it a point to stay focused on 
the major problems you are facing. If you focus on 
major problems, then you can gradually reduce these 
problems and next focus on lesser problems. If you fail 
to focus on major problems, then the major problems 
could remain or worsen and detract from the desired 
outcome.

During your initial patient evaluation, and as you 
examine the patient at each appointment, always ask 
yourself: “What are this patient’s primary anteroposte-
rior, vertical, and transverse problems (plus other 
major problems), and what is my plan to address these 
problems?” Then, regularly reassess these major prob-
lems as you get the child back on track.

Q: Is early treatment beneficial?
A: It can be. A recent study was conducted with 300 chil-

dren (mean age nine years) who received treatment 
via numerous treatment modalities, including 2x4 
fixed appliances, cervical or high- pull headgears 
(CPHGs, HPHGs), reverse pull headgears (RPHGs), 
functional appliances, lip bumpers, lower lingual 
holding arches (LLHAs), and serial extractions. 
Significant reductions in the American Board of 
Orthodontics Discrepancy Index were observed [1].

Of course, this does not mean that early treatment is 
always beneficial. Benefit is maximized when diagno-
sis is accurate and appropriate treatment is applied. In 
this book, we will illustrate conditions where early 
treatment should be considered.

Q: Can early treatment add to total treatment time?
A: Yes. You must weigh the benefits of early treatment 

against the cost – including the possible increase in total 
treatment time. Remember, the cost can be influenced 
by unknowns that may be revealed after you begin 

treatment (e.g. aberrant growth or poor compliance). 
Reducing unknowns is key to weighing benefit vs. cost.

Q: An orthodontist in your study club complains, “I used 
to perform a lot of early treatment. I do a lot less now 
because those cases seemed to drag on and on. I ended 
up doing most of the treatment in the permanent denti-
tion anyway, and the children complained that they 
were in braces forever!” How would you respond?

A: We think this orthodontist makes a good point. Early 
orthodontic treatment should address very specific prob-
lems, with a clearly defined endpoint. With the excep-
tion of orthopedics for anteroposterior (and open bite) 
skeletal discrepancies, early treatment should gener-
ally begin and end within six to nine months, not drag 
on for years and years.

Let’s consider a few short examples. Assume a 
healthy eight- year- old boy presents in the early mixed 
dentition with a Class I molar relationship and dis-
playing one maxillary central incisor tipped lingually 
and in traumatic edge- to- edge occlusion with a man-
dibular incisor (incisal edge wear noted). A reasonable 
early treatment of short duration (3–4 months) would 
be to move the maxillary incisor labially out of trau-
matic edge- to- edge occlusion, and then place the 
patient in a clear maxillary retainer. Correcting the 
incisor trauma will get the patient back on track for his 
stage of development, and eliminating the incisor 
trauma has a clearly defined endpoint.

Now assume another healthy eight- year- old boy 
presents in the early mixed dentition and displays a 
bilateral 5 mm Class II molar relationship secondary 
to mandibular skeletal hypoplasia. Here, it may be 
best not to begin early treatment for the Class II prob-
lem (Class II orthopedics) unless the boy demonstrates 
good statural growth velocity. Why is this prudent? If 
growth velocity is slow, then a defined endpoint is less 
clear and years could be added to his total treatment 
time. All prospective clinical trials report no advan-
tage in attempting Class II correction in the early 
mixed dentition (except for possible incisal trauma 
reduction) [2]. Therefore, unless you can reduce this 
unknown and establish that your patient has good 
growth velocity, it may be best to wait to begin 
treatment.

Our point is that there are many times when you 
should begin early treatment. There are also many 
times when you should not begin early treatment. 
One of the purposes of this text is to provide you 
with a foundation in making the decision to begin 
or recall.
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GnGeaal  einniialGs  3

Q: What questions should you ask yourself at every early 
treatment consultation?

A: Do I need to do anything now? What harm will come if 
I simply monitor the patient at this time and recall in six 
to twelve months? If the answer to your question is no 
harm, then your best treatment may be to monitor only 
and re- evaluate later.

Q: Can you list specific conditions that might warrant 
early orthodontic treatment?

A: We already mentioned incisor trauma due to edge- 
to- edge relationships or anterior crossbite relation-
ships. Other conditions include dental crowding, 
eruption problems, excess overjet, skeletal Class II 
malocclusions in the late mixed dentition (or early 
mixed dentition if the patient exhibits good statural 
growth velocity), skeletal Class III malocclusions in 
the early or late mixed dentition (depending upon 
severity), deep bites with palatal incisor impinge-
ment/pain/tissue trauma upon closing, dental ante-
rior open bites, skeletal anterior open bites 
(depending upon severity), and posterior crossbites 
with lateral shifts.

Let’s invite our first patient in for a consultation and 
make a decision whether to provide early treatment or 
recall. Theo (Figure 1.1) is an eight- year- old boy who 
presents to us with his parents’ chief complaint, 
“Theo has a cross bite that we want corrected.” Past 
medical history (PMH) and Past dental history (PDH) 
are within the range of normal (WRN). 
Temporomandibular joint (TMJs) are WRN, and 
CR = CO.

Q: What do you notice about the position of the perma-
nent maxillary canines in the lateral cephalometric 
radiograph (Figure 1.2)?

A: There appears to be a slight difference in their anter-
oposterior and vertical position.

Q: What could this be due to?
A: Lack of perfect superimposition of bilateral paired 

structures on a cephalometric radiograph can be due to:
 ● The effect of radiographic enlargement on bilateral 

structures
 ● Inaccurate patient positioning due to misalignment 

of the cephalostat or improper patient positioning 
in the cephalostat

 ● Marked asymmetry between right and left paired 
structures

 ● Marked size differences between right and left 
paired structures

Q: What is your assessment of this issue for Theo?
A: First, exact superimposition of right and left paired 

structures is confounded to a small degree by 
 radiographic enlargement. Enlargement has the great-
est impact on bilateral structures farthest from the sag-
ittal midline (e.g. mandibular condyles and gonial 
angles) [3]. For maxillary canines, which lie closer to 
the sagittal midline, enlargement of the right vs. left 
canine in a standard cephalometric radiograph is 
~0.15 mm. So, we conclude that the amount of anter-
oposterior difference in maxillary canines seen in 
Theo’s cephalometric radiograph (~3 mm) has little 
contribution from enlargement.

Patient positioning can have dramatic effect on the 
superimposition of bilateral structures. Rotation of the 
cephalostat (or rotation of the patient by improper 
positioning in the cephalostat) by ~10° results in ~5 mm 
of anteroposterior image separation of the right and 
left maxillary canines and a larger (~8 mm) separation 
of the maxillary second molars (due to their greater dis-
tance from the mid- sagittal plane).

Looking at Theo’s cephalometric radiograph, the ear- 
rods appear well aligned and the maxillary second 
molars show minimal (~2 mm) anteroposterior asym-
metry. This suggests the anteroposterior image separa-
tion of Theo’s maxillary canines does not have a 
significant contribution from patient rotation and may 
be due to spatial position asymmetry or size asymmetry 
of the maxillary canines.

Theo’s panoramic radiograph suggests a vertical height 
difference in the right and left maxillary canines, support-
ing the similar finding on the cephalometric radiograph. 
Finally, bilateral tooth size asymmetry is not apparent.

Taking the cephalometric and panoramic informa-
tion together, it may indicate a true difference exists in 
the anteroposterior and vertical positions of the right 
and left maxillary permanent canines.

Q: Why is this important?
A: In orthodontic diagnosis, asymmetry in spatial position 

of bilateral paired structures is a common finding. 
However, for developing maxillary canines, asymmetry 
in spatial position may be a clue to impending palatal 
or facial ectopic eruption and should be investigated 
further. This evaluation can include manual palpation 
of the maxillary alveolus from the facial in the area of 
the developing maxillary canine crowns to detect a dif-
ference in right and left prominence in the labial corti-
cal plate, by periapical radiographic assessment using 
Clark’s rule  [4] or by 3- D radiography. None of these 
additional evaluations were performed on Theo.
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(a) (b)

(e)

(f)

(c)

(d)

Figure 1.1  Initial records of Theo: (a–c) facial photographs, (d–e) lateral cephalometric radiograph and tracing, (f) pantomograph, 
(g–k) intraoral photographs.
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GnGeaal  einniialGs  5

Q: What is meant by the term apical base? Are the terms 
apical base discrepancy and skeletal discrepancy 
interchangeable?

A: The term apical base refers to the junction of the alveo-
lar and basal bones of the maxilla and mandible in the 
region of the apices of the teeth  [5]. We will use the 
terms apical base discrepancy and skeletal discrepancy 
interchangeably.

Q: List your diagnostic findings and problems for Theo 
and make your diagnosis.

A:

Figure 1.2  Enlargement of a portion of Theo’s lateral 
cephalometric radiograph.

(g) (h)

(j) (k)

(i)

Figure 1.1  (Continued)

Table 1.1  Diagnostic findings and problems list for Theo (aiinaal basG/skGalGtaal disneGianniGs itaalinizGd).

Full face and profile Frontal view
Slight chin deviation to right
Vertical facial proportions WRN (soft tissue Glabella- Subnasale approximately equal to 
Subnasale – soft- tissue Menton)
Lip competence
UDML WRN
Mildly inadequate gingival display in posed smile (central incisor gingival margins apical to 
vermillion border of maxillary lip)

(Continued)
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Foundations6

Q: We judged Theo’s mandibular skeletal anteroposterior 
position to be deficient, in spite of the fact that his ANB 
angle is −2° (an ANB value usually associated with 
mandibular anteroposterior excess). Why did we judge 
his mandibular skeletal anteroposterior position to be 
deficient?

A: If Theo’s maxilla was in a normal anteroposterior posi-
tion, then A- Point would lie on the Nasion- perpendicular 
line, and we could use ANB angle to judge his mandibu-
lar anteroposterior position. However, as discussed in 
the Appendix, because his maxillary position is deficient 
(A- Point lies behind Nasion- perpendicular line), we 
cannot use his ANB angle to judge his mandibular 
anteroposterior position.

Instead, we use the angle formed between the Nasion- 
perpendicular line itself and the Nasion B- Point line to 
judge his mandibular skeletal anteroposterior position. 

If we measure this angle (Figure  1.3), we find that it 
equals 5°, indicating that his mandible is skeletally defi-
cient. In other words, Theo has a skeletally deficient 
maxilla and mandible.

Q: But Theo has a straight, even a mildly concave, profile. 
He does not have a convex profile, which generally 
indicates a deficient mandible. Furthermore, he has a 
left side Class III dental relationship  – not a Class II 
dental relationship indicative of a deficient mandible. 
How do you explain this?

A: The explanation is found in his deficient maxilla. 
Although Theo’s mandible is deficient relative to 
Nasion- perpendicular line, his mandible is excessive 
relative to his deficient maxilla (ANB angle = −2°). It is 
not unusual for patients with normal mandibles to 
appear mandibular excessive when they have a 

Profile view
Straight to mildly concave profile
Obtuse nasolabial angle (NLA) with upturned nose
Chin projection WRN
Chin- throat length WRN
Acute lip- chin- throat angle

Ceph analysis Skeletal
Maxillary anteroposterior skeletal position is retrusive/deficient (A- Point lies behind Nasion- 
perpendicular line, ANB = −2°)
Mandible also appears to be skeletally retrusive/deficient
Skeletal LAFH WRN (LAFH/TAFH × 100% = 56%; normal = 55%, sd = 2%)
Mandibular plane angle WRN (FMA = 25°; SNMP = 36°)
Effective bony Pogonion (Pogonion lies on extended Nasion- B Point line)
 
Dental
Upright maxillary incisors (U1 to SN = 98°)
Mandibular incisor inclination WRN (FMIA = 67°)

Radiographs Early mixed dentition stage of development
Slight overlap of maxillary left permanent canine crown over maxillary left permanent lateral 
incisor root (possible ectopic eruption)

Intraoral photos and models Angle Class III subdivision left
Iowa Classification: I I III (1–2 mm) III (1–2 mm)
OB 20%
Maxillary permanent right central and right lateral incisors in lingual crossbite
5 mm maxillary permanent incisor crowding (moderate crowding, Figure 1.1j)
6 mm mandibular permanent incisor crowding (moderate crowding, Figure 1.1k)
LDML to right of UDML by 2 mm
Maxillary and mandibular arches are symmetric (Figures 1.1j – 1.1k)
Thin labial periodontal biotype of mandibular right central incisor (Figure 1.1h)
Traumatized maxillary central incisors edges (Figure 1.1h)
Retained maxillary right primary lateral incisor

Other None

Diagnosis Angle Class III subdivision left with anterior crossbite and moderate anterior crowding

Table 1.1  (Continued)
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GnGeaal  einniialGs  7

d eficient maxilla. We must remain cognizant of this 
 inconsistency as we treatment plan Theo and as we 
monitor his future growth.

Q: Theo is eight years old with an upturned nasal tip, ade-
quate chin projection, and adequate chin- throat length. 
What changes do you anticipate in his nasal tip, chin 
projection, and chin- throat length as he grows and 
develops?

A: We anticipate that Theo’s nasal tip angle will decrease 
with age  [6] and both his chin projection and chin- 
throat length will increase with age [7].

Q: We noted that Theo exhibits a thin labial periodontal 
biotype covering his mandibular right central incisor. 
What does this mean? What is our concern with having 
a thin labial biotype during orthodontic treatment? 
How would you deal with this finding?

A: A thin labial biotype is characterized by a narrower 
zone of attached keratinized tissue than normal and a 
thinner facial- lingual gingival dimension than normal. 
A thick biotype is characterized by a wider zone of 

attached keratinized tissue and a thicker facial- lingual 
gingival dimension [8–12]. If mandibular incisor roots 
are covered by periodontium exhibiting a thin biotype, 
then gingival recession may occur if the incisor roots 
are moved labially or rotated (stressing the tissue). On 
the other hand, less than 1 mm of attached gingiva may 
be compatible with gingival health [13–17].

Based upon these points, and because Theo has some 
keratinized attached gingival tissue labial to his mandib-
ular central incisor, we recommend monitoring Theo’s 
mandibular anterior gingival tissues for now. However, 
his parents should be informed that the need for a future 
gingival graft exists if recession occurs at this site.

Q: Look at the photographs (Figures 1.1h – 1.1i). What do 
you note regarding the angulation of the maxillary left 
permanent lateral incisor? Why could this be 
important?

A: The maxillary left permanent lateral incisor appears to 
have its crown inclined to the labial and the root 
inclined to the lingual. Given the partial overlap of the 
maxillary left permanent canine crown and maxillary 
left permanent lateral incisor root (Figure  1.1f), this 
suggests the crown of the developing maxillary left per-
manent canine could be positioned to the labial of the 
lateral incisor root. Orthodontic movement of the lat-
eral incisor root to the labial may cause root resorption.

Q: We stated that Theo’s Angle Classification was Class III 
subdivision left and that his Iowa Classification was: I I 
III (1–2 mm) III (1–2 mm). What do we mean by Iowa 
Classification?

A: For years, we were frustrated using the Angle Classi -
fication system because it fails to quantify – that is to 
provide the orthodontist with a sense of discrepancy 
magnitude. In other words, when a patient is said to be 
Angle Class II does that mean that the patient is slightly 
Class II or severely Class II? The orthodontist is left 
without any sense of whether the patient needs Class II 
elastic wear or orthognathic surgery. Furthermore, we 
feel that canine anteroposterior relationships are just 
as important as molar relationships. The Angle 
Classification system lacks this detail.

We decided to modify the Angle system by quantify-
ing the anteroposterior discrepancy at the patient’s 
right molar, right canine, left canine, and left molar. 
(Please see the Appendix). For Theo that results in an 
Iowa Classification of: I I III (1–2 mm) III (1–2 mm).

Q: What are Theo’s primary, or major, problems in each 
dimension, plus other problems that you need to 
remain focused on?

Figure 1.3  Measurement of the angle formed between the 
Nasion- perpendicular line (red vertical line) and the Nasion 
B- Point line (yellow line). This angle was found to be 5° 
indicating that the mandibular skeletal anteroposterior position 
is deficient. Therefore, both Theo’s maxilla and mandible are 
deficient anteroposteriorly.
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A:

Q: Discuss Theo in the context of three principles applied 
to every early treatment patient.
1) The goal of early treatment is to correct developing 

problems – get the patient back to normal for their 
stage of development (including preventing compli-
cations such as resorption of adjacent tooth roots, 
reducing later treatment complexity, or reducing/
eliminating unknowns). Theo’s anterior crossbite, 
left Class III relationship, maxillary left permanent 
canine possible ectopic eruption, and moderate 
anterior crowding would need to be corrected to get 
him back to normal.

2) Early treatment should be applied to correct very 
specific problems with a clearly defined endpoint, 
usually within six to nine months (except for anter-
oposterior skeletal and skeletal open- bite orthope-
dics). Correction of Theo’s anterior crossbite has a 
clearly defined endpoint and could be accomplished 
with fixed orthodontics in a few months. His moder-
ate anterior crowding has a clearly defined end-
point, but improvement/correction could take 
longer than six to nine months (using space mainte-
nance/fixed appliances) depending upon how long 
it takes his permanent canines and premolars to 
erupt. Correction of his possible ectopically erupt-
ing maxillary left permanent canine could take 
longer than nine months. Finally, correction of 
Theo’s left Class III relationship could take years of 
orthopedic treatment, depending upon his future 
growth and compliance.

3) Always ask: Is it necessary that I treat the patient 
now? What harm will come if I choose to do nothing? 
It is important to treat Theo’s anterior crossbite now 
to prevent additional incisor trauma/wear.

Without early treatment anterior crowding will 
remain, and unerupted permanent canines could 

become impacted or erupt blocked out. The risk of 
maxillary left permanent canine impaction is of spe-
cial concern to us (note overlap of the maxillary left 
permanent canine crown across the maxillary left 
lateral incisor root, Figure 1.1f). Further, the maxil-
lary left permanent canine crown could resorb the 
maxillary left permanent lateral incisor root.

Without Class III orthopedic treatment, maxillary 
deficient forward growth (relative to mandibular 
forward growth) could worsen Theo’s left Class III 
relationship. Worsening of Theo’s left Class III rela-
tionship could also result from mandibular perma-
nent first molar mesial drift if an LLHA is not placed 
before exfoliation of his mandibular primary 
canines and molars.

Q: We noted that Theo’s chin is deviated slightly to the 
right, CR = CO, his LDML is to the right of his UDML 
and face, and he is Class III on the left by 1–2 mm. 
What do these findings suggest?

A: These findings suggest that his mandible may be grow-
ing asymmetrically, with slight excess left mandibular 
forward growth.

Q: What unknowns do you face with Theo’s care?
A: His future jaw growth (magnitude and direction), treat-

ment compliance, and a potential undetected CR- CO 
shift are significant unknowns.

Q: What early treatment option(s) would you consider 
for Theo?

A: Early treatment options could include:
 ● Recall (monitor only) and re- evaluate in one year – is 

not a recommended option. Why? Risks include 
additional incisor trauma, increasing ectopic erup-
tion of Theo’s maxillary left permanent canine 
(increasing the risk of canine impaction and/or lat-
eral incisor root resorption  [16]), and continued 
Class III skeletal growth.

 ● Anterior crossbite correction  – is recommended and 
could be performed in a number of ways. After 
extracting his maxillary right primary lateral incisor, 
you could: (i) ask Theo to close gently on a tongue 
blade covered with gauze (or on a soft suction tip) 
throughout the day in order to advance his right 
maxillary incisors; (ii) ask Theo to wear a removable 
maxillary biteplate with finger springs to advance 
his maxillary incisors; or (iii) place fixed orthodon-
tic appliances to advance his maxillary right inci-
sors. Also, some anterior crossbites will self- correct 
from tongue pressure alone if the patient’s bite is 

Table 1.2  Primary problems list for Theo (aiinaal basG/skGalGtaal 
disneGianniGs itaalinizGd).

AP Angle Class III subdivision left
Iowa Classification: I I III (1–2 mm) III (1–2 mm)
Maxillary and mandibular skeletal anteroposterior 
deficiency

Vertical - 

Transverse - 

Other Anterior crossbite
Possible ectopic eruption of maxillary left 
permanent canine
Moderate anterior crowding in both arches
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GnGeaal  einniialGs  9

first opened with bilateral band cement bonded on 
the permanent first molar occlusal surfaces.
Note: advancing the maxillary right lateral incisor 
crown forward will tend to drive its root reciprocally 
into the erupting canine crown – potentially resorb-
ing the lateral incisor root. This must be explained 
to the parents. If you advance the lateral incisor 
crown, do so gently and slowly.

 ● Extracting his maxillary primary canines and maxil-
lary primary first molars – is a viable option when his 
maxillary first premolar roots are at least half devel-
oped. Why? Eruption of the maxillary first premo-
lars would be accelerated, which would make room 
for the maxillary permanent canines to erupt, 
thereby lessening the chance that his maxillary left 
permanent canine will be impacted  [18, 19]. 
Generally, a primary tooth should not be removed 
until its permanent successor has at least half of its 
root length formed  [20, 21]. Earlier primary tooth 
extraction can cause delayed eruption and emer-
gence of its successor, probably as a result of scar 
tissue forming a mechanical barrier [22].

