
24 Winter 2016 JAOS

Sleep Disordered Breathing
(SDB) has been found to be a
root cause for many child-
hood health and behavioral

conditions. This study consisting of
501 children ages from 2 to 19 years
of age assess SDB in children through
a parent questionnaire containing 27
items, which reflect various health
and behavioral issues in children.
This study found that 9 out of 10
children display at least one symp-
tom of SDB. Prevalent symptoms
include snoring, mouth breathing,
talking in sleep, difficulty listening,
teeth grinding, and bed-wetting. It is
important to address these health
issues early on in order to allow chil-
dren to thrive and enjoy a long
healthy life with a normal airway.

Review of Literature
Sleep Disordered Breathing (SDB)

is a condition that results from a
compromised airway causing irregu-

larities in the gas exchange, home-
ostasis, and restorative processes
occurring during sleep.1 SDB is asso-
ciated with an expansive range of
clinical symptoms, environmental
and genetic factors, and dentofacial
physical examination findings.2
Some of these common clinical
symptoms include mouth breathing,
snoring, teeth grinding, bed-wetting,
ADD/ADHD, and many more. Impli-
cations of improper breathing can be
detrimental if not addressed as
reduced oxygenation can negatively
impact a child’s ability to succeed in
school and day-to-day life.3

Two of the most frequent symp-
toms involving sleep disordered
breathing include daytime and
nighttime open-mouth breathing4

and habitual snoring.5
It is important that SDB breathing

symptoms are recognized and
addressed early on. The symptom of
mouth breathing is considered a very
critical symptom when evaluating a

child for Sleep Disordered Breathing
which was seen in an experiment
conducted on Rhesus monkeys by
obstructing the nasal cavity, thereby
producing mouth breathing which
resulted in a narrowing of dental
arches, decreased maxillary arch
length, tongue function, increased
anterior facial height, anterior cross-
bite, and maxillary overjet.6-8 Other
conditions resulting from mouth
breathing in children can be directly
related to enlarged tonsils resulting
in a tongue thrust. These enlarged
tonsils displace the tongue in the
mouth promoting a tongue thrust
and mouth breathing.9-10 Mouth
breathing can involve a combination
of frequent throat infections, abnor-
mal development of a malocclusion,
improper phonation, and changes in
sleep.11 Further complications can
occur and should be addressed in the
evaluation of the tonsils. A Tonsillec-
tomy and adenoidectomy are often
recommended at an early age if SDB
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is present, however, it is only 40-50%
successful over time. Therefore, nasal
training and palatal expansion are
necessary for success.12

Snoring is a symptom of Sleep
Disordered Breathing and it is an
easily observed condition.  The
frequency of snoring has been
reported to be 10%13-16 when evaluat-
ing children who exhibit the snoring
symptom whether periodic or habit-
ual. Other significant symptoms can
be found including hyperactivity,
daytime mouth breathing, sleep talk-
ing, profuse sweating, and allergic
symptoms.17-18 Other research has seen
children who are affected with aller-
gies and asthma are at a greater risk of
SDB with snoring and developing a
compromised airway.19 When observ-
ing the dental condition of snorers
with sleep disorder breathing the
following symptoms are seen such as
a higher incidence of class II molar
relations, lateral cross-bites, anterior
open bite, mandibular and maxillary
crowding, and more severe overjets.4-5

Addressing SDB in a holistic and
natural way is far more beneficial than
any alternative treatment needed to
address the same issues after they
manifest. It is empirical to evaluate
children within the first several years
following birth in order to maximize
the expansion of the airway.20 Other
dental conditions, such as high
palates and narrow arches are also
strong indicators of SDB in children.21
Therefore, in order to maximize the
health of all children, it is important
to acknowledge the prevalence of SDB
early on and identify which symp-
toms are more prevalent and require
immediate treatment.

Participants
This study includes 501 parent

answered questionnaires that ask a
parent to evaluate 27 different SDB
symptoms that their child may
display by answering yes or no.
(Table 1) The questionnaires were
distributed to six different states,
which included Texas, California,
Utah, Colorado, Illinois, and New
York. The participants consisted of
both males and females and no
exclusion was made to ethnicity, or
any pre-existing medical conditions.
This study includes children from

Table 1
Age Categorized

Total
4 &

younger 5-6 7-8 9-10 11-12 13 &
older

Total
Number of

Symptoms on
Questionnaire

0 1 3 16 14 10 8 52

1 1 8 13 13 10 6 51

2 2 10 10 18 3 3 46

3 2 4 18 11 7 5 47

4 3 8 19 12 4 4 50

5 0 8 11 15 10 2 46

6 4 6 9 11 8 2 40

7 4 4 6 9 5 3 31

8 3 7 8 5 7 0 30

9 2 4 7 2 4 3 22

10 1 9 2 5 2 0 19

11 2 1 6 4 4 0 17

12 1 2 4 0 6 0 13

13 3 0 3 1 2 1 10

14 0 2 8 1 0 0 11

15 0 1 2 0 2 0 5

16 0 2 1 3 1 0 7

17 0 1 1 0 0 0 2

18 0 1 0 0 0 0 1

20 0 0 0 1 0 0 1

Total 29 81 144 125 85 37 501

Fig. 1

THE TOTAL NUMBER OF SYMPTOMS PRESENT FOR EACH CHILD



ages 2 to 19 years of age. Among the
501 children in this study, 53.1%
were male and 46.9% were female.
These children were separated into 6
groups based on age, which
consisted of 4 years old and younger
(5.8%), 5 to 6 years old (16.2%), 7 to
8 years old (24.9%), 9 to 10 years old
(24.9%), 11 to 12 years old (16.9%)
and 13 years old and older (7.3%). 

DESIGN
The questionnaire22 (Fig. 1) was

distributed to every potential patient
using the oral appliance23 during a
nine-month period. This question-
naire was generally patterned after
the Pediatric Sleep Questionnaire.24
Fifteen of the symptoms used in the
redesigned questionnaire for the
dental profession were based on these
characteristics that exhibited the most
significant (p< 0.001) differences
when comparing them to snoring
categories17 as well as from others.25-26

RESULTS
This study found that 90% of

these children showed at least one
symptom of SDB. Some common
symptoms seen in these children
include mouth breathing while
sleeping (43.0%), snore at all
(36.0%), talks in sleep (33.3%),
teeth grinding (32.9%), and diffi-
culty listening and often interrupts
(32.5%). Among the 10 most
common symptoms (Fig. 1), 40%
are directly related to dentistry
(mouth breathing at night, mouth
breathing during the day, snoring,
and teeth grinding). Out of the 27
symptoms, 26 of the symptoms,
with exception to frequent throat
infections, were more prominent in
males than females. 

Fig. 2 shows snoring was present
in 58.6% of children in the 4 years
old and younger age group, but
then decreased to 18.9% in the 13
years and older age group.
However, mouth breathing was
present in 51.7% of children in the
4 years old and younger age group,
but only decreased to 35.1% in the
13 years old and older age group.
The symptom listed as having diffi-
culty listening and often interrupts
were present in 44