 ● Space maintenance  – is recommended, but not yet. 
Placement of an LLHA could (i) prevent/minimize 
worsening of Theo’s left Class III relationship due to 
permanent first molar mesial drift as his mandibu-
lar primary teeth exfoliate; and (ii) reduce mandibu-
lar anterior crowding as primary teeth exfoliate 
(leeway space). However, since the roots of his man-
dibular permanent canines and premolars are less 
than half formed (Figure 1.1f), their eruption is not 
imminent and placement of an LLHA would be 
premature [23].

 ● Extraction of mandibular primary canines – to per-
mit spontaneous mandibular incisor alignment. We 
do not recommend this option since mandibular 
incisor crowding is not a concern for Theo or his 
parents. If you decided to extract mandibular pri-
mary canines, then we would strongly recommend 
placement of an LLHA to maintain arch perimeter 
and reduce mesial molar drift (worsening of the left 
Class III relationship).

 ● Orthopedic treatment (e.g. reverse pull face mask ther-
apy) – is a possible option to improve/correct Theo’s 
left Class III molar relationship by advancing his 
maxilla/maxillary teeth. Note: orthopedic treatment 
will not normalize Theo’s growth. If Theo’s maxilla is 
advanced orthopedically, then its position will need 
to be overcorrected in anticipation of future deficient 
maxillary growth, or he will need to be placed in a 
high- pull chin cup (or temporary anchorage device 
(TAD)- supported Class III elastics) to maintain the 

correction  – until he is finished growing. If excess 
left asymmetric mandible forward growth is identi-
fied, then asymmetric orthopedics (TAD supported 
Class III elastics) may be required on his left.

 ● Extraction of his retained maxillary right primary lat-
eral incisor – is recommended if it does not exfoliate 
spontaneously.

Q: Based upon the above discussion, do you recommend 
recalling Theo in nine to twelve months (no treatment, 
monitoring only), or, do you recommend early treat-
ment? If you recommend early treatment, what treat-
ment would you perform?

A: We extracted Theo’s maxillary right primary lateral 
incisor. Our early treatment objective was to correct his 
maxillary right central incisor crossbite by advancing it 
with fixed appliances and compressed open coil springs 
placed between his central incisors and primary 
canines (Figure 1.4). Band cement was bonded to the 
occlusal surfaces of his maxillary first permanent 
molars as a bite plate to open his bite and allow his 
maxillary right central incisor to advance, unimpeded.

We did not bracket the maxillary lateral incisors 
because they were not in traumatic occlusion and 
because we were concerned about possibly driving 
their roots reciprocally into the erupting permanent 
canine crowns (potential root resorption). Surprisingly, 
the maxillary right permanent lateral incisor spontane-
ously shifted forward out of lingual crossbite following 
extraction of the maxillary right primary lateral incisor 

Figure 1.4  Maxillary fixed appliances were placed to advance 
Theo’s maxillary right central incisor out of crossbite. We did not 
advance his maxillary right permanent lateral incisor for fear 
that moving its crown forward would drive its root reciprocally 
into the erupting permanent canine crown (potentially causing 
lateral incisor root resorption). Surprisingly, the maxillary right 
lateral incisor siontanGousaly shifted forward out of lingual 
crossbite following extraction of the maxillary right primary 
lateral incisor. We speculate that this movement resulted from 
either tongue pressure or transeptal fiber pull.
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Foundations10

and advancement of the maxillary right permanent 
central incisor (Figure 1.4).

We decided to delay placement of an LLHA until 
Theo’s mandibular permanent canines and premolars 
were closer to eruption. Also, we decided to postpone 
Class III orthopedic treatment. Why? Although Theo’s 
anteroposterior relationship would be monitored, 
orthopedic treatment was deemed aggressive at this 
time considering his mild unilateral Class III magni-
tude (1–2 mm).

Finally, we decided not to extract Theo’s maxillary 
primary canines and maxillary primary first molars. 
Why? The maxillary left permanent canine crown 

overlap of the maxillary left lateral incisor root was 
minimal (Figure 1.1f), and his first premolar roots were 
less than half developed.

Q: Look at Theo’s early treatment deband photographs 
(Figure 1.5). Was our early treatment successful? Did 
we achieve our goals?

A: Yes and no. We achieved our goal to correct Theo’s ante-
rior crossbite. However, he is still Class III on his left 
side, he still has mandibular anterior crowding, and his 
maxillary left permanent canine is still  erupting ectopi-
cally. These are problems that we must continue to mon-
itor and eventually address to get him back on track.

(a) (b) (c)

(d) (e)

(g) (h)

(f)

Figure 1.5  (a–h) Early treatment deband photographs of Theo. Previous incisal wear, especially of the maxillary right central incisor, 
is clearly evident.
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GnGeaal  einniialGs  11

Q: How do you recommend proceeding?
A: We made Theo an appointment to return in one year. 

At that time, we planned to make another panoramic 
radiograph. If Theo’s maxillary left permanent canine 
crown was seen to overlap his maxillary permanent lat-
eral incisor root more than on the initial panoramic 
radiograph, then we would extract his maxillary pri-
mary canines and primary first molars (assuming the 
premolar roots were at least half developed). These 
extractions would accelerate eruption of the first 
 premolars and thus create an eruption path for the 
 permanent canines.

We planned to place an LLHA when Theo approached 
exfoliation of his mandibular primary canines and pri-
mary molars. Finally, we planned to monitor his left 
Class III relationship, instituting orthopedic treatment 
(RPHG, high- pull chin cup, or TAD- supported Class III 
elastics), if his left Class III relationship worsened.

Q: Despite repeated attempts to schedule Theo to return to 
our clinic, he failed to do so until he was fifteen years 
old (Figure 1.6). List changes that have occurred since 
we last saw him (Figure 1.5).

A: Changes include:
 ● Most permanent teeth have erupted, but the maxil-

lary right primary canine and mandibular left pri-
mary canine are retained.

 ● Theo had significant Class III dental compensation 
changes. His maxillary incisors proclined (U1 to SN 
angle increased from 98° to 108°, compare 
(Figures 1.1e and 1.6e) while his mandibular inci-
sors uprighted (FMIA increased from 67° to 77°).

 ● Worsening of his right occlusal relationship to Class 
III (1 mm), and slight improvement on his left side 
from Class III (1–2 mm) to nearly Class I. Why? One 
possible explanation is that Theo grew Class III skel-
etally but had more available space in his upper left 
quadrant from lateral incisor to molar (Figure 1.5g) 
than in his upper right quadrant, which allowed 
him to obtain dental Class I on the left during per-
manent tooth eruption and mesial drift.

 ● Maxillary left permanent canine, the canine that 
initially concerned us, erupted normally. However, 
the maxillary right permanent canine became pala-
tally impacted (Figure 1.6f). Note the slight palatal 
soft- tissue bulge covering the impacted maxillary 
right permanent canine (Figure 1.6j).

 ● Both mandibular canines erupted into 90° rotated 
positions (Figure 1.6k). The mandibular left canine 
erupted lingually.

 ● A moderate amount of mandibular anterior crowd-
ing exists (~6 mm of total mandibular permanent 
canine crowding)

 ● The mandibular anterior labial periodontal biotype 
appears to have thickened (Figure 1.6h)

 ● We noted that Theo’s maxillary lateral incisors were 
small mesiodistally. His parents were informed that 
he would possibly need composite veneers to give 
them a more ideal mesiodistal width.

Q: Could we have prevented palatal impaction of the max-
illary right permanent canine?

A: Possibly. If further investigation of the noted asymme-
try of the maxillary permanent canines had been done, 
our findings may have prompted us to be more aggres-
sive toward improving the potential for its normal 
eruption. Theo’s lack of appointment compliance also 
limited our ability to monitor and evaluate its 
development.

This raises an important point. Early treatment 
always involves a monitor and evaluate component, be 
it when you decide no early treatment is needed and 
place your patient on recall, or when you have com-
pleted a focused early treatment and continue to moni-
tor the patient. You must always stress to the parents of 
early treatment patients that periodic observation is 
important to minimize developing problems. We may 
have been able to lessen Theo’s developing maxillary 
canine problem if periodic observation had been 
maintained.

Q: We noted that Theo’s mandibular anterior labial perio-
dontium appears to have thickened. What does the lit-
erature say about maxillary and mandibular anterior 
labial keratinized gingival widths in children six to 
twelve years of age?

A: In well- aligned teeth, increases in width of the facial 
keratinized and attached gingiva can take place [13].

Q: Was Theo’s early treatment warranted?
A: Yes. Correction of Theo’s anterior incisor crossbite was 

effective and necessary.

Q: What else should have been done during the years that 
Theo failed to return to clinic?

A: An LLHA should have been placed before exfoliation of 
Theo’s primary canines and primary molars in order to:

 ● Prevent mesial drift of mandibular molars. If man-
dibular molar mesial drift had been prevented, then 
Theo could now be in a bilateral Class I molar rela-
tionship instead of Class III on his right.

 ● Provide leeway space for improved mandibular 
anterior teeth alignment (especially mandibular 
canine alignment)

In addition, periodic panoramic radiographs should 
have been made in order to evaluate the eruption path 
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(a)

(d) (e)

(f)

(b) (c)

Figure 1.6  Records of Theo when he returned to our clinic at age fifteen years: (a–c) facial photographs, (d–e) lateral cephalograph 
and tracing (note that his dental arches were slightly separated when the cephalometric radiograph was made), (f) pantomograph, 
(g–k) intraoral photographs.
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GnGeaal  einniialGs  13

of the permanent maxillary canines. We would have 
likely seen the earlier ectopic path of the maxillary left 
permanent canine improving with growth. The even-
tual ectopic path of the maxillary right permanent 
canine would have been seen earlier in Theo’s develop-
ment, allowing steps to be taken to improve the path of 
eruption prior to the full development of his adolescent 
dentition.

Also, Theo’s growth should have been monitored, 
annually. We were lucky that Theo did not grow more 
Class III than he did. Periodic observation is important 
to minimize the difficulty of developing problems.

Q: Except for two retained primary teeth, Theo is now in 
the permanent dentition and ready for comprehensive 
orthodontic treatment. Although comprehensive treat-
ment is not the focus of this book, do you have any rec-
ommendations on how to proceed?

A: Theo’s mandibular incisors are upright, their labial 
periodontium has thickened, and he exhibits approxi-
mately 6 mm of mandibular anterior crowding. For 
these reasons, we decided to attempt comprehensive 
nonextraction treatment by aligning the mandibular 
anterior teeth. As they are aligned, the incisors will 
procline and tend to move into anterior crossbite. To 
avoid this, overjet would need to be created by proclin-
ing the maxillary incisors (spaces would be opened for 
composite veneers on the distal of the small maxillary 
lateral incisors). A reasonable alternative treatment 

would be to extract a mandibular incisor to gain space 
for alignment. This treatment would result in less max-
illary incisor proclination but more upright mandibu-
lar incisors.

Treatment began. To address the impacted maxil-
lary right permanent canine, a transpalatal arch was 
placed, and a distal elastic traction force applied to 
the impacted maxillary right canine after it was surgi-
cally exposed. This force pulled the maxillary right 
canine crown away from the maxillary right lateral 
incisor root before the canine was moved laterally 
into arch alignment. We did this in order to avoid 
resorption of the lateral incisor root by the canine 
crown. The two retained primary canines were 
extracted. Maxillary fixed orthodontic appliances 
were placed. Using elastics, the maxillary right per-
manent canine was moved laterally into alignment 
within the arch (Figure 1.7a).

Anterior overjet was next created by making spaces 
between the maxillary lateral incisors and maxillary 
canines using open coil springs. This overjet would 
allow alignment (proclination) of mandibular anterior 
teeth without creating an anterior crossbite. A few 
months later, we noticed that Theo had grown more 
Class III (2 mm). He was placed on a high- pull chin cup 
(Figure  1.7b, 250 grams per side) to reduce and re- 
direct mandibular forward growth while hoping maxil-
lary forward growth would continue. He wore it from 
eight pm each night until morning.

(g) (h) (i)

(j) (k)

Figure 1.6  (Continued)
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(a)

(b)

(c)

(f)

(g) (j)

(h) (i)

(d) (e)

Figure 1.7  (a–u) Progress records of Theo. The panoramic radiograph in J was made one month prior to deband, and we did not make 
a panoramic image after deband because of radiation hygiene. (k–u) Deband records of Theo. The cephalometric superimposition (p) 
illustrates the bony and dental changes which occurred during comprehensive treatment.
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GnGeaal  einniialGs  15

Figure 1.7  (Continued)

(k)

(o)

(q)

(t) (u)

(r) (s)

(p)

(l) (m) (n)
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Theo was very compliant with chin cup wear. 
Mandibular- fixed orthodontic appliances were placed, 
and both arches were leveled and aligned (Figure 1.7c–g).  
Note in Figure 1.7g that space is being created for the 
mandibular right canine using a compressed open coil 
spring inserted between the lateral incisor and first pre-
molar, and the mandibular left canine is being rotated 
with a couple (equal but opposite elastic forces on the 
buccal and lingual canine surfaces). Because of his 
excellent chin cup wear, Theo’s Class III molar and 
canine relationships did not worsen, and we felt com-
fortable using Class III elastics to correct his 2 mm Class 
III relationship (Figures 1.7h–1.7i).

We began closing maxillary anterior spaces until 
anterior overjet was eliminated. The black triangle 
between his maxillary central incisors (Figure  1.7d) 
was eliminated by enameloplasty of the mesio- incisal 
corners of the central incisors followed by space clo-
sure. Because Theo’s maxillary lateral incisors were 
small, we anticipated him needing maxillary lateral 
incisor composite veneers at the end of treatment to fill 
in residual spaces and give his maxillary lateral incisors 
the correct mesiodistal widths. However, we found that 
when a Class I canine relationship was achieved, we 
were able to close all maxillary spaces. This probably 
occurred because his mandibular incisors were upright 
(mandibular incisal edges were further back requiring 
less overjet than if they were proclined).

Theo’s height was monitored throughout compre-
hensive treatment. By age seventeen he had stopped 
growing. Comprehensive orthodontic treatment, 
including finishing, was completed by age eighteen 
(deband records are shown in Figures 1.7k–1.7u). He 
was placed in maxillary and mandibular Hawley 
retainers.

We were pleased with Theo’s final facial esthetics, 
smile, function, and occlusion. As expected, Theo had 
significant facial growth during comprehensive treat-
ment (cephalometric superimpositions, Figure  1.7p). 
His maxilla underwent anterior rotation as a result of 
growth and treatment moving downward posteriorly 
and showing very little forward growth overall. His 
mandible grew downward and forward with mild ante-
rior rotation.

We were not pleased with the uprightness of his 
mandibular incisors nor with the proclination of his 
maxillary incisors (Figures 1.7n and 1.7o), which 
reflect dental compensations for his differential 
maxillo- mandibular growth (mandible grew forward 
significantly, maxilla grew forward considerably less). 
We were not pleased with the second- order angulation 
of his maxillary left second premolar and his mandibu-
lar right lateral incisor (Figure 1.7j). His maxillary left 

lateral incisor also displays too much mesial and lin-
gual root angulation, contributing to the appearance of 
a shorter clinical crown. This was the clinical position 
of this tooth at the start of early treatment, and we 
neglected to focus on this problem during comprehen-
sive treatment.

Finishing imperfections notwithstanding, Theo and 
his parents were ready to have his braces removed. We 
recommended that Theo have his maxillary left lateral 
incisor lengthened slightly with a composite veneer, 
but Theo declined.

In summary, Theo’s early treatment consisted of 
anterior crossbite correction, which was completed by 
nine years of age and which prevented further incisor 
damage. However, we failed to place an LLHA at that 
time, we wish we had instituted Class III orthopedic 
treatment sooner than we did, but Theo disappeared 
for six years.

Q: Theo was included as an example in this section in 
order to underscore important concepts about early 
treatment diagnosis, treatment planning, and treat-
ment delivery. Can you suggest other important con-
cepts that his case illustrates?

A: These concepts are as follows:
 ● Early treatment is only one piece of total orthodontic 

care. Early treatment can be critically important. 
However, even if you get your patient back on track 
with early treatment, total treatment is incomplete 
until you have achieved excellent adult occlusion, 
function, tissue health, and facial esthetics. In addi-
tion, even after you successfully complete compre-
hensive treatment in the adult dentition, you must 
monitor the patient in retention. We did the right 
thing by treating Theo’s anterior crossbite early, but 
we were committed to caring for him until his com-
prehensive treatment was complete as an adult  – 
and beyond.

 ● Orthodontic treatment, including early orthodontic 
treatment, relies heavily on patient compliance. 
Theo failed to return to our clinic for years, during 
which time important early treatment opportunities 
(growth modification, space maintenance, and 
management of ectopically erupting teeth) were 
missed. Periodic observation is important to mini-
mize the difficulty of developing problems.

 ● Cephalometric findings should corroborate clinical 
observations. When inconsistencies are noted 
between cephalometric findings and clinical obser-
vations, pay special attention. According to his 
cephalometric analysis, Theo presented with an 
anteroposterior mandibular deficiency (relative to 
Nasion- perpendicular line). Clinically, he appeared 
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GnGeaal  einniialGs  17

to be developing a Class III malocclusion presuma-
bly due to greater mandibular anteroposterior skel-
etal growth than maxillary anteroposterior skeletal 
growth. Our cephalometric indicators may have 
suggested mild mandibular skeletal hypoplasia, but 
our initial clinical impression was correct.

 ● Due to his initial slight chin deviation to the right, 
lower dental midline to the right, Class III on the 
left by 1–2 mm, and CR  =  CO, we would have 
expected Theo to continue mandibular left asym-
metric excess growth. Such an asymmetric growth 
pattern was not evident long term. Close monitoring 
during treatment allows for change of treatment 
plan in response to unanticipated growth or treat-
ment response.

Q: Which early treatment cases are best avoided?
A: Be wary of severe skeletal Class II, severe skeletal Class 

III, or severe skeletal open- bite discrepancies. For 
example, a recent study reported that early, two- phase 
treatment for severe Class II high- angle patients offered 
no skeletal or dental advantage over later 1- phase treat-
ment [24]. Exceptions to this guideline include severe 
skeletal discrepancy patients where there is a clear psy-
chosocial (cosmetic) benefit to be gained from early 
treatment, when early treatment will dramatically sim-
plify future (surgical) treatment, or when risk of dental 
injuries due to excess overjet is a concern [25, 26].

Q: Why is the above guideline important?
A: Skeletal jaw discrepancies in the anteroposterior, verti-

cal, or transverse dimensions are treated in one of three 
ways: orthopedics, masking, or surgery. Dentofacial 
orthopedics uses forces to modify jaw growth and cor-
rect skeletal discrepancies. Masking (camouflage) cor-
rects the occlusion dentally without correcting the 
underlying skeletal discrepancy. An example of mask-
ing would be skeletal Class II treatment via extraction 
of maxillary first premolars to create space for retract-
ing maxillary canines from Class II into a Class I rela-
tionship. Masking and orthognathic surgery are 
generally considered only in the permanent dentition 
after growth is complete or nearly complete.

Orthopedics is the early treatment of choice for skel-
etal discrepancies. Whenever considering orthopedic 
treatment, you must reflect on the magnitude of the 
skeletal discrepancy and the time remaining to correct it.
Magnitude:

 ● For mild skeletal discrepancies: orthopedic correc-
tion may be possible with reasonable growth 
amount, direction, and patient cooperation.

 ● For moderate anteroposterior and skeletal open- bite 
discrepancies: orthopedic correction is less likely, 

but improvement with orthopedics may be enough 
to permit successful masking. In other words, a final 
dental correction with reasonable facial esthetics 
may be achieved if early orthopedic skeletal 
improvement is first obtained. When successful, 
this generally minimizes the need to consider surgi-
cal correction as part of comprehensive treatment of 
the adolescent dentition.

 ● For severe anteroposterior and skeletal open- bite 
discrepancies: orthopedic correction is unlikely. If 
attempting orthopedics in these severe skeletal dis-
crepancy patients, you must ensure that irreversible 
dental compensations are not placed, which would 
make later surgical correction difficult. We have 
made this mistake ourselves by placing a Class II 
patient with severe mandibular deficiency on a 
headgear only to find that dental correction was 
made by distal movement of the maxillary denti-
tion. When the patient later requested a mandibular 
advancement osteotomy to improve her chin projec-
tion, the surgical advancement was limited because 
the maxillary teeth had been retracted.

With severe skeletal discrepancies, a decision must 
be made whether to attempt early orthopedics to the 
point where masking is possible (with good facial 
esthetics) or to postpone (surgical) treatment until after 
growth is complete. If we attempt early orthopedics in 
severe skeletal discrepancy cases it is with the parent’s 
understanding that we will closely monitor to see what 
response we get (reduce unknowns) and that future 
orthognathic surgery is likely.
Time:

 ● Time of remaining growth can be your friend and 
your enemy.

 ● Time is your friend because the potential for ortho-
pedic growth modification is maximized if you have 
years of growth remaining.

 ● Time is your enemy because most patients are not 
infinitely compliant. They may cooperate for 
months, or even years, but they will eventually stop. 
Beyond that point, additional orthopedic growth 
modification usually ends.

 ● Time is your enemy because orthopedic treatment 
does not normalize the underlying jaw growth pattern. 
In other words, assume you begin orthopedic treat-
ment, the skeletal correction is made, and you stop 
orthopedic treatment. If the patient is still growing, 
then the previous growth pattern will return, and the 
patient may grow out of your correction.

Q: Jack (Figure  1.8) is ten years old and presents to you 
with the parents’ CC: “Jack needs orthodontic treat-
ment.” PMH includes hydrocephaly, Goldenhar 
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(a)

(d)

(f)

(e)

(b) (c)

Figure 1.8  Initial records of Jack: (a–c) facial photographs, (d–e) lateral cephalograph and its tracing, (f) pantomograph, (g–k) 
intraoral photographs.
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syndrome (oculo- auriculo- vertebral syndrome), hypo-
plastic left pinna, antimongoloid slant of palpebral tis-
sues, right- to- left nares imbalance, fusion of atlas- axis, 
antibiotic prophylactic coverage required for dental pro-
cedures, and hemophilia. PDH and TMJ evaluations are 

WRN. CR- CO left lateral shift of 2 mm. Dentally, he is in 
the transition between early and late mixed dentitions. 
List your diagnostic findings and problem list for Jack.

A:

(g)

(j) (k)

(h) (i)

Figure 1.8  (Continued)

Table 1.3  Diagnostic findings and problem list for Jack.

Full face and profile Frontal view
Face is symmetric
Long soft- tissue LAFH (soft- tissue Glabella- Subnasale < Subnasale – soft- tissue Menton)
Mentalis strain to achieve lip competence
UDML 3 mm to right of facial midline
Large buccal corridors
Inadequate gingival display in posed smile (central incisor gingival margins apical to 
vermillion border of maxillary lip)

Profile view
Convex profile
Obtuse NLA
Retrusive chin
Mildly procumbent mandibular lip

Ceph analysis Skeletal
Maxillary anteroposterior retrusion (as indicated by A- Point being positioned behind Nasion- 
perpendicular line. However, Jack’s syndrome may prevent us from using this measure to judge 
maxillary position. In fact, his maxillary anteroposterior position looks reasonably normal in 
the natural head position (Figure 1.8e).
Mandibular anteroposterior deficiency/retrusion
Long skeletal LAFH (LAFH/TAFH100% = 61%)
Steep MPA (FMA = 36°, SNMP = 47°)
Pronounced antegonial notching
Vertical maxillary excess (VME)
Ineffective bony Pogonion (Pogonion lies behind extended Nasion B- Point line)

(Continued)
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Table 1.4  Primary problems list for Jack aiinaal basG/skGalGtaal 
disneGianniGs itaalinizGd.

AP Angle Class III subdivision right with 
mandibular skeletal retrusion

Vertical Skeletal open bite (VME, skeletal long LAFH)

Transverse Maxillary transverse skeletal deficiency with 
bilateral lingual crossbite

Other Severe maxillary and mandibular anterior 
crowding

Q: What are Jack’s primary problems you must stay 
focused on?

A:

Q: Jack has skeletal problems in all three facial dimen-
sions. Let’s start with the vertical and anteroposterior 
dimensions. Should you begin early (orthopedic) treat-
ment to address these? If yes, what treatment would 
you recommend?

A: The skeletal and dental problems confronting Jack are 
severe. In the vertical dimension, an attempt to ortho-
pedically close his skeletal anterior open bite (and to 
maintain closure of the open bite) would require excep-
tionally long treatment with an uncertain outcome. 
Even if you placed TADs in both arches as anchors to 
intrude his posterior teeth, or simply to prevent erup-
tion of his posterior teeth (relative intrusion), the TADs 

would need to remain in place until Jack completed 
growth. The effects of such a treatment on his develop-
ing airway are unknown.

Compared to his vertical skeletal discrepancy, Jack’s 
anteroposterior skeletal discrepancy is more moderate. 
As Jack is entering the late mixed dentition stage of 
development, an attempt could be made to improve his 
anteroposterior skeletal relationship using orthopedics. 
However, high- pull headgear wear is prohibited because 
the headgear straps could occlude Jack’s hydrocephaly 
shunt (tubing is palpable). Further, we do not recom-
mend Class II functional appliance wear because it 
would further procline his mandibular incisors and pro-
mote a deleterious backward mandibular rotation [27].

For the above reasons, we decided not to attempt 
orthopedics in the vertical or anteroposterior dimen-
sions but instead chose to wait until Jack had com-
pleted growth. Surgery would be the treatment option 
of choice at that time.

Q: What about Jack’s transverse dimension? Should you 
begin early orthopedic treatment to address his poste-
rior crossbite?

A: Yes, limited early transverse treatment could simplify 
future comprehensive treatment. If Jack’s maxillary 
transverse deficiency can be corrected now with ortho-
pedics, then the need for a future multiple- piece maxil-
lary osteotomy (MPMO) to widen his maxilla, or the 

Dental
Maxillary incisor angulation appears WRN relative to natural head position (Figure 1.8e), but 
U1 to SN angle = 94° indicating upright maxillary incisors
Proclined mandibular incisors (FMIA = 49°)

Radiographs Hydrocephaly shunt (Figure 1.8d)
Right condylar hypoplasia or absence (difficult to see due to superimposition of other bony 
structures (Figure 1.8f)
Left condyle is flattened
Ectopic eruption of maxillary right permanent first molar
Transition between early and late mixed dentition stages of development

Intraoral photos and models Angle Class III subdivision right
Iowa Classification: III (4 mm) X I I (X indicates that right canine is missing)
Anterior open bite extending posteriorly to the permanent first molars
Bilateral posterior lingual crossbite
UDML 3 mm right of LDML
Mandibular transverse dental compensations (Figure 1.8h, mandibular permanent first molar 
lingual crown torque)
Severe maxillary and mandibular anterior dental crowding

Other - 

Diagnosis Angle Class III subdivision right skeletal open bite with VME, mandibular skeletal 
anteroposterior hypoplasia, bilateral posterior lingual crossbite due to maxillary transverse 
skeletal deficiency, and severe crowding

Table 1.3  (Continued)
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GnGeaal  einniialGs  21

need for a future surgically assisted rapid maxillary 
expansion (SARME) procedure, could be eliminated. 
In other words, if Jack’s maxilla can be widened now 
with RME, then a maxillary one- piece impaction oste-
otomy could someday correct his skeletal open bite – 
dramatically reducing the complexity of the maxillary 
surgery.

For these reasons, the maxillary right primary second 
molar and maxillary left primary first molar were 
extracted. After the ectopically erupting maxillary right 
permanent first molar and both maxillary first premo-
lars erupted, a Hyrax expansion appliance was deliv-
ered and RME begun (Figure 1.9). An expanded LLHA 
(with labial molar crown torque) was also inserted to 
upright the mandibular first permanent molars 
(Figure  1.9e) and allow maximum expansion of the 
maxilla by removing the mandibular transverse 
compensations.

Finally, in an attempt to maintain the vertical dimen-
sion as much as possible, Jack was asked to chew gum 
(exercise) every day. Previous studies have shown that 
daily chewing exercises resulted in a significant 
decrease in the mandibular plane angle or assisted in 
orthodontic treatment to close anterior open bites [28, 
29]. Jack developed recurrent coagulopathy problems, 
and his mother decided to discontinue orthodontic 
treatment until he was an adult.

Q: Caden (Figure 1.10) is nine years and seven months old. 
He was referred to you by his pediatric dentist for ortho-
dontic treatment. Caden tells you, “I do not want braces.” 
His mother says Caden had a small jaw when he was 
born and that, “Caden is not the best at cooperating.” 
PMH, PDH, and TMJ evaluations are WRN and 
CR  =  CO. Caden cries during your examination and 
when your staff makes records. What are Caden’s pri-
mary problems in each dimension (plus other problems)?

A:

Q: We have one specific question. Would you begin early 
(orthopedic) treatment to address Caden’s Class II 

(a) (b)

(d) (e)

(c)

Figure 1.9  (a–e) Progress records of Jack illustrating RME to correct his maxillary transverse skeletal deficiency. An expanded LLHA 
was also placed to upright his mandibular permanent first molars.

Table 1.5  Primary problems list for Caden aiinaal basG/skGalGtaal 
disneGianniGs itaalinizGd.

AP Angle Class II division 2
Iowa Classification: II (7 mm) X X II (6 mm)
Mandibular skeletal deficiency

Vertical 90% OB

Transverse - 

Other Potentially impacted maxillary permanent 
canines
Poor hygiene
Localized juvenile spongiotic gingival 
hyperplasia (maxillary left anterior)
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(a)

(d)

(f)

(e)

(b) (c)

Figure 1.10  Initial records of Caden: (a–c) facial photographs, (d–e) lateral cephalograph and tracing, (f) pantomograph, (g–k) 
intraoral photographs, (l–p) intraoral scans.
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skeletal discrepancy? If yes, what treatment would you 
recommend?

A: Because Caden has a severe mandibular skeletal defi-
ciency, a negative attitude toward orthodontic treat-
ment, a history of mediocre cooperation, and evidence 
of poor oral hygiene, we do not recommend attempt-
ing orthopedic treatment. We recommend waiting 

until he reaches maturity when, if he is interested in 
treatment, a mandibular advancement osteotomy 
could be considered.

Q: Do you recommend avoiding other types of cases?
A: We are reluctant to treat patients with severe disabili-

ties unless they are able to perform all functions 

(g) (h)

(j)

(l) (m)

(o) (p)

(n)

(k)

(i)

Figure 1.10  (Continued)
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needed to secure a successful outcome. Otherwise, 
treatment is frustrating for patient and doctor. Also, 
we recommend that you confirm treatment is some-
thing the child wants. You are providing care for the 
child, not the parent. A desire for treatment must 
come from the child.

Q: Can you suggest general principles to follow regarding 
patient compliance during early treatment?

A: General principles include the following:
 ● “Each patient is blessed with one cup of compli-

ance.” (Dr. Mike Callan). When it is gone, it is gone. 
Design your treatment to be as efficacious as possible 
over the shortest time possible. For some treatments 
(e.g. Class III orthopedics), the patient may need to 
exhibit super- human compliance over many years 
until they are finished growing.

 ● Always have a fallback plan (contingency plan) if 
your primary treatment plan fails due to lack of 
cooperation. For example, in Class III treatment, 
you may be forced to offer permanent tooth extrac-
tions or orthognathic surgery if the patient’s 
response to orthopedic treatment is less than 
desired.

Q: Let’s briefly discuss the need for early treatment in 
terms of esthetics and self- esteem. Dylan, a seven- year- 
old boy, presents for a consultation (Figure 1.11) with 
his mother’s CC, “Dylan is teased at school because his 
front tooth sticks out. He is very self- conscious about it. 
I went to another orthodontist who refused to do any-
thing about it. He said it was too early. I want his front 
tooth corrected.” You examine Dylan. PMH, PDH, TMJ’s, 
and periodontal tissues are normal. CR = CO. What do 
you observe?

A: Overall, Dylan appears to be developing normally. His 
face is symmetric with a normal LAFH and mildly con-
vex profile. He is in the early mixed dentition and 
exhibits a mesiodens (Figure 1.11d). He has a Class I 
canine and molar relationship, normal OB of the max-
illary right central incisor, and 50% OB of the maxillary 
left central incisor. He has a normal transverse rela-
tionship (but large buccal corridors, Figure  1.11b), 
mild mandibular anterior crowding, and premature 
loss of mandibular right primary first molar with the 
space being maintained by a band and loop appliance 
(Figure  1.11i). His maxillary left central incisor is 
severely rotated/proclined, and he has a large diastema 
between his maxillary central incisors. There is an 
absence of either hard or soft- tissue damage resulting 
from this malalignment.

Q: What is the cause of the misaligned incisor?
A: The etiology is unknown. However, the presence of a 

mesiodens may have contributed to the ectopic erup-
tion of the maxillary left permanent central incisor.

Q: Do issues of poor self- esteem, such as Dylan’s, warrant 
early orthodontic intervention?

A: Generally, no.  [30] For instance, in Class II patients, 
early treatment had no effect on self- esteem  [26]. 
However, orthodontic treatment can improve self- 
concept and decrease negative social experiences [31, 
32]. So, the question of whether to provide early treat-
ment in the hope of improving self- concept (everything 
you know about yourself) or self- esteem (how you rate 
what you know about yourself) must be dealt with on a 
case- by- case basis. If a child is being teased about their 
dental condition, then this could be justification for 
early treatment.

Q: His mother’s chief complaint offers us an important 
“take-home pearl”. What is it?

A: Be cautious about letting parents dictate orthodontic 
treatment. You should treat only if you consider the 
treatment to be of benefit, reasonable, and what you 
would want for your own child.

Q: You decide to provide early treatment to address the 
malpositioned maxillary left central incisor. What 
treatment would you recommend?

A: The supernumerary tooth between the maxillary cen-
tral incisors (Figure  1.11d) was surgically removed, 
fixed orthodontic appliances were bonded to the maxil-
lary central incisors and maxillary primary second 
molars, the diastema was closed, and the maxillary left 
central incisor was aligned (Figure 1.12). A circumfer-
ential supracrestal fiberotomy (CSF, Figure 1.12e) was 
then performed.

Q: Why did we request a CSF for Dylan?
A: Severing the gingival fibers around the sulcus of a tooth 

(to the alveolar crest) may reduce posttreatment 
relapse. CSFs have been shown to be more effective in 
alleviating pure rotational relapse than in reducing labi-
olingual relapse  [33] and more successful in reducing 
relapse in the maxillary anterior segment than reducing 
relapse in the mandibular anterior segment. With his 
severe maxillary left central incisor rotation, Dylan was 
the perfect candidate for a CSF.

Q: In addition to requesting a CSF, how else would you 
recommend retaining his maxillary central incisor’s 
corrected alignment?
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(a) (b)

(d)

(e) (f)

(h) (i)

(g)

(c)

Figure 1.11  Initial records of Dylan: (a–c) facial photographs, (d) pantomograph, (e–i) intraoral photographs.
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A: We placed a fixed lingual retainer/wire bonded between 
Dylan’s maxillary central incisors.

Notes: (i) OB must be shallow (not deep) in order to 
bond a fixed maxillary lingual retainer so that the man-
dibular incisors do not occlude against it; and (ii) it is a 
good idea to bond the fixed maxillary lingual retainer 
at least one month before the debanding appointment 
in order to monitor that it will remain attached. A clear, 
vacuum- formed retainer covering his palate and maxil-
lary incisors was also given to Dylan to be worn at night 
until additional permanent teeth erupt.

Q: Figure 1.13 shows Dylan at deband. What changes do 
you observe?

A: The severe rotation of his maxillary left central incisor 
has been corrected resulting in significant improve-
ment of Dylan’s smile esthetics. He will be monitored 
for additional early treatment (e.g. placement of an 
LLHA to help alleviate mandibular anterior crowding) 
and later comprehensive treatment.

Q: Was Dylan’s early treatment warranted?
A: Early treatment to improve a child’s self- concept or 

self- esteem must be made on a case- by- case basis. On 
the one hand, you could argue that no tissue damage 
was occurring from the malaligned maxillary left cen-
tral incisor and that correction of the malaligned tooth 
could have been postponed until comprehensive treat-
ment in the adult dentition. On the other hand, Dylan 
and his mother were delighted with the correction and 

stated that the teasing at school had stopped. We feel 
like his treatment was warranted.

Q: What are your “take-home pearls” from this section?
A: “Take-home pearls” include the following:

 ● The goal of early treatment is to correct developing 
problems – get the patient back to normal for their 
stage of development (including preventing compli-
cations, reducing later treatment complexity, and 
reducing/eliminating unknowns).

 ● Early treatment should be applied to correct very 
specific problems with a clearly defined end point, 
usually within six to nine months. Early treatment 
should generally not drag out for years and years 
into comprehensive treatment. There are exceptions 
to this guideline, including orthopedic treatment of 
some developing skeletal problems, such as skeletal 
Class III malocclusions.

 ● When deciding whether to begin early treatment, 
always ask, “Is it necessary that I treat the child 
now? What harm can come if I choose to do nothing 
now – if I recall the patient in 6–12 months?” One of 
the hardest things for orthodontists to do is to wait.

 ● Focus on the patient’s primary problems in each 
dimension (plus other major problems).

 ● Before beginning treatment, always ask, “What 
unknowns am I facing?” Whenever possible, reduce 
your unknowns first  – before establishing a final 
treatment plan but especially before doing anything 
irreversible (e.g. extracting permanent teeth).

(a) (b)

(c) (d) (e)

Figure 1.12  (a–d) Progress records of Dylan, (e) circumferential supracrestal fiberotomy (CSF).
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(a) (b) (c)

(d) (e)

(g) (h)

(f)

Figure 1.13  (a–h) Deband photos of Dylan.

 ● Always have a fallback plan (contingency plan) if 
your primary treatment plan fails due to lack of 
patient compliance or unfavorable growth.

 ● Early treatment involves frequent monitoring of 
patients. Adjustments to plans are made as you 
deem appropriate.

 ● When considering orthopedic treatment, reflect on 
the magnitude of the skeletal discrepancy and the 
time (potential growth) remaining to address it.

 ● As a rule, avoid early orthopedic treatment of severe 
skeletal Class II, severe skeletal Class III, or severe 
skeletal open- bite discrepancies. In such severe cases, 
some limited early treatment may be recommended 
to improve the patient’s appearance (psychosocial 
benefit) or if early treatment will dramatically simplify 

future treatment. We will often recommend early cor-
rection of severe maxillary transverse skeletal defi-
ciencies in order to avoid later (surgical) maxillary 
expansion.

 ● Masking (camouflage) and orthognathic surgery are 
generally not considered as early treatment options. 
Orthopedics is the skeletal discrepancy early treat-
ment of choice.

 ● Be wary of early treatment cases when the patient is 
severely disabled unless the patient has expressed a 
strong desire for treatment and is able to perform all 
necessary functions to insure a successful outcome.

 ● Decisions to provide early treatment to improve a 
child’s self- concept or self- esteem are made on a 
case- by- case basis.
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 ● Early treatment can offer significant benefits. 
However, it can also result in prolonged treatment 
times, worse final clinical assessments, and 
increased incidences of patient/parent “burn- 
out.”  [34] Be selective when applying early treat-
ment. This text will provide a foundation for helping 
you to decide when to do so.

 Growth and Development of the 
Craniofacial Complex

Background

An in- depth understanding of craniofacial growth and 
development is essential to the practice of our specialty. 
Patients are often evaluated for early orthodontic interven-
tion at a time when their facial skeleton and associated soft 
tissues are experiencing significant growth. Thus, founda-
tional knowledge of post- natal craniofacial growth, herita-
ble and environmental influences on jaw growth and tooth 
development, and potential response of the growing jaws 
and teeth to intervention is crucial to provide effective 
early treatment to patients, and to assess early treatment 
outcomes. This section provides a brief review of impor-
tant craniofacial growth and development concepts, with 
an emphasis on the facial skeleton, the airway, and the den-
tition. The development of other key soft tissues that sup-
port neural activity, respiration, mastication, and 
deglutition undoubtedly have an important influence on 
the growth and development of the facial skeleton. For 
more additional information on the growth and develop-
ment of craniofacial soft tissues, the reader is referred to 
more comprehensive treatises on this subject [35–37].

Normal Skeletal Growth and Development, 
Abnormal Growth, and Growth Velocity

Q: Do we have a complete understanding of the underly-
ing mechanisms responsible for craniofacial growth 
and development?

A: Despite advances in our knowledge of craniofacial 
growth and development, a complete understanding of 
the underlying mechanisms has not yet been eluci-
dated. The prevailing theory posits genetic control, 
whereby molecular signaling processes that dictate the 
temporal and spatial expression of key developmental 
genes, and environmental factors that modulate these 
control mechanisms operate in concert to influence 
craniofacial development  [38]. The functional matrix 
hypothesis of Moss, a mechanistic description of the 
process of craniofacial growth and development, is the 
main conceptual framework understood by orthodon-

tists  [39, 40]. Future research on the genetic control 
theory will elucidate the mechanism of the functional 
matrix hypothesis. Comprehensive treatment of these 
concepts can be found elsewhere [39–44].

Q: What is meant by craniofacial growth and development?
A: The term growth describes a change in size or quantity. 

In the context of craniofacial development, this occurs 
by cell proliferation leading to tissue enlargement. The 
term development describes changes in form and func-
tion based on changes in the specialization of cells, tis-
sues, and organs [45].

Q: What drives the growth and development of the crani-
ofacial skeleton?

A: Growth and development of the craniofacial skeleton 
is under genetic control and modified by environmen-
tal factors. This growth control system mediates the 
specialization and enlargement of craniofacial skeletal 
tissue in concert with the specialization and enlarge-
ment of the tissues supporting neural activity, respira-
tion, mastication, and deglutition. Craniofacial 
development is controlled by complex gene- regulatory 
networks. For example, HOX and DLX genes are 
responsible for patterning of the vertebrate head in 
rostro- caudal and dorso- ventral axes, respectively [46]. 
Other key genes expressing transcription control fac-
tors and growth factors are responsible for mediating 
the growth, development, and maintenance of skeletal 
and soft tissues throughout embryogenesis and postna-
tal development [40, 42, 47].

Q: In general terms, how does the facial skeleton grow?
A: The growing facial skeleton is a composite of cranial 

base growth, individual facial bone growth, and eruption 
and drift of the teeth. Each of these components has its 
own unique pattern of change, in space and time, 
driven by growth and development of associated key 
soft tissues and sensory organs. The unique shape and 
size characteristics of the facial skeleton are not gener-
ated independently. Change in size and shape of each 
growing facial bone is the result of complex genetic, 
spatial, temporal, and functional interrelationships 
among the essential functional components of the 
craniofacial region [41–43]. A composite of the growth 
and development changes for the cranial base and 
facial bones in the sagittal view is depicted in 
Figure 1.14.

Q: What are the underlying osteogenic mechanisms 
responsible for facial bone size and shape changes?

A: Underlying osteogenic mechanisms include:
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(a) (b)

Figure 1.14  (a) Changes in size, shape, and position of the major skeletal components contributing to the growth of the face as 
viewed in the sagittal. Approximate outline of the cranial base (gray), the maxilla (green) and the mandible (blue) as seen on a lateral 
cephalogram. Darker shades of color indicate the approximate location and direction of changes in size and shape due to drift and 
displacement of the cranial base, maxilla, mandible, and teeth during growth (SouenG: From Duterloo and Planche [48]. Figure 3- 23. 
Reproduced with permission from Quintessence Publishing Company Inc, Chicago); (b) the location of the cranial base (gray), maxilla 
(green), and mandible (blue) on a lateral cephalogram.

 ● Bone formation by both intramembranous and 
endochondral ossification.

 ● Intramembranous ossification is the mechanism for 
modeling and remodeling of the majority of the 
facial skeleton. Bone modeling drives spatial dis-
placement of the cortical surfaces of intramembra-
nous bone during which bone deposition and 
resorption of the periosteal and endosteal cortical 
surfaces occurs.

 ● Endochondral ossification replaces a cartilage tem-
plate with bone. This is the mechanism for forma-
tion of the bony cranial base from the primary 
cartilage precursor. It is also the mechanism for 
growth of the condyle from adaptive secondary car-
tilage of the condyle.

 ● Bone modeling at the facial bone surfaces causing 
individual facial bone enlargement and change in 
shape. This is defined as facial bone surface drift.

 ● Bone modeling at the facial bone sutures coordi-
nated with spatial displacement of investing func-
tional tissues. This displacement is termed primary 
displacement of the facial bones and is often 
referred to as “sutural growth” of the craniofacial 
skeleton.

 ● Interstitial growth of cartilage in the synchondroses 
of the cranial base and nasal septal cartilage associ-
ated with spatial displacement of the adjoining 
bones of the face. Facial bone displacement by the 
enlargement and/or translation of adjoining facial 
bones is termed secondary displacement.

 ● Chondrogenesis and endochondral ossification of 
secondary cartilage of the mandibular condyle asso-
ciated with primary displacement of the mandible.

With the possible exception of secondary displace-
ment mediated by growth at synchondroses and the 
nasal septal cartilage, bone displacement and drift does 
not cause bones to “push” against each other. Facial 
bone displacement and drift is, by and large, mediated 
by biochemical and biomechanical signals during 
growth and development of the enveloping soft tis-
sues [41, 42, 49].

The following questions provide a brief overview of 
the growth and development of the cranial base, the 
nasomaxillary complex, the mandible, and the airway. 
For more comprehensive reviews of these processes, 
we refer the reader to some excellent references [35, 47].

Q: How does the cranial base grow? How does cranial base 
growth contribute to facial growth? Provide a 
detailed review.

A: The cranial base provides the foundation for postnatal 
facial development. In the midline, the cranial base 
undergoes lengthening by primary displacement to 
accommodate the growing brain. Frontal and temporal 
lobe brain expansion corresponds with the endochon-
dral bone replacement of cartilage in the main growth 
centers of the cranial base, the spheno- ethmoidal and 
spheno- occipital synchondroses. Frontal and temporal 
lobe expansion also drives anterior and middle cranial 
fossae anteroposterior, vertical, and lateral  enlargement 
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via sutural growth and drift (see Figure 1.15). Details of 
cranial base spatial and temporal growth are found 
elsewhere [50].

The resulting forward movement of the anterior cra-
nial base has a forward displacement (secondary) effect 
on the nasomaxillary complex. The forward growth of 
the anterior cranial base reaches adult dimension 
sooner than the posterior cranial base, reaching 90% of 
adult size by ~five years of age. The portion measured 
from sella turcica to foramen cecum ceases anteropos-
terior growth by ~seven years of age. Nasion continues 
forward growth through puberty influenced by expan-
sion of the frontal sinus and, as some have suggested, 
growth of the nasal septal cartilage [51].

The pterygoid processes move downward by drift and 
displacement. As frontal lobe expansion and spheno- 
ethmoidal synchondrosis growth cease (approximately 
age seven), temporal lobe expansion continues, displac-
ing the frontal lobe anteriorly with a continued second-
ary displacement effect on the anterior cranial base and 
the nasomaxillary complex. Temporal lobe expansion 
laterally and vertically also influences the position of 
the glenoid fossae, which are displaced posteriorly and 
inferiorly until approximately age fifteen to sixteen 

years  [52, 53], and to a greater degree during adoles-
cence compared to childhood  [54]. Numerous studies 
across different ethnic populations have shown that a 
more obtuse cranial base angle (angle formed by 
Nasion- Sella and Sella- Basion) and/or a long anterior 
(relative to posterior) cranial base length is associated 
with a skeletal Class II relationship. A more acute cra-
nial base angle and/or a short anterior cranial base 
length is associated with a skeletal Class III relation-
ship [55]. A composite of these growth movements in 
the sagittal view is depicted in Figure 1.16.

Q: How does the nasomaxillary complex grow?
A: Growth expansion of the nasal septal cartilage, the 

investing soft tissues, and the airway displace the naso-
maxillary complex downward and forward with pri-
mary displacement at the circummaxillary sutures 
adjoining the frontal, zygomatic, ethmoid, nasal, lacri-
mal, and palatine bones (see Figure 1.17).

Airway and soft- tissue expansion directs bilateral dis-
placements with growth at the intermaxillary sutures. In 
relative terms, the greatest amount of growth displace-
ment of the nasomaxillary complex is displacement in 
vertical height, followed by displacement in anteropos-
terior depth, followed by displacement in transverse 
width [47]. Downward and forward growth of the ante-
rior cranial base contributes early to nasomaxillary 

Figure 1.16  Changes in size, shape, and position of the cranial 
base during growth – as viewed in the sagittal. The intersection 
of the white lines indicates Sella point. Darker gray and dark 
arrows indicate approximate magnitude and direction of 
changes due to growth- driven drift and displacement. (SouenG: 
From Duterloo and Planche [48]. Figure 3- 25. Reproduced with 
permission from Quintessence Publishing Company Inc., 
Chicago.)

Anterior

Middle

Posterior

Figure 1.15  Axial view of the endocranial surfaces of the 
cranial base. Shaded areas refer to the anterior, middle and 
posterior cranial fossae.
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displacement, diminishing at ~ age  seven, as 
 continued  displacement is directed by enlargement of 
the airway, investing soft tissue and the nasal septal car-
tilage [42, 51]. This is accompanied by backward down-
ward drift at the posterior maxilla (tuberosity) with new 
bone available for eruption of permanent molar teeth 
and downward directed drift of the hard palate. 
Nasomaxillary surface drift occurs in response to chang-
ing soft tissue and facial bone spatial relationships. 
Palatal inferior drift and vertical drift of the maxillary 
permanent teeth contribute approximately 66% of the 
vertical height change in the maxilla [56, 57]. Vertical 
drift of maxillary teeth is controlled by forces of 

eruption (exact mechanism unknown) and forces 
opposing eruption (e.g. functional/parafunctional load-
ing with mandibular teeth). A composite of these 
growth movements in the sagittal view is depicted in 
Figure 1.18.

The contribution of nasal septal cartilage interstitial 
growth to downward forward translation of the naso-
maxillary complex remains controversial. Many believe 
the growth expansion of the nasal septal cartilage 
drives nasomaxillary downward and forward displace-
ment  [58–60]. Others believe the expansion of the 
nasal septal cartilage is adaptive to the functional 
demands directing the expansion of the airway 

(a)

Frontomaxillary

Frontomaxillary

Nasomaxillary

Nasomaxillary
Lacrimomaxillary

Zygomaticomaxillary

Zygomaticomaxillary

Intermaxillary

Midpalatel

Transverse
palatine

(b)

(c)

Figure 1.17  (a–c) Nasomaxillary complex displaying sutures in common with adjoining facial bones.
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according to the functional matrix hypothesis [61, 62]. 
Some authors have suggested the role of the nasal sep-
tum as a growth center is attenuated at the time the 
junction of the ethmoid and sphenoid bones transition 
from a cranial base growth center (synchondrosis) to a 
cranial base growth site (suture) [63].

Q: How does the mandible grow?
A: The mandible is carried downward and forward by 

growth expansion of the enveloping soft tissues. In 
response, the mandible grows upward and backward 
largely by a combination of bone surface drift (intram-
embranous ossification) and primary displacement at 
the condyle (endochondral replacement of secondary 
cartilage).

Q: The mandible consists of five developmentally impor-
tant regions. What are they, and what role does 
each play?

A: The mandible consists of the condyle, coronoid pro-
cess, ramus, corpus, and alveolar process (Figure 1.19). 
The role of each is as follows: [42]

 ● Condyle: along with the ramus, it is a major site of 
compensatory mandibular growth during down-
ward and forward facial soft- tissue expansion. It 
provides articulation with the temporal bone to 
mediate function between the maxillary and man-
dibular teeth. It performs these roles by virtue of the 

condylar cartilage, a specialized secondary cartilage 
allowing endochondral bone growth to occur in the 
presence of masticatory compressive forces on the 
condylar head. The arrangement of secondary carti-
lage allows condylar growth to be adaptive, facilitat-
ing change in growth direction as pressure and 
tension on the condylar head change, and to main-
tain the relationship of the condyle and glenoid 
fossa as the mandible is carried downward and 
forward.

 ● Coronoid process: provides attachment of the tem-
poralis muscle, which supports the process of masti-
cation. The coronoid process undergoes extensive 
drift upward, backward and laterally during the 
downward and forward translation of the mandible.

 ● Ramus: as a major site of adaptive growth and 
growth compensations, it is of equal importance to 
the condyle during downward and forward transla-
tion of the mandible. In order to maintain the 
appropriate spatial and functional relationship of 
the mandibular dentition with the maxillary denti-
tion during growth, the ramus undergoes complex 
changes in width, depth, height, and uprighting 
(gonial angle becoming more acute). Although it is 
common to encounter the term “condylar growth,” 
signifying the condyle as the most important man-
dibular growth center, the importance of ramus 
growth is co- equal in establishing balance or imbal-
ance in mandibular position. Also, the ramus pro-
vides attachment for the masseter and medial 
pterygoid muscles.

 ● Corpus: supports the alveolar process and teeth dur-
ing development and mastication; provides attach-
ment for many muscles, include the mentalis muscle.

 ● Alveolar process: provides a bony housing for the 
eruption, drift, and function of teeth.

Figure 1.18  Changes in size, shape, and position of the maxilla 
and maxillary teeth during growth – as viewed in the sagittal. 
Darker color and dark arrows indicate approximate magnitude 
and direction of changes due to growth- driven drift and 
displacement. (SouenG: From Duterloo and Planche [48]. 
Figure 3- 29. Reproduced with permission from Quintessence 
Publishing Company Inc., Chicago.)

1
2

3
5

4

Figure 1.19  The mandible consists of five regions: (1) condyle, 
(2) coronoid process, (3) ramus, (4) corpus, and (5) alveolar 
process.

 10.1002/9781119793625.ch1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/9781119793625.ch1 by Fraser D

art - W
iley , W

iley O
nline L

ibrary on [05/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Growth  and DeDeropDaw rodwthD  G anro an e  rpoeDe   33

Q: Describe the anatomy of the pharynx at birth, and the 
changes that occur during growth and development to 
adolescence.

A: In the newborn, the pharynx, uvula, and epiglottis are 
in proximity to allow the independent functions of 
suckling and breathing. During the period from 
approximately eighteen  months of age until adoles-
cence, vertical growth causes the relative descent of the 
larynx, increasing the cumulative vertical length of the 
nasopharynx, oropharynx, and laryngopharynx 
 twofold from ~7–8  mm to ~15–16 mm, ultimately 
stretching vertically between the sphenoid bone supe-
riorly and the level of the fifth cervical vertebrae inferi-
orly (Figure  1.20)  [64, 65] This change in length is 
thought to be an anatomical prerequisite for human 
speech [66]. As this vertical growth ensues, the phar-
ynx develops three specialized functions: deglutition, 
during which the pharyngeal constrictors and tongue 
are employed to transport food from the oral cavity into 
the esophagus; phonation, during which the pharynx 
changes length and shape to alter the sounds passing 
from the larynx; and respiration, during which the 
pharynx must become more rigid to avoid collapse to 
allow adequate passage of air.

Q: Describe the anatomy of the adolescent pharynx.
A: The pharynx is divided into three anatomic regions 

(Figure 1.21): (i) The nasopharynx is bounded by the 
soft palate inferiorly, the pharyngeal tonsils superiorly, 

the superior pharyngeal constrictor posteriorly and the 
nasal choanae anteriorly. (ii) The oropharynx is 
bounded by the soft palate superiorly and the epiglottis 
inferiorly. The palatoglossal arches and the posterior 
third of the tongue form the anterior boundary. The 
posterior wall of the oropharynx is formed by the supe-
rior, middle, and inferior constrictor muscles. The lat-
eral pharyngeal walls are formed by the hyoglossus, 
styloglossus, stylohyoid, stylopharyngeus, palatoglos-
sus, palatopharyngeus, and the lateral aspects of the 
superior, middle, and inferior pharyngeal constrictor 
muscles.

In the midsagittal view, the oropharynx is subdivided 
into the retropalatal region, bounded by the hard palate 
superiorly and the caudal margin of the soft palate infe-
riorly, and the retroglossal, bounded by the caudal mar-
gin of the soft palate superiorly and the tip of the epiglottis 
inferiorly. In infants and young children, the retropalatal 
region is larger in relative size, because the soft palate 
and the epiglottis are in proximity (Figure 1.20). (iii) The 
laryngopharynx is bounded by the epiglottis and by the 
pharyngoepiglottic fold superiorly and the upper esoph-
ageal sphincter inferiorly.

Q: From an orthodontic point of view, characterize “nor-
mal” and “abnormal” craniofacial growth and 
development.

A: Craniofacial growth and development that is consid-
ered “normal” results in a range of intermaxillary skel-
etal and dental relationships that do not create 
impediments to the major elements of craniofacial 
function: brain function, nerve function, respiration, 

Tongue

Tongue

Larynx

Larynx

C3

C3

C4

C4

C5

Figure 1.20  The development of the pharynx from childhood 
to adolescence.

Pharynx
Nasopharynx

Oropharynx

Laryngopharynx

Figure 1.21  The anatomical divisions of the mature pharynx.
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mastication, or deglutition (i.e. development with an 
absence of superimposed pathogenesis) [67]. In ortho-
dontic terms, “normal” is a spectrum of variation that 
includes normal occlusion and ideal occlusion. Ideal 
occlusion describes ideal tooth alignment and maxi-
mum intercuspation of the dentition in the presence of 
balanced maxillo- mandibular interrelationships in 
three planes of space. Normal occlusion describes a 
range of tooth alignment relationships that have Class 
I molar relationship in common. Normal occlusion 
occurs in a wide range of diverse anteroposterior, trans-
verse, and vertical skeletal relationships  [68, 69]. 
Normal craniofacial pattern describes a range of inter-
maxillary and interocclusal relationships associated 
with normal craniofacial function.

However, “abnormal” is also a term used in ortho-
dontics to describe a range of malocclusion stemming 
from mild to moderate discrepancies of intermaxillary 
skeletal and dental relationships not impacting crani-
ofacial function that are routinely treated by ortho-
dontists. The extremes of “abnormal” skeletal 
discrepancies are severe dentofacial deformities and 
syndromic craniofacial dysmorphism that are treated 
by craniofacial orthodontists as part of a craniofacial 
clinical team. In this book, when we use the term 
“abnormal” we are referring to mild to moderate 
growth and development- related intermaxillary and 
interocclusal discrepancies for which the goal is to 
employ routine orthodontic treatment to improve 
these discrepancies WRN. Information on the diagno-
sis and management of craniofacial anomalies can be 
found elsewhere [70].

Q: How does “normal” development of the facial skele-
ton occur?

A: “Normal” relationships of the facial skeleton arise from 
a sequential coordination of the major elements of the 
craniofacial growth process:

 ● Cranial base growth.
 ● Downward and forward translation of the maxilla 

with adaptive growth at the circummaxillary and 
intermaxillary sutures and vertical drift of the pal-
ate/nasal floor.

 ● Posteriorly and superiorly directed adaptive growth 
of the mandibular corpus, ramus and condyle.

 ● Maxillary and mandibular growth rotation (clock-
wise or counterclockwise).

 ● Vertical dentoalveolar development.
These processes are directed by complex interrela-

tionships between factors under genetic control and 
environmental (epigenetic) factors influencing this 
control.

Q: Is “normal” skeletal development a prerequisite for 
“normal” interocclusal dental relationships?

A: No. A Class I molar relationship is considered “normal” 
as is 1–2 mm of incisor overjet, and 10–20% of incisor 
overbite. However, “normal” interocclusal dental rela-
tionships develop in individuals with a wide range of 
“normal” skeletal relationships. For example, it is esti-
mated that 50–55% of the United States population has 
Class I malocclusion [71], yet Class I molar relationship 
is associated with a variety of anteroposterior, vertical, 
or transverse skeletal relationships (in addition to den-
tal problems, such as crowding) [69, 72].

Among all human populations, there are individuals 
who vary significantly from others in both vertical, 
anteroposterior, and transverse skeletal relationships, 
yet have similar interocclusal relationships [73].

Q: The preceding answer raises the following question: 
what is the growth mechanism providing “normal” 
interocclusal dental relationships despite significant 
variation in skeletal relationships?

A: Simply put, it is the compensatory growth potential of 
each major element of the facial growth process. In 
other words, compensatory growth of one element can 
overcome unbalanced growth of another element, 
allowing for attainment and maintenance of normal 
interocclusal relationships [42]. For example, decreased 
cranial base flexure can be associated with skeletal 
mandibular hypoplasia which, in turn, is often associ-
ated with an abnormal interocclusal relationship. 
However, decreased cranial base flexure combined 
with compensating increased ramus depth growth can 
produce a normal interocclusal relationship.

Q: In addition, what is the dental mechanism which pro-
vides normal interocclusal dental relationships despite 
significant variation in skeletal relationships?

A: The path for tooth eruption is dictated, labiolingually/
buccolingually, by a balance of soft- tissue pressures 
between the tongue and cheeks/lips. This path pro-
vides a dental compensatory mechanism to permit the 
teeth to erupt together in spite of the presence of skel-
etal relationship variation. For instance, in the case of 
a hypoplastic mandible (Figures 1.22a and 1.22b), the 
mandibular incisors will erupt between the tongue 
and lips with a proclined inclination in order to contact 
with the maxillary incisors. In the case of a hyperplas-
tic mandible (Figures 1.22c and 1.22d), the mandibu-
lar incisors will erupt between the tongue and lips 
with a retroclined inclination in order to contact the 
maxillary incisors.
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Q: Our knowledge of the transverse morphologic changes 
which occur during growth and development is far 
greater than our understanding of the biology underly-
ing those changes. Can you describe the pattern of 
transverse bone changes which occur during maxillary 
and mandibular growth and development?

A: A pattern of bony width changes in the alveolar bone 
supporting the teeth occurs as a gradient in the vertical 
dimension [73]. As illustrated in Figure 1.23, the  greatest 

width change occurs more superiorly (Jugale point), and 
the least width change occurs inferiorly (mid- alveolar 
point of the mandible). Divorced from this pattern are 
the transverse mandibular basal bone changes, meas-
ured as bi- gonion and bi- antegonion.

Q: Can you describe the transverse dental (permanent 
molar) movements which occur during growth and 
development.

(a) (b)

(c) (d)

Figure 1.22  (a, b) Patient exhibiting a normal maxilla and hypoplastic/deficient mandible. Note compensatory proclination of 
mandibular incisors. (c, d) Patient exhibiting a normal maxilla and a hyperplastic/excessive mandible. Note compensatory 
retroclination of mandibular incisors and compensatory proclination of maxillary incisors.
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A: Maxillary molars erupt with buccal crown torque and 
upright with age as the maxilla widens (Figure 1.24). 
Mandibular molars erupt with lingual crown torque 
and upright with age. These molar crown torque 
changes are accompanied by concurrent increases in 
maxillary and mandibular intermolar widths. On aver-
age, the basal bone of the maxilla increases in width by 
5.4 mm; maxillary intermolar width increases 
by 3.0 mm; mandibular intermolar width increases by 
2.0 mm; and mandibular cross arch crest- level alveolar 
width increases by 1.6 mm [73, 74].

Q: What does the above finding mean in terms of dental 
treatment goals?

A: The finding provides support for the American Board 
of Orthodontics’ requirement that ideal finishing treat-
ment include upright posterior teeth.

Q: What are transverse posterior dental compensations?
A: Transverse posterior dental compensations are exces-

sive buccal or lingual torques resulting from transverse 
apical base discrepancies between the jaws. Figure 1.25a 
illustrates excessive maxillary first molar buccal crown 
torque, and excessive mandibular lingual crown torque, 

resulting from either inadequate maxillary transverse 
growth or excessive mandibular transverse growth. 
Figure 1.25b illustrates excessive maxillary first molar 
lingual crown torque, and excessive mandibular buccal 
crown torque, resulting from either excessive maxillary 
transverse growth or inadequate mandibular trans-
verse growth.

Figure 1.23  Mean transverse basilar, cross arch alveolar, and inter molar changes from age 7.5 years to 26.4 years: (1) maxillary 
basilar width; (2) maxillary cross arch width mid- alveolar buccal; (3) maxillary cross arch width mid- alveolar palatal; (4) maxillary 
cross arch width alveolar crest buccal; (5) maxillary cross arch width alveolar crest palatal; (6) maxillary intermolar width; (7) 
mandibular intermolar width; (8) mandibular cross arch width alveolar crest buccal; (9) mandibular cross arch width alveolar crest 
lingual; (10) mandibular cross arch width mid- alveolar buccal; (11) mandibular cross arch width mid- alveolar lingual; (12) mandibular 
basilar width (bi- gonion); and (13) mandibular basilar width (bi- antegonion). Horizontal bars indicate average change in width 
measured in millimeters from 7.5 years to 26.4 years.

Figure 1.24  Average transverse molar movements from ages 
seven to twenty six years.
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Q: How do transverse dental compensations develop?
A: Transverse dental compensations develop in the same 

way, and for the same reasons, that anteroposterior 
dental compensations develop. Teeth tend to erupt 
throughout life until sufficient occlusal, or soft tissue, 
load prevents further eruption. They erupt along their 
long axes, but their buccal- lingual direction is influ-
enced by the soft tissue envelop (tongue- cheeks- lips) in 
order to bring them into occlusion with teeth from the 
opposing jaw. In the presence of a hypoplastic maxilla, 
the tongue will tend to tip the maxillary incisors for-
ward, and the mandibular lip will tend to tip the man-
dibular incisors lingually (anteroposterior 
compensations). In that way, the incisors will be 
brought into occlusion. In a similar fashion, in the 
presence of a hypoplastic maxilla, the tongue will tend 
to tip the maxillary molars buccally, and the cheeks 
will tend to tip the mandibular molars lingually (trans-
verse compensations). In that way, the molars will 
erupt into occlusion.

Q: Is there any research to support the above concepts?
A: Yes. A recent study [67] found there is a large variation 

in transverse skeletal widths (and transverse dental 
compensations) in the absence of crossbites ranging 
from:

 ● small maxillary skeletal widths compared to large 
mandibular skeletal widths (Figure 1.26a), to

 ● comparable maxillary and mandibular skeletal 
widths (Figure 1.26b), to

 ● large maxillary skeletal widths compared to a small 
mandibular skeletal width (Figure 1.26c).

Q: How can differential maxillary and mandibular anter-
oposterior jaw growth affect transverse relationships?

A: Let’s begin with the jaws in a Class II relationship 
(mandibular anteroposterior deficiency or maxillary 
anteroposterior excess, Figure 1.27a). Further, assume 
that excess posterior overjet exists.

If the mandible begins to outgrow the maxilla 
(Figure 1.27b), then a wider part of the mandibular arch 

(a) (b)

Figure 1.25  (a–b) Transverse posterior dental compensations.

(a) (b) (c)

Figure 1.26  Variation in transverse skeletal widths in the absence of crossbites: (a) small maxillary skeletal width compared to a 
large mandibular skeletal width (maxillary buccal crown torque and mandibular lingual crown torque compensations), (b) comparable 
maxillary and mandibular skeletal widths (relatively upright molars), and (c) large maxillary skeletal width compared to a small 
mandibular skeletal width (maxillary lingual crown torque and mandibular buccal crown torque compensations).
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is growing into a narrower part of the maxillary arch. A 
more ideal transverse relationship can result 
(Figure  1.27c). If the mandible continues to outgrow 
the maxilla, then insufficient posterior overjet could 
even result as the molars become Class III (Figure 1.27d).

Q: What is the mechanism for abnormal craniofacial 
growth and development?

A: By and large, there is not one single causative mecha-
nism for abnormal development of the craniofacial 
complex. Developmental problems of the craniofacial 
skeleton are multifactorial, and abnormal skeletal 
relationships arise from aberrations in genetic and/or 
environmental influences. Aberrations produce 
altered growth intensity and/or altered temporal 

 coordination of one or more major growth elements. 
Aberrations, sufficient in magnitude and/or duration 
to disrupt the interrelationships of these elements, 
result in adaptive growth movements of the maxilla 
and mandible that may lead to abnormal changes in 
the spatial relationship of the jaws [42, 43]. Aberrations 
are normally intrinsic, but may also be induced. For 
example, certain early surgical interventions to 
improve abnormal dentoskeletal relationships in cleft 
palate patients can actually impede maxillary skeletal 
growth [75].

Q: What are the temporal relationships among the grow-
ing components of the facial skeleton during matura-
tion of facial size and shape?

(a) (b)

(c) (d)

Figure 1.27  Effect of differential anteroposterior jaw growth on the transverse jaw relationship: (a) if excess posterior overjet 
initially exists in a patient with a deficient mandible, then if the mandible outgrows the maxilla (b); (c) a more ideal posterior overjet 
can result; or (d) inadequate posterior overjet can result if the mandible continues growing forward.
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A: Maturation of facial size and shape occurs, by and 
large, along a superior- inferior (cephalo- caudal) tem-
poral gradient [42]. Measuring the change in the crani-
ofacial skeleton with growth and development, cranial 
structures mature first, followed by cranial base struc-
tures, then facial bones, and finally the mandible com-
pletes its maturation after the maxilla. Aberrations in 
the temporal sequence result in significant craniofa-
cial deformities. Some have characterized the gradient 
with distinct tiers (cranial, cranial base, facial), while 
others have argued for a continuous gradient with 
maturation of anatomic structures between tiers 
showing overlap  [53]. Adding to the complexity of 
facial growth, maturation of the mediolateral struc-
tures of the cranial base do not mature in the same 
“tier,” or at the same time, as those along the superior–
inferior gradient. Midline cranial base structures, pre-
sumably influenced by maturation of the 
spheno- occipital synchondrosis, appear to mature 
well in advance of structures in the lateral cranial 
floor. Lateral cranial floor structures mature in a simi-
lar timeframe to the mandible, suggesting a possible 
functional integration of the masticatory apparatus 
and the development of lateral cranial floor  [53]. 
Additionally, there are authors who believe in the 
growth of the craniofacial skeleton being integrated, 
whereby growth in time and dimension of the earlier 
maturing portions (cranium, cranial base) dictate 
some shape constraints to the later maturing portions 
(face)  [76]. An example being a retruded mandible 
with obtuse gonial angle, decreased corpus height, 
vertically oriented symphysis, and pronounced sig-
moid notch is associated with the cranial base varia-
tions seen in dolichocephalic subjects [42, 76]. Others 
believe there is little integration between maturation 
of the cranium- cranial base and the face [77].

Q: Given the complex orchestration of temporal and spa-
tial development of the craniofacial skeleton, varia-
tions in the pattern of the facial skeleton are the norm. 
Extreme variations in vertical growth and displacement 
of the facial skeleton are often referred to as “skeletal 
open- bite pattern” and “skeletal deep- bite pattern.” 
How would you describe the growth and displacement 
of the major units of the facial skeleton in these two 
extreme craniofacial patterns?

A: Skeletal open bites may result from:
 ● Decreased cranial base flexure leading to superior 

spatial positioning of the temporomandibular fos-
sae. However, this influence is not well understood 
and requires more study before it can be used relia-
bly in diagnosis.

 ● Excessive sutural lowering (vertical growth/descent) 
of the maxilla.

 ● Diminished vertical growth of the mandibular con-
dyles (posterior- superior condylar growth).

 ● Backward mandibular (apparent) rotation.
 ● Excessive vertical drift of the posterior dentoalveo-

lar complex (excessive posterior tooth eruption).
Skeletal deep bites may result from:

 ● Increased cranial base flexure leading to inferior 
spatial positioning of the temporomandibular fos-
sae. However, this influence is not well understood 
and requires more study before it can be used relia-
bly in diagnosis.

 ● Deficient sutural lowering (vertical growth/dis-
placement) of the maxilla.

 ● Excessive vertical growth of the mandibular 
condyles.

 ● Forward mandibular (true/internal) rotation.
 ● Deficient vertical drift of the posterior dentoalveolar 

complex.

Q: With respect to craniofacial development in the vertical 
dimension, discrepant skeletal relationships are char-
acterized using various cephalometric measures. Can 
you list, and describe, four of these measures?

A: Cephalometric measures describing vertical develop-
ment include:

 ● Ratio of posterior face height (linear measurement 
from Sella to Gonion) to anterior face height (linear 
measurement from Nasion to Menton) or PFH/
AFH, viewed in the sagittal plane. A reduced PFH/
AFH ratio is associated with greater divergence 
between the mandibular plane and cranial base, 
indicating a “skeletal open- bite” facial pattern. 
Conversely, a large PFH/AFH ratio tends to indicate 
a “skeletal deep- bite” facial pattern [78].

 ● Ratio of lower anterior face height to total anterior 
face height (linear measurement from Menton to 
ANS superimposed on the linear measurement of 
Menton to Nasion) or LAFH/TAFH. A reduced 
LAFH/TAFH ratio indicates a skeletal deep- bite 
facial pattern, and a large ratio is associated with 
greater facial divergence and a skeletal open- bite 
pattern.

 ● Angular measurement between the Sella- Nasion 
line and mandibular plane, or SN- MP angle. An 
elevated SN- MP angle indicates greater facial diver-
gence and skeletal open- bite facial pattern. 
A  reduced SN- MP angle indicates a skeletal deep 
bite facial pattern.

 ● The junction of the posterior surface of the ramus 
and the inferior mandibular border forms the gonial 
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angle. An average gonial angle measurement is 
~130°. A more obtuse gonial angle (>130°) is associ-
ated with vertical skeletal hyperdivergence.

Q: According to Schudy [79], how does vertical condylar 
growth relate to the sum of vertical maxillary descent, 
plus maxillary/mandibular molar eruption during nor-
mal, hyperdivergent, and hypodivergent facial 
development?

A: Schudy suggests:
 ● When vertical condylar growth matches the sum of 

maxillary descent and posterior dentoalveolar 
development – normal vertical development results.

 ● With diminished vertical condylar growth relative to 
the sum of maxillary descent and posterior dentoalve-
olar development – facial hyperdivergence, decreased 
PFH/AFH, increased LAFH/TAFH, increased SN- MP, 
and a skeletal open- bite pattern result.

 ● With excessive vertical condylar growth relative 
to  the sum of maxillary descent and posterior 
dentoalveolar development – facial hypodivergence, 
increased PFH/AFH, decreased LAFH/TAFH, 
decreased SN- MP, and a skeletal deep- bite pat-
tern result.

 ● It is noteworthy that extreme patterns of vertical 
skeletal growth develop early and, by and large, 
remain relatively stable throughout craniofa-
cial growth.

Q: In terms of craniofacial growth, how do discrepancies 
in anteroposterior skeletal relationships occur?

A: Discrepancies in anteroposterior skeletal relationships 
of the maxilla and mandible occur primarily as the 
result of three mechanisms acting individually or 
together. By and large, postnatal downward and for-
ward displacement of the mandible is influenced by the 
growth of the cranial base, the growth of investing soft 
tissues, and the growth of the oronasal capsule that is 
coordinated with nasomaxillary displacements [47, 80].

Displacement of the mandible during postnatal 
growth is closely associated with the growth of the pos-
terior cranial base and middle cranial fossa via the pos-
terior and inferior displacements of the glenoid 
fossae  [42, 47]. Individuals with more obtuse cranial 
base angles and/or larger anterior and posterior cranial 
base lengths display mandibular hypoplasia. 
Individuals with more acute cranial base angles and/or 
smaller anterior and posterior cranial base lengths dis-
play mandibular hyperplasia.

As noted by Shudy, the relative vertical displace-
ment of the nasomaxillary complex compared to the 
vertical displacement of the mandibular ramus and 

condyle also plays a role [79]. Vertical displacement of 
the nasomaxillary complex in excess of concurrent 
vertical displacement of the mandibular ramus can 
result in backward (clockwise) mandibular rotation 
resulting in reduced chin projection in profile and 
greater discrepancy in anteroposterior maxillo- 
mandibular relationship. Supporting this, a study of 
French- Canadian children followed longitudinally 
found that individuals showing increases in anter-
oposterior maxillo- mandibular skeletal discrepancies 
with growth also displayed increases in vertical skele-
tal discrepancies [81].

Additionally, lack of displacement of the mandible, 
secondary to deficient condylar growth response or 
deficient corpus growth response to the growth of 
investing soft tissues results in increased maxillo- 
mandibular anteroposterior discrepancy.

Q: In terms of craniofacial growth how do discrepancies 
in transverse skeletal relationships occur?

A: Transverse skeletal discrepancies mainly occur as a 
result of maxillary transverse skeletal deficiency, but 
the underlying mechanism is not clear. The degree of 
maxillary transverse enlargement has been shown to 
relate to craniofacial pattern when studied longitudi-
nally in untreated subjects  [82]. Hyperdivergent indi-
viduals were shown to have less maxillary transverse 
skeletal growth and smaller maxillary intermolar 
widths compared to hypodivergent individuals.

Muscle weakness and mouth breathing have a statis-
tical association with maxillary transverse deficiency, 
but the underlying mechanism for this association 
remains unknown [83–85].

Q: Do we know the exact mechanisms by which aberra-
tions in craniofacial growth processes create skeletal 
abnormalities?

A: No. The exact mechanisms by which aberrations in 
craniofacial growth processes create skeletal abnormal-
ities remains unknown. Environmental factors are 
thought to influence the interrelationship of these pro-
cesses, but this influence is not well understood.

As one example, structural and/or environmental 
conditions that restrict nasal breathing have long 
been associated with facial hyperdivergence (skeletal 
open bite). Enlarged adenoids being a conspicuous 
etiologic agent for restricted breathing, the term “ade-
noid facies” was widely used to describe the clinical 
picture of affected individuals. Extreme facial hyper-
divergence, narrow maxillary arch, and lip incompe-
tence are prominent clinical features. The theory 
of  environmental influence proposed for the 
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development of this skeletal pattern has been largely 
mechanistic: restricted nasal breathing demands 
mouth breathing, mouth breathing alters the tongue 
position, mandibular posture, and head posture. 
Altered postures lead to muscle imbalance, and mus-
cle imbalance influences craniofacial growth, leading 
to decreased vertical condylar growth, increased 
sutural growth of the upper face and increased poste-
rior dentoalveolar development with negative (elon-
gating) effects on vertical facial growth  [86–90]. 
Although much study has been applied to this theory, 
a direct cause- and- effect relationship remains 
equivocal [91].

More recently, a new theory has been proposed that 
suggests restricted nasal breathing may be related to 
abnormal nocturnal secretion of growth hormone 
(GH)  [92]. Children with obstructive sleep apnea 
(OSA) share similar craniofacial characteristics to 
those earlier characterized with “adenoid facies” and 
also show abnormal nocturnal GH secretion. GH is 
known to have a positive mediating effect on mandibu-
lar ramus height during growth  [93]. Further, recent 
information suggests that faulty GH receptors are a 
genetic marker for reduced ramus height during 
growth in certain populations [94–96]. Taken together, 
this information suggests that the mechanism by which 
restricted nasal breathing affects craniofacial form is 
due to a more complex sequence of genetic, epigenetic, 
or environmental events than envisioned previously. 
Our point is that, even using one example, the exact 
mechanisms by which aberrations in craniofacial 
growth processes create skeletal abnormalities remain 
unknown.

Q: Is there a direct relationship between craniofacial 
abnormalities and breathing problems in children?

A: There is not a direct cause and effect relationship 
between craniofacial form and breathing problems in 
children. There is an association between abnormali-
ties in craniofacial form that results in a narrowing of 
the pharyngeal segment of the airway and pediatric 
obstructive sleep apnea. However, current research 
suggests that the primary reason for OSA in children is 
hypertrophy of soft tissue (adenotonsillar hypertrophy) 
and/or reduced muscular tone of the pharyngeal air-
way. In children, a narrow pharyngeal airway predis-
poses those with adenotonsillar hypertrophy and/or 
reduced pharyngeal muscle tone to OSA. A summary 
of risk factors contributing to pediatric airway collapse 
is shown in Figure 1.28 [97].

Q: What is the orthodontist’s role in managing pedi-
atric OSA?

A: Because there is limited scientific information on the 
treatment of OSA in pediatric patients, the orthodon-
tist’s primary role in managing pediatric OSA is screen-
ing and appropriate referral. The orthodontist may 
participate in care as approved by the physician direct-
ing the patient’s treatment of OSA. Clearly defined 
treatment goals, focusing on the orthodontic and 
orthopedic changes, should be articulated to the physi-
cian, parents, and patient. Improvement of the OSA 
should not be conveyed as a certainty. There is cur-
rently no evidence- based information that orthodontic 
treatment provides resolution to OSA or improves 
obstructed breathing long- term. Outcomes related to 
improved breathing or OSA resolution by orthodontic 

Obstructed breathing
Intermittent hypoxia
Sleep fragmentation

Hypoventilation
↑ Respiratory effort

Breathing control
Pharyngeal muscle recruitment

Arousal threshold
Ventilatory control

Lung volume Anatomical factors
Adenoid/tonsil hypertrophy
Obstructed nasal airway

Large tongue
Hypoplastic jaws

Neck fat distribution

Gene trait susceptibility
Epigenetics
Environment

Modifiers

Diet
Exercise
Socioeconomic

Airway collapse

Consequences
Endocrine disorders
Metabolic disorders

Cardiovascular disease
Neurocognitive impairment

Figure 1.28  Diagram of the pathophysiology of pediatric obstructive sleep apnea and its potential consequences. (SouenG: Adapted 
from Katz [97]).
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treatment cannot be guaranteed. Therefore, success in 
OSA resolution should not be implied in communica-
tion of anticipated outcomes [98].

Q: What is the effect of rapid maxillary expansion (RME) 
on the airway in children?

A: A recent systematic review analyzed eight clinical 
studies measuring either dimensional or volume 
changes in the nasal cavity, nasopharynx, or the oro-
pharynx using 2- D or 3- D radiography, or changes in 
nasal resistance using acoustic rhinometry to rapid 
maxillary expansion using a variety of fixed rapid 
maxillary expanders. The authors found seven of the 
eight studies to be of poor methodological quality 
(low or critically low) and concluded that although 
increases in nasal cavity width and nasal cavity vol-
ume were reported, no conclusions can be drawn 
regarding measurable improvement in nasal breath-
ing. Data for dimensional changes in the nasopharynx 
or oropharynx in response to RME provided contro-
versial results. The authors concluded there is poten-
tial improvement in nasal cavity dimensions in 
response to RME, but evidence is not sufficient to use 
RME to improve nasal breathing in the absence of 
orthodontic indications [99].

Q: Can RME resolve obstructed breathing in children? 
What is the evidence?

A: At this time there is not sufficient evidence that RME 
can resolve obstructed breathing in children. RME has 
been shown to improve nasal cavity dimensions and 
decrease nasal resistance. Some reports show short- 
term improvement in the apnea- hypopnea index (AHI) 
for those diagnosed with OSA by polysomnography, 
others do not  [66]. A recent meta- analysis of these 
studies suggests that publication bias, small sample 
sizes, and inconsistent methodologies limit the gener-
alizability of their findings. Randomized controlled 
 trials with large sample sizes are needed [100]. Some 
reports combining RME and adenotonsillectomy sug-
gest favorable improvement of OSA in some 
patients [101].

Q: Is there a relationship between masticatory function 
and vertical facial dimensions?

A: Yes, variation in vertical facial dimensions is closely 
associated with masticatory performance. Studies 
have documented that an increase in the relative 
height of the anterior lower facial skeleton is predict-
ably associated with a decrease in bite force magni-
tude, smaller cross- sectional area of the masticatory 
adductors (i.e. masseter, medial pterygoid and tempo-

ralis), and reduced masticatory muscle activity. The 
precise influence of masticatory performance on facial 
form is not well understood, and there is debate 
regarding the causal nature of this relationship [102]. 
In a manner similar to habitual mouth breathing, 
reduced muscle function may alter the posture of the 
mandible and thus affect the pattern of mandibular 
rotation during development resulting in a long- face 
phenotype [103].

Q: What is meant by growth rotation of the jaws?
A: Viewed in the sagittal plane, the maxilla and mandible 

undergo patterns of rotation during facial growth and 
development. Björk [104, 105] identified three compo-
nents of mandibular rotation and remodeling (matrix, 
intramatrix and total rotation, Figure 1.29 illustrates an 
example) that has been more recently redefined [71].

 ● Apparent rotation (“matrix” rotation) is a measure 
of angular changes of the mandibular inferior 

4245 g♂

410 yr
610 yr

3
2

1 4

5
6

Figure 1.29  Overall superimposition of cephalometric tracings 
depicting two years of growth in a young male. Black dots 
indicate location of implant markers. Numbers 1, 2, and 
3 indicate maxillary implant markers. Numbers 4, 5, and 
6 indicate mandibular implant markers. Black lines bisecting dot 
pairs indicate the direction of implant marker displacement 
during growth. Note the equivalence in magnitude and direction 
of maxilla implant displacement indicating nominal true 
rotation. In contrast, the pattern of changes in magnitude and 
direction of the mandibular implants indicates true mandibular 
anterior rotation. The pattern of inferior mandibular border 
change suggests nominal apparent mandibular rotation due to 
angular remodeling. (SouenG: Reproduced from Björk [104], with 
permission from Taylor & Francis Ltd.)
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border relative to the anterior cranial base (usually 
measured as changes in SN- MP in degrees). It is the 
absolute change in mandibular plane angle dur-
ing growth.

 ● Angular remodeling (“intramatrix” rotation) is a 
measure of change (in degrees) of the mandibular 
plane relative to the mandibular reference line rep-
resenting the mandibular corpus (determined by 
mandibular structures stable during growth). It 
reflects remodeling along the mandibular lower bor-
der during growth.

 ● True rotation (“total” rotation, “internal” rotation) 
is a measure of change (in degrees) of the mandibu-
lar reference line (mandibular corpus) relative to 
cranial base reference line. True rotation (in 
degrees) is the sum of the change (in degrees) of 
apparent rotation and the change in angular remod-
eling (in degrees) during growth. (e.g. true rotation 
(deg)  =  Δ apparent rotation (deg) + Δ angular 
remodeling (deg)). Apparent rotation is often less 
than true rotation due to the angular remodeling 
that changes the shape of the mandibular inferior 
border and minimizes SN- MP change dur-
ing growth.

Q: How does growth rotation of the jaws influence the 
vertical dimension of the face?

A: Björk was the first to discover true growth rotation, 
defined as rotation of the maxillary or mandibular cor-
pus relative to the cranial base, measured from stable 
references (implanted bone markers) in the sagittal 
view  [105–107]. His studies demonstrated a relation-
ship between true mandibular growth rotation and 
condylar growth:

 ● Greater true forward mandibular growth rotation is 
associated with vertical condylar growth of larger 
magnitude directed more anteriorly.

 ● Greater backward mandibular growth rotation is 
associated with vertical condylar growth of smaller 
magnitude directed more posteriorly.

 ● True forward mandibular rotation during growth is 
also associated with decreases in the gonial 
angle  [108–111], decreases in mandibular plane 
angle  [112], and increases in posterior face 
height [106]. True forward rotation results in adap-
tive modeling of the mandible, including increased 
posterior ramus deposition, increased posterior 
lower border resorption, and increased anterior 
lower border deposition [113, 114].

 ● Extremes of true forward or backward mandibular 
rotation are associated with skeletal deep bite and 
skeletal open bite respectively [78].

Q: What is the occurrence of forward or backward growth 
rotation of the jaws?

A: Measurement of selected populations longitudinally 
have suggested that true mandibular growth rotation is, 
by and large, forward for most individuals  [115–117]. 
High- angle (increased SN- MP angle) subjects show 
less forward true rotation (degrees per year) and less 
condylar growth magnitude (mm per year) compared 
with low- angle (decreased SN- MP angle) subjects. In 
addition, these studies support the findings of 
Björk  [104–107], namely that apparent forward rota-
tion (decreasing SN- MP) during growth occurs even 
for hyperdivergent subjects. The take- home message is 
that the vast majority of individuals with hyperdiver-
gent skeletal patterns experience net forward jaw rota-
tion during growth.

Q: Is rotation of the jaws uniform during craniofa-
cial growth?

A: No. In a manner similar to the velocity of condylar 
growth, individuals show variation in amount, dura-
tion, and direction of growth rotation [110, 112, 115]. 
This means that some hyperdivergent individuals that 
experience a net forward rotation may experience 
backward rotation during some period of growth.

Q: Are there diagnostic indices that foretell an individual’s 
maxillary or mandibular future growth rotation?

A: No. Björk identified seven specific structural features 
that might develop as a result of remodeling during a 
particular type of growth rotation. His suggestions for 
predicting condylar rotation have, however, not been 
widely used by the specialty because (i) some of the 
indicators cannot be easily seen on the average cepha-
logram, (ii) the use of the indicators is very time- 
consuming for the clinician, and (iii) there has been 
no scientific validation of the suggested indicators 
because of difficulties encountered in study 
design  [118–120]. It has been suggested the Y- axis 
angle, the acute cephalometric angle formed at the 
intersection of the Frankfort Horizontal line and the 
Sella- Gnathion line can be used as a guide to a 
patient’s downward and forward mandibular transla-
tion during growth [121]. Numerous studies suggest 
the Y- axis covaries with vertical skeletal pattern, par-
ticularly SN- MP. However, the change in Y- axis with 
growth does not consistently differ between subjects 
with widely differing vertical skeletal pattern  [122–
125]. This suggests it can be used as a guide for the 
anticipated vector of downward and forward mandib-
ular translation, but, by and large, may not predict 
mandibular rotation.
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Q: Does growth rotation affect dentoalveolar development?
A: Yes. Greater mandibular forward tipping of incisors 

and molars, forward shift of the dental arch in relation 
to jaw base, and relatively greater mandibular molar 
than incisor eruption have been related to greater true 
forward rotation [106, 126].

Q: Does dentoalveolar development and tooth eruption 
cause, or only adapt to, skeletal problems in the vertical 
dimension?

A: Dentoalveolar development and tooth eruption adapt 
to skeletal problems in the vertical dimension. 
Issacson [127] was the first to report on dentoalveolar 
development in three groups of subjects— those with 
short anterior face height (hypodivergent), those with 
average anterior face height, and those with excessive 
anterior face height (hyperdivergent). Maxillary poste-
rior alveolar development was found to decrease with 
decreasing SN- MP angle, with a difference of 5.1 mm of 
dentoalveolar development between hypodivergent 
and hyperdivergent individuals. This finding has sub-
sequently been confirmed by others  [128, 129]. 
Björk [106] suggested dentoalveolar development was 
coupled to vertical facial growth, a suggestion later 
verified in a longitudinal female sample. In this study, 
eruption of mandibular teeth followed vertical growth 
displacement of the mandible. Also, mandibular molar 
eruption showed greater plasticity than vertical man-
dibular growth, indicating that molar eruption adapts 
to vertical mandibular growth displacement [130].

Q: What causes abnormalities in vertical dentoalveolar 
development?

A: Vertical dentoalveolar development abnormalities 
manifest as supra- eruption or infra- eruption of teeth. 
Since vertical dentoalveolar development/tooth 
 eruption are controlled by forces of eruption (exact 
mechanism unknown) and forces opposing eruption 
(e.g. functional/parafunctional occlusal loading), any 
disturbance of these forces may create abnormalities. 
Such disturbances may include:

 ● Diminished masticatory performance/diminished 
loading: this has been shown to be associated with 
increased posterior alveolar development, increased 
posterior tooth eruption, severe hyperdivergence, 
skeletal open bite, and may influence tooth eruption 
and jaw growth [102].

 ● Altered spatial relationship of the jaws: can result in 
teeth left unopposed and absence of forces opposing 
eruption. For example, in a large Class II discrep-
ancy patient (mandibular hypoplasia, large ANB 
angle), the mandibular incisors are unopposed by 

the maxillary incisors. The mandibular incisors can 
supra- erupt creating an exaggerated curve of Spee.

 ● Tongue interposition, digit sucking, and lip biting 
habits: can increase the duration/magnitude of 
forces opposing tooth eruption and result in anterior 
or posterior open bites.

 ● Ankylosis or tooth loss: results in elimination of 
forces opposing eruption and supra- eruption of 
teeth in the opposing arch.

Q: Is facial growth coordinated with statural growth?
A: Yes. By and large, the temporal sequence of maturation 

is synchronized throughout the body. General body 
(somatic) growth, measured by change in stature with 
time (growth velocity), is an indicator of velocity 
changes in craniofacial dimensions during growth [131, 
132]. This is in contrast to the neurocranium which is 
more closely coordinated with neural growth.

Q: Do facial and statural growth proceed with constant 
velocity during development?

A: No. A typical plot of statural growth velocity 
(Figure 1.30) shows that change is not uniform. One- 
half of adult stature is attained within the first two 
years of life during a rapid deceleration of growth 
velocity. After two years, a much slower deceleration of 
growth velocity occurs until the onset of puberty. The 
inflection point where deceleration of growth velocity 
changes to acceleration is the beginning of pubertal 
growth acceleration, often termed the “pubertal growth 
spurt.” This pubertal growth acceleration increases 
growth velocity to a maximum, termed the peak height 
velocity (PHV), followed by a rapid deceleration in 
growth velocity [131, 133].

Q: What is the duration of pubertal growth acceleration?
A: Approximately two to two and a half years between 

onset and PHV [131].

Q: Does pubertal growth acceleration occur at the same 
age for males and females?

A: No. On average, females reach PHV at age of 11.5–12 
years and males reach PHV at age of 14 years. Pubertal 
growth acceleration is slightly longer in males com-
pared to females [131, 133, 134].

Q: Is peak facial growth velocity coordinated with PHV?
A: Yes. On average, females reach peak facial growth 

velocity at 10.9–12.3 years and males reach peak facial 
growth velocity at 14.1–14.3 years, supporting the close 
association between change in stature and the growth 
of the face [87, 135–137].
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Q: How much growth occurs during pubertal growth 
acceleration?

A: On average, males add 20 cm in stature and females 
add 16 cm in stature. On average, the chin moves down-
ward and forward, away from the cranial base (meas-
ured Sella to Gnathion), 1.8–2.0 cm in males and 
1.1–1.2 cm in females [138].

Q: Are males and females similar in the downward and 
forward facial growth pattern during pubertal growth 
acceleration?

A: Possibly not. A recent longitudinal study of 111 
untreated French- Canadian females demonstrated 
that during the period of pubertal growth acceleration, 
beginning at approximately 11.5 years of age, measures 
of vertical skeletal change showed acceleration, but 
measures of horizontal skeletal change did not. 
Moreover, in this sample, measures of horizontal skel-
etal change decelerated during adolescence. For this 
sample, female pubertal growth acceleration did not 
provide anteroposterior improvement in chin 
projection [139].

Q: Is the pattern and rate of forward and downward 
growth during the pubertal growth acceleration the 
same as found prior to puberty?

A: No. Studies have shown that horizontal and vertical 
translation of the chin varies between prepubertal and 
pubertal growth periods [81, 140–144]. Growth- driven 
anterior movement of the chin has a greater velocity 
during childhood compared to the period of adoles-
cence. In contrast, growth- driven inferior movement of 
the chin has less velocity during childhood compared 
to the period of adolescence. These findings suggest 
a  tendency for face height to increase more than 
facial  depth during adolescence compared to 
childhood [144–146].

Q: Is there a measurable indicator of pubertal growth 
acceleration and PHV?

A: There is no one best indicator of pubertal growth accel-
eration and PHV. Maturation of hand- wrist and cervi-
cal spine bones have been studied as potential 
predictors of PHV, but give unreliable estimates of 
PHV timing and peak facial growth velocity [135, 147–
152]. Skeletal development of hand and wrist bones 
has been shown to be useful in estimating whether 
the  pubertal growth acceleration has already 
occurred [135], but the method of assessing a patient’s 
skeletal development by hand/wrist radiography 
against a radiographic atlas of normal hand- wrist skel-
etal development has low sensitivity in predicting 
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Figure 1.30  (a) Plot of change in stature with age. (b) Plot of change in growth velocity with age. (SouenG: Reproduced from Tanner 
et al. [133], with permission from BMJ Publishing Group Ltd.)
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whether the pubertal growth acceleration is impending 
or ongoing [131, 147]. That being said, measurement of 
growth acceleration itself, measured as change in stat-
ure with time, may be considered the least invasive and 
most reliable predictor of pubertal growth acceleration 
and PHV [135, 153].

Q: Can other periods of growth acceleration occur before 
puberty?

A: Yes. Statural growth acceleration has been reported to 
occur in the age range 6.5–8.5 years for some individu-
als (termed the mid- growth spurt) [154, 155]. Reports 
on the magnitude of change in statural growth velocity 
vary in characterization from “less deceleration” to 
mild acceleration, and of considerably lower magni-
tude, compared to pubertal growth acceleration [154–
157]. Mid- growth spurts in facial growth velocity have 
also been shown in some individuals [135, 141, 158].

Q: Does the timing of puberty have an effect on final statu-
ral height?

A: Possibly. A study of longitudinal records in various 
populations suggests early pubertal onset exerts a nega-
tive effect on overall height and a late pubertal onset 
exerts a positive effect on final height [159, 160].

Q: What is the relationship of menarche to PHV in girls?
A: The onset of menarche is highly correlated with PHV in 

girls, occurring nine and twelve months after PHV. With 
estimates of pubertal deceleration being ~ two years, the 
onset of menarche foretells approximately twelve to fif-
teen months of pubertal growth remaining [161, 162].

Q: Do all patients undergo an adolescent growth spurt?
A: No. For example, Figure  1.31 illustrates the statural 

height of a daughter of one of our colleagues, made 

over a thirteen- year period. She exhibited continual, 
linear, growth and not an adolescent growth spurt.

Q: Why is the presence (or absence) of an adolescent 
growth spurt important for timing orthopedic 
treatment?

A: Because most patients are compliant for only limited 
amount of time – so, it is important to utilize that com-
pliance during the time of most growth (i.e. the growth 
spurt).

Development of the Primary Dentition, Transitional 
Dentition, and Occlusion. Developmental Anomalies, 
Crowding, and Habits

Q: What is meant by tooth eruption? What is meant by 
tooth emergence?

A: Tooth eruption is a continuous process, commencing 
with the developing tooth translocating from its forma-
tive position in the jaw to a functional position in the 
oral cavity.

Tooth emergence is a point in time during tooth 
eruption when the enamel of the tooth crown pierces 
the gingiva and enters the oral cavity [163].

Q: What is the age range for emergence of all twenty pri-
mary teeth?

A: The age range for emergence of all twenty primary 
teeth begins, on average, with the emergence of the 
mandibular primary central incisors at six months and 
ends, on average, with the maxillary primary second 
molars at approximately thirty  months  [164]. The 
emergence estimates are shown in Table 1.6.

Q: What is the timing and sequence for the emergence 
and exfoliation of the primary teeth?

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00
0 2 4 6 8 10 12 14

Figure 1.31  A growth chart recording statural height 
measurements of a girl made from birth to age thirteen years. 
Note a continual, linear, pattern of growth and an absence of an 
adolescent growth spurt.
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A:

Table 1.6  The timing of eruption and exfoliation of the primary Dentitiona.

Eruption Exfoliation

Maxillary Mandibular Maxillary Mandibular

Central incisors 8–12 mo 6–10 mo 6–7 yr 6–7 yr

Lateral incisors 9–13 mo 10–16 mos 7–8 yr 7–8 yr

Canines 16–22 mo 17–23 mo 10–12 yr 9–12 yr

First molars 13–19 mo 14–18 mo 9–11 yr 9–11 yr

Second molars 25–33 mo 23–31 mo 10–12 yr 10–12 yr

a ADA 2012 Retrieved and adapted from https://www.mouthhealthy.org/en/az- topics/e/eruption- charts

Q: Is emergence of the first primary tooth predictive of the 
emergence of the first permanent tooth?

A: No. Two studies on Swedish children showed only a 
weak correlation (r = 0.2–0.4) between the timing of 
the emergence of primary teeth and the subsequent 
emergence of permanent teeth [165, 166].

Q: Is the timing of primary and permanent tooth eruption 
subject to secular trends?

A: Yes. Studies have suggested secular trends across differ-
ent ethnic and/or racial populations and within the 
same population over time  [167–171]. For example, 
tooth emergence is advanced in African- American chil-
dren compared to Chinese and Japanese children, and 
advanced in American Indian children compared to 
American Caucasian and African- American children. 
Studies on children in Finland, Germany, Japan, and 
China suggest tooth emergence is advanced in current 
populations compared to older population samples 
within the same countries. When comparing the median 
age of tooth emergence for each permanent tooth (except 
third molars) across samples from nine countries, the 
age of gingival emergence differed between a minimum 
of 0.5 years (maxillary second molars) and a maximum 
of 1.5 years (maxillary premolars) [171].

Q: What is primate space? What is primary tooth spacing? 
What is the importance of both?

A: Primate space is a diastema between primary lateral 
incisor and primary canine in the maxillary arch, and 
between primary canines and primary first molars in 
the mandibular arch. Studied across many populations, 
primate space is more prevalent in the maxillary arch 
compared to the mandibular arch. Mandibular primate 
space may contribute to early mesial shift of the man-
dibular permanent first molar during the transitional 
dentition [172, 173].

Primary tooth spacing (i.e. intra- arch spacing 
between primary teeth) includes primate spaces and 
spacing between the primary incisors. Primary tooth 
spacing is thought to compensate for the discrepancy 
between the sizes of deciduous and permanent teeth. 
Primary teeth that do not display interdental spacing 
may be predisposed to crowding in the transition 
from primary to permanent teeth  [172]. Studied 
across many populations, primary tooth spacing is 
more prevalent in males, more prevalent in the max-
illary arch, and has range of prevalence between 68 
and 98% depending on the population stud-
ied [174, 175].

Q: Is spacing in the primary dentition a useful indicator of 
the degree of permanent tooth crowding during 
development?

A: No. There is not a predictable relationship between pri-
mary tooth size, primary spacing, and permanent tooth 
crowding during development. Measurements of 
tooth- size arch length discrepancy (TSALD) can be 
performed with much greater accuracy in the mixed 
dentition [176].

Q: Is primary tooth mesiodistal dimension a useful predic-
tor of permanent tooth mesiodistal dimension?

A: No. The correlation between size of primary teeth 
and size of permanent successors is approximately 
r  =  0.5, meaning primary tooth size would be 
expected to predict permanent tooth successor in 25 
of 100 individuals [177–179].

Q: What are the vertical occlusal characteristics of the full 
primary dentition?

A: The full primary dentition has a flat to mild mandibu-
lar curve of Spee and maxillary compensating curve 
ranging in depth from 0 to 1 mm [180, 181].

 10.1002/9781119793625.ch1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/9781119793625.ch1 by Fraser D

art - W
iley , W

iley O
nline L

ibrary on [05/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Foundations48

Q: What are the features of a normal primary dentition?
A: The features of a normal primary dentition include [45]:

 ● Spacing of the maxillary and mandibular ante-
rior teeth.

 ● Upright vertical inclination of the maxillary and 
mandibular anterior teeth.

 ● Presence of primate spaces.
 ● Minimal overbite and overjet.
 ● Straight terminal plane occlusal relationship of the 

primary second molars.
 ● Class I canine relationship.

Q: How are the stages of permanent tooth eruption 
defined?

A: There are three major stages of permanent tooth 
 eruption. The pre- eruptive stage, during which small 
positional changes are seen in the developing tooth 
crown, the active eruption stage, commencing when 
crown formation is complete within the jaw and con-
cluding after the tooth is in function and the root for-
mation is complete; and the passive eruption stage, 
occurring mainly during postadolescent maturation of 
the jaws, characterized by apical migration of the den-
togingival attachment toward and beyond the cemen-
toenamel junction.

The active eruption stage, during which the develop-
ing tooth is translocated into the oral cavity, is further 
subdivided into four distinct stages: The intraosseous 
stage, including the developing tooth below the alveo-
lar crest and subsequent elimination of the alveolar 
crest to create an eruption pathway, the supra- osseous 
stage, with the simultaneous lengthening of the tooth 
root and the translocation of the developing tooth 
through the gingival margin; the supra- gingival stage, 
with the clinical crown emerging through gingival tis-
sue prior to antagonist tooth contact; and the functional 
stage, commencing with antagonist tooth contact and 
finishing with completion of root formation [182, 183].

Q: What is the rate of tooth eruption in the intraosseous 
and supra- osseous stages?

A: The rate of tooth eruption differs when comparing the 
intraosseous stage and the supra- osseous stage. 
Estimates for the rate of intraosseous tooth eruption 
range from 0.03 to 0.3 mm/month. Estimates for the 
rate of supra- osseous tooth eruption range from 0.75 to 
2.25 mm/month [184].

Q: At what point does a permanent tooth emerge into the 
oral cavity?

A: Permanent tooth emergence is closely associated with 
maturation of the permanent tooth root [153, 154]. In a 

study of 874  individuals, Grøn found 77–100% of 
 maxillary incisors, and mandibular teeth (incisor to sec-
ond molar) displayed tooth emergence when root 
length had reached between ½ and ¾ final root length. 
Some mandibular canines (16%) and mandibular sec-
ond molars (24%) tended to emerge later, when their 
roots were between ¾ and 100% of final root 
length [154]. A small percentage of mandibular incisors 
(3.5%) and first molars (6%) tended to emerge earlier, 
when their roots were between ¼ and ½ root length.

Q: Is tooth movement during eruption a continuous process?
A: No. There are periods of measurable movement and 

periods of little or no detectable movement. Nearly, all 
tooth eruption occurs between 8 pm and midnight, and 
often some intrusion occurs during the early morn-
ing [185, 186].

Q: How does permanent tooth root maturation help deter-
mine delayed tooth emergence?

A: If a tooth has developed more than ¾ root length and 
has not yet emerged, you should consider the tooth 
having delayed emergence [163, 187]. For canines and 
premolars, permanent tooth root maturation is closely 
associated with root resorption of the primary prede-
cessor. Loss of the primary predecessor is associated 
with eruption of the permanent successor that has at 
least ½ final root length. Therefore, loss of a primary 
predecessor prior to the permanent successor reaching 
½ final root length is considered premature exfoliation, 
and retention of a primary predecessor after the perma-
nent successor root is complete is considered delayed 
exfoliation [188]. The latter can predispose permanent 
teeth to delayed emergence.

Q: What can be used to assess root length development of 
permanent teeth?

A: Panoramic or periapical radiographs can be compared 
to diagrams depicting stages of tooth development as 
shown in Figure 1.32.

Q: What is the spatial relationship of the developing per-
manent teeth to their primary precursors?

A: The permanent incisors and canines develop lingually 
to the deciduous teeth and erupt toward the labial. 
Premolars develop between the roots of the deciduous 
molars and normally erupt in a vertical path [182].

Q: What is the sequence of emergence of the perma-
nent teeth?

A: Studies of large populations find the most frequently 
occurring (modal) sequence of permanent tooth 
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e mergence in the maxilla is first molar, central incisor, 
lateral incisor, first premolar, canine, second premolar, 
and second molar (displayed as 6- 1- 2- 4- [3- 5]- 7 using 
Palmer’s tooth numbering system [191], with canine [3] 
and second premolar [5] often emerging simultaneously 
or in reverse order). The modal sequence in the mandi-
ble is first molar, central incisor, lateral incisor, canine, 
first premolar, second premolar, and second molar (dis-
played in Palmer tooth numbers as 6- 1- 2- 3- 4- [5- 7], with 
second premolar [5] and second molar [7] often emerg-
ing simultaneously or in reverse order).

Other maxillary and mandibular eruption sequences 
include maintaining the initial emergence order first 
molar, central incisor, lateral incisor (6- 1- 2), but having 
other order combinations of canine, first premolar, sec-
ond premolar, and second molar. These make up 
approximately 35% of the emergence order variation 
seen [192, 193]. Some populations studied have shown 
only 25% of children share one common eruption 
sequence  [194, 195]. One study, following more than 
3200 untreated Flemish children longitudinally, found 
only 19% shared one common eruption sequence [196]. 
Approximately, 45% of these children displayed emer-
gence of mandibular second molars prior to mandibu-
lar second premolars.

At the University of Iowa, we have the benefit of a 
longitudinal growth study of subjects with normal 
occlusion. Figures  1.33–1.36 illustrate a time- lapse 
view of permanent tooth eruption from age five to 
 thirteen for one individual in the study.

Q: Looking at Figure 1.35, what is/was the modal sequence 
of eruption for the maxillary and mandibular teeth?

A: The sequence of maxillary tooth eruption is central 
incisor, first molar, lateral incisor, canine, first premo-
lar, second molar, second premolar (1- 6- 2- 3- 4- 7- 5). The 
right and left sides differ slightly in the timing of cen-
tral incisor and first molar emergence. The sequence of 
mandibular tooth eruption is central incisor, first 
molar, lateral incisor, canine, first premolar, second 
molar, second premolar (1- 6- 2- 3- 4- 7- 5). Again, the 
right and left sides differ slightly in the timing of cen-
tral incisor and first molar emergence.

Q: Looking at the position of the maxillary permanent lat-
eral incisor roots between ages eight and twelve years, 
what do you note?

A: At age eight years, the roots appear to be positioned 
toward the midline (mesial) due to the influence of the 
permanent canine crowns developing in proximity to 

R 1/2: Root length is ≥ crown height.
The walls of the root canal approximate a triangle.
The apex of the root canal ends in a funnel shape.

R 3/4: The walls of the root canal are parallel.
The apical end of the root canal is open with the
walls diverging at the apex.

RC: Root length is complete.
The walls of the root canal are parallel at the apex.

Figure 1.32  Description of root development stages: one- half root formation (R 1/2), three- fourths root formation (R 3/4), and 
complete root formation (R C). SouenG: Adapted from AlQahtani et al. [189] and Demirjian A, et al. [190].
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the lateral incisor roots. By age twelve years, the lateral 
incisor roots have uprighted toward the lateral (distal) 
as the permanent canines erupt and emerge through 
gingival tissue.

Q: Compare the mandibular primary first and second 
molars in Figure 1.33a and 1.34b. What do you note?

A: In Figure 1.33a, both mandibular primary first and sec-
ond molars lie on the occlusal plane. In Figure 1.34b, 
the mandibular primary first molars are below the 
occlusal plane (infraocclusion).

Q: How is infraocclusion classified?
A: Infraocclusion is mild if the tooth occlusal surface is 

less than 2 mm below that of the adjacent teeth, moder-
ate if the tooth occlusal surface is at the contact point 
of the adjacent tooth (teeth), and severe if the tooth 
occlusal surface is below the contact point of the adja-
cent tooth (teeth)  [197]. The infraocclusion noted in 
Figure 1.34b would be classified as mild.

Q: What percentage of six- year- old children have all four 
permanent first molars erupted?

A: All molars erupted (20–30%), no permanent first molar 
eruption (20–30%) [198].

Q: Are there gender differences in the timing of perma-
nent tooth eruption?

A: Yes. With the exception of third molars, permanent 
tooth eruption on average occurs five months earlier in 
females compared to males  [199]. Interestingly, the 
gender variation in permanent tooth eruption timing is 
small compared to the gender variation in skeletal 
development [200].

Q: Is the timing of first permanent molar emergence 
affected by body mass index (BMI)?

A: Yes. Overweight (BMI- for- age value between 85th and 
–95th percentile) or obese (BMI > 95th percentile) indi-
viduals show earlier emergence of permanent first 
molars by six to twelve months compared to individuals 
with lower BMI [198, 201]. The emergence of later devel-
oping permanent teeth is similarly accelerated [202].

Q: Is the timing of first permanent molar emergence 
affected by the congenital absence of other perma-
nent teeth?

A: No. Although there is an association between hypo-
dontia and delayed development of mandibular pre-
molars and permanent second molars, the timing of 
mandibular first permanent molar emergence is not 

affected by congenital absence of other permanent 
teeth [203].

Q: What is the timing of the sequence of emergence of the 
permanent teeth? At what age, on average, do perma-
nent teeth emerge through gingival tissue?

A: A graph depicting the age variation in the sequence of 
eruption of the permanent teeth is shown in Figure 1.37. 
The left and right tails of the curve for each tooth show 
the earliest and latest ages when emergence is 
expected  [182]. The peak of the curve for each tooth 
shows the average age of tooth emergence. Shown in 
this way, it is easy to visualize why variation in timing 
and sequence is not considered abnormal [193].

Q: What is meant by “straight terminal plane,” “distal 
step,” and “mesial step” of the primary second molars?

A: Straight (flush) terminal plane (Figure  1.38a), distal 
step (Figure 1.38b), and mesial step (Figure 1.38c) are 
interocclusal classifications defined by the relationship 
of lines drawn tangent to the distal surfaces of the max-
illary and mandibular primary second molars and 
intersect perpendicular to the occlusal plane. In a 
straight (flush) terminal plane relationship, these lines 
coincide. In a distal step relationship, the mandibular 
line intersects the occlusal plane distal (posterior) to 
the maxillary line. In a mesial step relationship, the 
mandibular line intersects the occlusal plane mesial 
(anterior) to the maxillary line [172, 204].

Q: What is an approximate distribution of interocclusal 
relationships (straight terminal plane, distal step, 
mesial step) of the primary second molars in the pri-
mary dentition?

A: Based on a number of studies, 76–84% straight termi-
nal plane, 10–14% distal step, 6–14% mesial step [172, 
204, 205].

Q: What changes occur in these primary second molar 
interocclusal relationships between the primary and 
mixed dentition stages? What changes occur between 
the mixed dentition and permanent dentition stages?

A: In a study of 170 untreated children followed for five 
years, 79% of straight terminal planes transitioned to 
Class I permanent molar relationships, while 21% tran-
sitioned to Class II permanent molar relationships 
(Figure 1.39). Distal steps transitioned equally into 50% 
Class I and 50% Class II permanent molar relation-
ships. Mesial steps transitioned to 87% Class I perma-
nent molar and 13% Class III permanent molar 
relationships [206].
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(a)

(b)

Figure 1.33  Longitudinal complete mouth series radiographs for subject F8 from the Iowa Facial Growth Study of developing normal 
occlusions. (a) Age five years, zero months. Complete primary dentition. Permanent central incisors just beginning root formation. 
Primary tooth roots not yet resorbing. (b) Age six years, six months. Emergence of mandibular permanent first molars and central 
incisors and maxillary right permanent central incisor. Primary lateral incisors all show resorbing roots. Mandibular permanent first 
molars have reached the occlusal plane. Maxillary permanent first molars are just emerging.
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(a)

(b)

Figure 1.34  Longitudinal complete mouth series radiographs for a subject F8 from the Iowa Facial Growth Study of developing 
normal occlusions (continued). (a) Age seven years, six months. Maxillary permanent central incisors have erupted with a 2 mm 
diastema. Maxillary permanent first molars have reached the occlusal plane. Maxillary permanent lateral incisors are approaching the 
occlusal plane. Primary first molars show signs of apical root resorption. Mandibular primary canines show root resorption from 
mandibular permanent lateral incisor eruption. (b) Age eight years, six months. Maxillary permanent lateral incisor roots appear 
mesially inclined in response to maxillary permanent canine eruption. Maxillary primary canines and first molars show significant 
apical root resorption. Mandibular permanent canines are emerging. Mandibular second molars are beginning root formation and 
rising toward the alveolar crest.
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(a)

(b)

Figure 1.35  Longitudinal complete mouth series radiographs for subject F8 from the Iowa Facial Growth Study (continued). (a) Age nine 
years, six months. Maxillary permanent canines appear to be advancing toward emergence ahead of maxillary first premolars (alternate 
eruption sequence). Mandibular first premolars are emerging. Apical root resorption of primary second molars is evident. The permanent 
second molars are resorbing the alveolar crest. (b) Age eleven years, zero months. Maxillary permanent canines have emerged ahead of 
maxillary first premolars. The maxillary central diastema is reduced. Root resorption of primary second molars continues. Mandibular 
permanent second molars have emerged ahead of mandibular second premolars and are nearing the occlusal plane.
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(a)

(b)

Figure 1.36  Longitudinal complete mouth series radiographs for subject F8 from the Iowa Facial Growth Study (continued). (a) Age 
twelve years, zero months. Maxillary permanent second molars have emerged ahead of maxillary second premolars and have reached 
the occlusal plane along with mandibular second premolars. Maxillary primary second molar exfoliation is imminent. (b) Age thirteen 
years, zero months. All permanent teeth, except third molars, have reached the occlusal plane.
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Transitions from straight terminal plane or distal 
step relationships to Class I permanent first molar rela-
tionships in the early mixed dentition are thought to 
occur by simultaneous closure of the mandibular pri-
mate space and mesial movement of the mandibular 
permanent first molars termed early mesial shift [173].

In a study of 80 untreated individuals followed longi-
tudinally from the early mixed dentition to the perma-
nent dentition, 94% of early mixed dentition Class I 

molar relationships were stable in transition to the per-
manent dentition, with 6% becoming Class III molar; 
60% of early mixed dentition Class II molar relation-
ships were stable in transition to the permanent denti-
tion, with 40% becoming Class I molar [207].

Transitions from Class II molar relationships in the 
early mixed dentition to Class I molar relationships in 
the permanent dentition are thought to occur by late 
mesial movement of the mandibular permanent first 
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Figure 1.37  Density curves displaying the variation in age of emergence of permanent teeth. Tooth emergence is defined as the 
point in time when the tooth crown emerges through gingival tissue. (SouenG: Adapted from Liversidge [182]).

(a) (b) (c)

Figure 1.38  Diagrammatic illustration of (a) straight terminal plane, (b) distal step, and (c) mesial step interocclusal relationships.
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molar into mandibular leeway space. This is termed 
late mesial shift [173]. The study by Barros et al. [207] 
suggests that in the absence of early mesial shift, per-
manent first molars maintained in mild Class II rela-
tionships during their emergence to a functional 
relationship can transition to Class I molar relation-
ships by late mesial shift (Figure 1.39).

Q: What is the Angle Classification of malocclusion? 
What is the Iowa Classification of malocclusion?

A: Edward H. Angle  [208] defined malocclusion as any 
deviation from normal intra- arch tooth alignment and 
normal inter- arch occlusal relationships. He classified 
malocclusion into distinct groups, I, II, and III, based 
on the mesiodistal occlusal relationship between the 
maxillary first permanent molar and the mandibular 
first permanent molar.

Angle Class I molar relationship (normal occlusion) 
is defined by the mesiobuccal cusp tip of the maxillary 
first permanent molar in mesiodistal alignment with 
the buccal groove of the mandibular first permanent 
molar, measured with the teeth in occlusion.

Angle Class II molar relationship (distal occlusion) 
occurs when the buccal groove of the mandibular first 
permanent molar is distal to the mesiobuccal cusp tip of 
the maxillary first permanent molar by greater than one- 
half cusp width, measured with the teeth in occlusion.

Angle Class III molar relationship (mesial occlusion) 
occurs when the buccal groove of the mandibular first 
permanent molar is mesial to the mesiobuccal cusp tip 
of the maxillary first permanent molar by greater than 

one- half cusp width, measured with the teeth in 
occlusion.

Angle Class II has two divisions: Division 1 (pro-
truded maxillary incisors) and Division 2 (retruded 
maxillary incisors). Angle Class II and Class III molar 
relationships that occur unilaterally are identified as 
subdivisions of the Angle Classification (e.g. Class II 
division 1 subdivision right for a unilateral Class II 
molar relationship on the patient’s right, Class III sub-
division left for a unilateral Class III molar relationship 
on the patient’s left).

The Angle Classification system suffers from several 
weaknesses.

 ● It constrains the diagnosis of inter- arch occlusal 
relationships into discreet categories, but the range 
of inter- arch occlusal relationships is a continuum.

 ● It does not describe the magnitude of the anter-
oposterior discrepancy in inter- arch occlusal 
relationships.

 ● It does not classify inter- arch canine occlusal 
relationships.

 ● It cannot classify malocclusions that are Class II on 
one side and Class III on the other.

The Iowa Classification system is a modification of 
the Angle Classification system [209]. It measures, in 
millimeters, the mesiodistal discrepancy of the Angle 
first molar relationships and the mesiodistal discrep-
ancy of the inter- arch canine occlusal relationships 
bilaterally with the teeth in occlusion. Noting the four 
measurements from right side to left side, the Angle 
molar relationship and canine relationship are 

(a) (b)

Figure 1.39  (a) A straight terminal plane in the mixed dentition can transition into either (b) a Class I (left), or a Class II (center, right) 
relationship in the permanent dentition.
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displayed in sequence. For example, II(5) II(5) II(2) I 
describes the patient having an Angle Class II molar 
relationship on the right by 5 mm, a Class II canine 
relationship on the right by 5 mm, a Class II canine 
relationship on the left by 2 mm, and an Angle Class I 
molar relationship on the left. This approach permits 
ready communication and visualization of the patient’s 
anteroposterior interocclusal relationships.

Q: What is the distribution of Angle Class I, Class II, and 
Class III molar relationships in the mixed dentition 
across different geographic locations?

A: In a systematic review of 53 studies involving 
>77,000 individuals worldwide, the global distribution 
of Angle molar relationship in the mixed dentition was 
shown to be significantly different by region (see 
Table 1.7) [210].

Q: What factors, other than the presence of a mesial step, 
distal step, or straight primary second molar terminal 
plane, determine the final permanent first molar anter-
oposterior relationship?

A: Maxillary anterior and vertical growth magnitude, 
mandibular anterior and vertical growth magnitude, 
molar eruption magnitude, mesiodistal widths of the 
permanent premolars and canines, and magnitude of 
tooth drift.

Q: What happens to the mandibular primary intercanine 
width during permanent incisor eruption? Why is this 
important?

A: As the permanent lateral incisors erupt, the primary 
canines can move laterally and the intercanine width 
increase (Figure 1.40) [211]. This is important because 
the primary canine lateral movement creates space for 
the erupting incisors.

Q: What happens to mandibular and maxillary arch length 
as permanent canines, first premolars, and second pre-
molars erupt?

A: There is a reduction in arch length [211].

Q: Why does this happen?
A: As the permanent canines, first premolars, and second 

premolars erupt, they drift mesially, reducing arch 
length (Figure 1.41, red solid arrows). In a reciprocal 
manner, the anterior teeth can drift distally (red dashed 
arrows). Both movements are likely caused by transep-
tal fiber contraction pulling the mesiodistal narrower 
permanent teeth together.

Q: How does this mesial drift affect orthodontic 
treatment?

A: It is important for orthodontists to anticipate this 
potential loss of arch length and understand that arch 
length is not gained but is lost during posterior occlusion 
transition from primary to permanent dentition. A deci-
sion must be made either: to allow the posterior teeth 
to drift forward unimpeded, thereby reducing arch 
length; to reduce the amount of forward drift of poste-
rior teeth by placing an LLHA or Nance button (space 
maintenance); to regain space that has already been 
lost (say, by premature exfoliation of mandibular pri-
mary canines); or to extract teeth (serial extraction) in 
cases of severe crowding.

Q: What is the most reliable indicator of severe mandibu-
lar anterior crowding?

A: Premature loss of primary canines – not lack of inter-
dental spacing. In crowded dental arches, the perma-
nent lateral incisors often erupt and resorb the mesial 
portion of the root of deciduous canines, causing their 
premature loss [212].

Q: A mandibular primary canine, primary first molar, or 
primary second molar is exfoliated or extracted. What 
is the effect on the arch? What treatment should be 
considered?

Table 1.7  Distribution (%) of mixed dentition molar 
interocclusal relationships by regiona.

Angle molar 
classification Americas Africa Asia Europe

Class I 70 90 72.8 64

Class II 27 7.5 21.4 32

Class III 3 2.5 5.8 4

a Adapted from Alhammadi et al. [210].

Figure 1.40  Intercanine width increase during permanent 
lateral incisor eruption.
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 ● Mandibular primary canine loss: Kau [213] reported 
that incisor angulation changes were similar for 
both primary canine extraction and nonextraction 
groups, but arch perimeter decreased more in the 
extraction group (attributed to mesial molar move-
ment). Sjögren [214] agreed (decrease in mandibu-
lar incisor irregularity, decrease in mandibular arch 
length) with over 2 mm less arch perimeter found in 
extraction patients one year after primary canine 
loss. Sayin [215] challenged these findings, report-
ing a slight retrusion of lower incisors but no signifi-
cant effect on arch length. However, he recorded 
one measurement immediately post- extraction, 
some measurements four months later, and other 
measurements eighteen  months later. Yoshihara 
et  al.  [216] reported distal tipping of the incisors. 
Conclusion: Studies are somewhat conflicting. 
However, if the possibility of mandibular arch perim-
eter loss, midline deviation due to incisal drift, or 
mandibular incisor retrusion will be detrimental to 
the patient, then place an LLHA if mandibular pri-
mary canines are lost.

 ● Mandibular primary first molar loss (Figure 1.42): 
Tunison et  al.  [217] reported a 1.5 mm (per side) 
perimeter reduction (not statistically significant). 
Lin and Cha  [ 218] reported a 0.68 mm total arch 
perimeter reduction (not statistically significant) 
following unilateral primary first molar extractions. 
They also reported a 1.2 mm space reduction (attrib-
uted to distal tipping of the primary canine) follow-
ing extraction of both the primary first and second 
molars. Cuoghi et  al.  [219] reported that space 
reduction was primarily due to distal movement of 
the canine following primary first molar loss. 
Kumari and Retnakumari [220] reported < 0.5 mm 

arch perimeter reduction (not statistically signifi-
cant.), due to distal movement of the primary 
canines, after unilateral primary first molar extrac-
tions. Finally, in a systematic review, Macena 
et  al.  [221] claimed no significant arch perimeter 
changes or arch length changes following primary 
first molar extractions. Conclusion: Based upon the 
above, we would conclude that a small, perhaps 
insignificant, perimeter reduction may occur follow-
ing mandibular primary first molar loss. However, if 
the patient cannot afford arch perimeter reduction, 
then an LLHA should be placed when mandibular 
primary first molars are lost. Spurs, wrapping 
around the primary canine distal, should be soldered 
to the LLHA to prevent drifting of the primary 
canine, prn.

 ● Mandibular primary second molar loss: first perma-
nent molars move mesially [221]. Conclusion: If loss 
of arch perimeter or risk of premolar impaction is a 
concern, place an LLHA.

A:

Figure 1.41  Mesial drift of permanent posterior teeth (red solid arrows) during eruption. Anterior teeth can drift distally (red dashed 
arrows).

Figure 1.42  Loss of mandibular right primary first molar.
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Q: Following tooth loss, the remaining teeth tend to drift 
into the edentulous space. Why?

A: Teeth drift toward the edentulous space probably as a 
result of transseptal fiber pull [222].

Q: A maxillary primary canine, primary first molar, or pri-
mary second molar is exfoliated or extracted. What is 
the effect on the arch? What treatment should be 
considered?

A:
 ● Maxillary primary canine loss: Sjögren [214] reported 

a significant reduction in maxillary arch length 
(~1 mm) and arch perimeter (~2 mm). Conclusion: 
arch perimeter is reduced with maxillary primary 
canine extractions. If the patient cannot afford arch 
perimeter reduction, then a Nance holding arch should 
be placed when maxillary primary canines are lost.

 ● Maxillary primary first molar loss: Tunison 
et  al.  [217] reported a 1 mm (per side) perimeter 
reduction (not clinically significant). Northway [223] 
and Lin et al [224] reported reductions in the extrac-
tion space (mesial movement of the second primary 
molar or distal movement of the primary canines) 
but no significant change in the first permanent 
molar position. Macena et al [220], Lin et al [224], 
and Park et al [225], reported no significant change 
in arch measurements. Conclusion: space mainte-
nance is probably unnecessary following maxillary 
primary first molar loss.

 ● Maxillary primary second molar loss – following an 
initial reduction in space, Macena et  al.  [221] 
reported that a large portion of it was later recovered 
from growth. However, their follow- up was only 
10  months, postextraction. Owen  [226] reported 
that maxillary second primary molar spaces show 
the greatest closure, followed by mandibular pri-
mary second molar spaces: the longer the time avail-
able for space closure, the greater the closure, 

particularly for primary second molar extractions 
before eruption of the first permanent molar. 
Conclusion: If the patient cannot afford to have max-
illary first permanent molar mesial drift, or cannot 
afford maxillary arch perimeter loss, then place a 
Nance holding arch when the maxillary primary sec-
ond molar is lost (Figure 1.43).

Q: Based upon the foregoing studies, what is the take- 
home message regarding the need for space mainte-
nance following loss of maxillary or mandibular 
primary canines or primary molars?

A: Our recommendation: If the patient cannot afford any 
permanent first molar mesial drift, or arch perimeter 
reduction, then place a space maintainer following pri-
mary canine or primary molar loss.

Q: What if, following loss of a primary canine or primary 
molar (Figure 1.44), drifting/space closure has already 
occurred. Should a space maintainer be placed then?

A: The same principle applies as earlier: If the patient can-
not afford additional tooth drift or additional reduction 

Figure 1.43  Premature loss of maxillary left primary second 
molar and subsequent placement of a Nance holding arch.

(a) (b)

Figure 1.44  (a) Significant drift/space closure following loss of primary maxillary and mandibular (b) canines.
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of arch perimeter, then consider placing a space 
 maintainer. However, in arches where excessive drift-
ing/space closure has already occurred, you must 
decide whether to maintain what space is left, to regain 
space that has been lost, or to consider serial extraction 
(in cases of severe crowding).

Q: How does one diagnose delayed tooth eruption?
A:  According to Suri et al. [163], the diagnosis of delayed 

tooth eruption is determined by following a diagnostic 
sequence in which the clinician assesses: (i) the chro-
nology of tooth eruption compared to chronologic 
norms; (ii) the presence or absence of factors adversely 
affecting or impeding tooth development; and (iii) the 
patient’s dental age, using 2/3 root formation as the 
biologic norm for emergence of a tooth.

Delayed chronologic tooth eruption is defined as delay 
by more than two standard deviations from the average 
eruption time for a given tooth. Delayed biologic erup-
tion occurs when a tooth has formed  2/3 of final root 
length, but the tooth has failed to emerge. Factors 
adversely affecting or impeding tooth development 
include numerous genetic syndromic disorders  [227], 
genetic tooth eruption disorders  [227], and non- 
syndromic hypodontia [203, 228, 229].

Q: What is ankylosis?
A: Ankylosis is a failure of the tooth eruption process due 

to fusion of cementum and/or dentin of the tooth root 
structure to the adjacent alveolar bone, resulting in 
loss of the periodontal ligament space in the area of 
fusion. This definition is based on histological findings 
of ankylosed teeth after their removal from the oral 
cavity. The mechanism creating the aberration of the 
periodontal ligament is not fully understood. Trauma 
is thought to be causative for any tooth that has 
emerged and thus available to receive direct trauma. 
However, ankylosis also occurs during the intraosse-
ous and/or supra- osseous stage of the tooth eruption 
process prior to tooth emergence by an unknown 
mechanism [230].

Clinically, ankylosis is suspected in a developing 
tooth if it fails to emerge or fails to complete normal 
vertical movement in the supra- gingival stage of tooth 
eruption. Tooth trauma may or may not be part of the 
clinical history. Partially or fully emerged teeth can be 
further evaluated by a percussion test to compare sound 
(sharp, solid tone) to percussion tests of adjacent teeth 
(softer tone)  [231]. A check for immobility can also 
reveal tooth ankylosis. However, the gold standard for 
determining tooth ankylosis is radiographic evidence 
that the suspect tooth has not erupted compared to 

erupting adjacent teeth (difference in alveolar bone 
heights).

Q: What are the signs of primary molar ankylosis during 
the development of the transitional dentition?

A: Infraocclusion of the primary molar is the principal 
diagnostic indication of primary molar ankylosis. With 
respect to primary molars that have emerged through 
gingival tissue, infraocclusion can occur during erup-
tion to the occlusal plane or after full eruption during 
continuing vertical alveolar development. Brearley 
classified infraocclusion by the magnitude of the verti-
cal discrepancy between the affected primary molar 
and the adjacent teeth as: Slight (approximately 1 mm 
of discrepancy), Moderate (2–5 mm of discrepancy), 
and Severe (primary molar occlusal surface at or below 
the level of the interproximal gingivae of the adjacent 
teeth) [232].

However, because primary molar crowns are often 
shorter that permanent molar crowns, one must be 
careful in diagnosing ankylosis based upon a clinical 
difference in crown height relationship. Instead, the 
gold standard for determining primary molar ankylosis 
is radiographic evidence that the suspect tooth has not 
erupted compared to erupting adjacent teeth (differ-
ence in alveolar bone heights).

Q: What is the prevalence of primary molar ankylosis?
A: Frequency of occurrence has been reported between 

24% and 38%. Males and females, right and left sides, 
primary first and second molars are affected equally. 
The incidence of moderate and severe infraocclusion 
increases from age eight to thirteen years. Mandibular 
primary molars are more commonly affected than 
maxillary primary molars, with some studies reporting 
fivefold greater mandibular frequency [232–237].

Q: What are treatment alternatives for primary molar 
ankylosis when permanent premolar successors are 
present?

A: Monitoring is favored over extraction. When a primary 
molar displays infraocclusion due to ankylosis and a 
premolar successor is present, the primary molar will 
likely exfoliate on time or within a six- month delay. 
Approximately 80% of primary molars displaying 
infraocclusion due to ankylosis undergo spontaneous 
exfoliation. Extraction should be pursued in cases of 
severe primary molar infraocclusion associated with 
adjacent tooth tipping and arch length loss, or when 
the premolar displays an unfavorable eruption path 
that will not promote complete root resorption of the 
precursor primary molar [237, 238].
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Q: Does primary molar ankylosis affect future vertical 
alveolar growth of the bone surrounding the infraoc-
cluded tooth?

A: No. Although a reduction in vertical growth of alveolar 
bone surrounding an infraoccluded tooth has been 
demonstrated (0.4 mm reduction over an eighteen- 
month period) [239], a majority of studies have shown 
no long- term effect on vertical growth of the alveolar 
bone surrounding an ankylosed primary molar, after 
extraction or spontaneously exfoliation [237].

Q: Is ankylosis of primary molars associated with other 
dental anomalies?

A: Yes. Associations have been observed between primary 
molar ankylosis and occurrence of tooth agenesis, 
microdontia of maxillary lateral incisors, palatally dis-
placed canines, and distal angulation of developing 
mandibular second premolars suggesting a common 
genetic mechanism [240].

Q: What is primary failure of eruption? How is primary 
failure of eruption distinguished from ankylosis?

A: Beginning in the inter- osseous stage of tooth develop-
ment, active tooth eruption requires bone resorption 
and gingival resorption above the dental follicle and 
root elongation at the apex of the dental follicle [241]. 
By an unknown mechanism, primary failure of erup-
tion (PFE) is thought to result from a disruption of 
these processes mediated by mutations in the gene cod-
ing for parathyroid hormone receptor 1 (PTH1R 
gene) [227].

The clinical features of PFE include the following:
 ● Teeth emerge partially (supracrestally) and then 

cease to erupt further.
 ● Teeth may also show arrested eruption during the 

interosseous stage of development.
 ● Permanent first molars are most often affected.
 ● Posterior teeth are predominately affected.
 ● Primary teeth can also be affected.
 ● Can present unilaterally or bilaterally.
 ● Teeth ankylose after application of orthodon-

tic force.
 ● A wide range of clinical variability thought to be the 

result of variation in the timing and intensity of the 
dysregulation.

Ankylosis is an eruption failure due to mechanical 
impedance to eruption by fusion of cementum and/or 
dentin of the tooth root structure to the adjacent alveolar 
bone, resulting in loss of the periodontal ligament space 
in the area of fusion. On the other hand, PFE is thought 
to be due to a defective eruption mechanism. Ankylosis 
can occur as a result of PFE when orthodontic force is 

applied to a tooth with a defective eruption mechanism, 
creating a fusion between cementum or dentin and alve-
olar bone [227, 242].

Q: What is the definition of hypodontia? Which teeth are 
most commonly missing in hypodontia?

A: Hypodontia is defined as the absence of one to five pri-
mary or permanent teeth excluding third molars [243]. 
It is a rare condition in the primary dentition with a 
prevalence <1.5% and no gender differences. Prevalence 
in the permanent dentition is 3.5–7%, with females 
more affected by a ratio of 3:2 [243].

Permanent teeth most commonly missing in approx-
imate order of prevalence (excluding third molars) are 
mandibular second premolars (3–4%), maxillary lateral 
incisors (1–2.5%), maxillary second premolars (1–2%), 
and mandibular central incisors (<1%). [244, 245]

Q: What is the cause of hypodontia?
A: Hypodontia is a developmental anomaly that occurs as 

the result of failures at one of three early stages of tooth 
development: (i) the initiation of tooth formation, (ii) a 
decrease in the odontogenic potential of the cells in the 
dental lamina, or (iii) arrested development due to lack 
of formation of successional dental lamina, the exten-
sion of the dental lamina of the predecessor tooth 
forming during the early cap stage of tooth develop-
ment [243]. Tooth agenesis occurs as an isolated event 
in otherwise “normal” individuals, but also has been 
associated with more than 150 syndromic conditions, 
particularly those involving defects in other ectoder-
mal organs (e.g. ectodermal dysplasia and Rieger syn-
drome). Morphogenesis and cell differentiation of 
tooth forming cells is under strict genetic control with 
genes WNT10A, MSX1, and PAX9 playing major roles 
in orchestrating the process of tooth formation. Nearly 
50% of instances of tooth agenesis have been attributed 
to WNT10A mutations [246, 247].

Q: Is hypodontia associated with other dental or craniofa-
cial anomalies?

A: Yes. Studies of tooth agenesis covariance with other 
dental anomalies have shown a strong association 
between the presence of tooth agenesis and the preva-
lence of maxillary lateral incisor microdontia, infra- 
eruption of deciduous molars, disto- angulation of 
erupting mandibular second premolars, and delayed 
tooth eruption [203, 213, 228, 229, 243, 248, 249].

In addition, congenital absence of mandibular 
 second premolars has been associated with shorter 
mandibular corpus length, smaller mandibular cross- 
sectional dimension including the region of the first 
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premolar and first molar, a more pronounced lingual 
alveolar plate and more distinct submandibular fossa 
beneath the mylohyoid line [250, 251].

Q: If second premolars are congenitally absent, can 
retained primary second molars teeth be preserved?

A: Yes. Longitudinal studies following retained primary 
second molars in subjects with hypodontia suggest that 
the preservation of primary second molars is a viable 
treatment alternative. Followed, on average, 11–12 
years, 58–86% of retained primary second molars with 
congenitally absent permanent successors remained 
healthy and stable [252, 253].

Q: What is hyperdontia?
A: Hyperdontia is the presence of supernumerary teeth. It 

is not as common as hypodontia, occurring with <1% 
prevalence in the primary dentition and between 0.5 
and 5.3% prevalence in the permanent dentition across 
various populations [254]. The most common supernu-
merary tooth is the mesiodens occurring in 0.15–1.9% 
of populations studied [255].

Similar to hypodontia, hyperdontia can occur in oth-
erwise normal individuals as an isolated developmen-
tal anomaly or as part of a syndrome where different 
affected tissues share common mutations in their gene 
regulatory networks. Although the underlying mecha-
nism remains unclear, it appears the genes RUNX2 and 
SOX2 play an important role [243].

Q: What is the prevalence of peg- shaped permanent max-
illary lateral incisors?

A: Prevalence varies by gender and geographic popula-
tions. A survey of epidemiologic studies from sixteen 
countries found an overall prevalence of 1.8%, ranging 
from 1.3% (Caucasian) to 3.1% (Mongoloid). Incidence 
of unilateral and bilateral absence was similar. Left side 
unilateral absence was twice as common as right side 
unilateral absence. Across all populations, females are 
1.35 times more likely to be affected compared to 
males [256].

Q: What is the prevalence of palatally displaced perma-
nent maxillary canines?

A: Palatal displacement with impaction, of one or both 
permanent maxillary canines (termed palatally dis-
placed canines, abbreviated PDCs) occurs in 2% of the 
general population. This is in contrast to the rate of 
occurrence of PDCs in subjects with other dental 
anomalies, where the incidence associated with, (i) 
small maxillary permanent lateral incisors is 25%, (ii) 
peg- shaped maxillary permanent lateral incisors is 

12–17%, and (iii) missing maxillary permanent lateral 
incisors is 5–14%, suggesting a nonrandom associa-
tion between PDCs and anomalous maxillary lateral 
incisors and the possible influence of genetic 
mechanisms.

Unilateral displacement is twice as common as bilat-
eral displacement. Occurrence is more common in 
females for both unilateral (1.65:1) and bilateral (4:1) 
displacements compared to males. Anomalous maxil-
lary lateral incisors are also more common in females 
(2.5:1). In addition, 85% of PDCs occur with adequate 
maxillary perimeter arch length, suggesting that maxil-
lary dental arch crowding alone is not a major contrib-
uting factor to PDCs [257].

Q: What is the cause of palatally displaced permanent 
maxillary canines?

A: Mechanical obstruction of an erupting tooth due to 
the presence of hard- tissue impediments (e.g. super-
numerary teeth) or soft- tissue lesions (e.g. dentigerous 
cysts) can cause a change in the path of eruption of 
any permanent tooth, including maxillary permanent 
canines. In the absence of mechanical obstruction, the 
underlying mechanism causing palatally displaced 
permanent maxillary canines remains unknown. Two 
working hypotheses to explain the mechanism are 
being pursued: (i) a direct genetic origin for the anom-
aly [258, 259] and (ii) a guidance mechanism theory, 
which postulates that local (neighboring) dental 
anomalies (diminutive or missing maxillary perma-
nent lateral incisors) create a local environment caus-
ing palatal displacement of the maxillary permanent 
canine [260].

Ultimately, the complex mechanism may involve 
both postulates. The genetics of PDCs are not simple. 
The etiology is likely complex with more than one 
pathogenic model involving variable contributions 
from genetic factors, environmental factors, and indi-
vidual responses to the interplay of these factors [261].

Q: What is the prevalence of ectopic (mesial) eruption of 
maxillary permanent first molars?

A: Studies of various populations of children have 
reported prevalence between 1 and 6%  [261–268]. 
Children with cleft lip and palate (CLP) have a fivefold 
greater prevalence rate compared to normal chil-
dren [42]. Siblings of children with CLP have a greater 
incidence (~20%) compared to the general population, 
suggesting a genetic influence [269].

Historically, this local eruption anomaly is character-
ized as reversible (self- correcting) or irreversible 
(requiring treatment). On average, 70% of ectopically 
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erupting maxillary first permanent molars are self- 
correcting and 30% require treatment [267, 268].

Q: How is tooth crowding defined?
A Crowding of teeth in the dental arch is commonly 

referred to as tooth- size / arch length discrepancy 
(TSALD) where “arch length,” a measurement of arch 
perimeter estimating the position of each tooth in ideal 
arch alignment, is compared to the sum of mesiodistal 
tooth sizes along that perimeter.

Q: What is the relative importance of tooth- size and arch 
perimeter in occurrence of tooth crowding?

A: A number of studies in various populations have 
shown tooth crowding has a stronger association to 
smaller dental arch dimensions rather than to larger 
mesiodistal tooth sizes [270–273].

Q: What is the etiology of tooth crowding?
A: Tooth crowding has a complex etiology. Tooth posi-

tion is the result of an equilibrium of many forces act-
ing on the tooth  [274, 275]. These forces include 
eruptive forces, occlusal forces, soft- tissue forces, and 
forces from neighbor teeth [276]. Because forces act-
ing on teeth change during growth, development, and 
aging, tooth position equilibrium is periodically 
altered. During these perturbations of tooth equilib-
rium, adaptive changes in tooth position occur and a 
new equilibrium is established. These adaptive 
changes often allow for maintenance of occlusal 
interdigitation between arches during changing skel-
etal relationships, the tenet of the dentoalveolar com-
pensatory mechanism [276]. However, adaptive tooth 
position changes to perturbed equilibrium often result 
in tooth malposition and ultimately anterior tooth 
crowding [277].

Q: What are the major factors that contribute to the dis-
ruption of tooth position equilibrium?

A: Three major factors are thought to contribute to the 
disruption of tooth position equilibrium and contrib-
ute to anterior tooth crowding [278]: (i) loss of poste-
rior arch space during the mixed dentition, (ii) the 
anterior component of occlusal force  [278, 279], and 
(iii) vertical drift of mandibular anterior teeth associ-
ated with clockwise mandibular displacement during 
growth  [280, 281]. The loss of posterior arch space 
must be considered in the transitional dentition. As 
discussed earlier, early loss of deciduous molars, or 
altered eruption sequence of the canine, premolar, and 
second molar teeth can contribute to loss of posterior 
arch length [277]. Vertical drift of mandibular anterior 

teeth in response to vertical mandibular displacement 
must be considered well into the third decade of life. 
The anterior component of occlusal force promotes 
forces directed mesially along the dental arch through-
out life [277].

Q: How is crowding assessed in the transitional dentition?
A: The most common method to assess crowding in the 

transitional dentition is the Mixed Dentition Analysis 
developed by Robert Moyers  [282]. The method uses 
direct measurement on study casts and large- sample 
regression estimates of permanent premolar and 
canine size based on permanent incisor size. The 
method has been validated in a variety of samples [283]. 
The method in each dental arch involves the following 
steps:

1) Direct perimeter measurement of the dental arch in 
four segments and summation to arrive at arch 
perimeter available (see Figure 1.45).

2) Direct measurement and summation of the mesio-
distal (M- D) width of each of four incisors.

3) Estimation of the sum of permanent premolar and 
canine M- D widths from the sum of the M- D width 
of the four incisors. The Tanaka- Johnston approach 
for this estimation uses 11 mm + (  [M- D incisor 
widths]/2) and 10.5 mm + (  [M- D incisor 
widths]/2) for maxillary and mandibular estima-
tions respectively [284].

4) Summation of 2) and 3) above to arrive at arch 
perimeter required.

5) Subtraction of 4) from 1) above to arrive at arch 
perimeter deficit or excess.

Q: How do habits affect the development of malocclusion?
A: Oral habits, including thumb and finger sucking, nail 

and lip biting, and lateral or anterior tongue posture 
that presses the tongue against teeth or interposes the 
tongue between the maxillary and mandibular teeth 
have an effect on tooth position equilibrium. The effect 
is not based on force magnitude. Maximum effect is 
seen when light forces are present for extended times. 
Lack of vertical eruption of teeth and open- bite maloc-
clusion is a primary response to oral habits (dental, or 
functional, open bite). Thumb and finger sucking has 
been associated with lingually directed movement of 
the posterior maxillary teeth. Posterior crossbite is seen 
in 7–15% of children in the primary dentition with 
thumb and finger sucking habits in various stud-
ies  [285]. Cessation of the habit early allows self- 
correction of the negative effects in the majority of 
cases [286].

 10.1002/9781119793625.ch1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/9781119793625.ch1 by Fraser D

art - W
iley , W

iley O
nline L

ibrary on [05/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Foundations64

“Mouth breathing” is often referred to as an oral 
habit. The relationship between mode of breathing and 
malocclusion remains controversial. Individuals with 
interferences in nasal breathing adopt an open mouth 
posture to allow simultaneous nasal and oral breath-
ing. A cause- and- effect relationship between mouth 
breathing and malocclusion has been proposed largely 
based on the altered mandibular posture creating 

altered muscular balance that induces adaptive skeletal 
and dental changes during growth.  [87, 287–294] 
Others do not support a direct cause- and- effect rela-
tionship, emphasizing that exposure to mouth breath-
ing during development is associated with a 
considerable variation in inter- arch relationships rang-
ing from normal relationships to severe discrepan-
cies [91, 294–297].
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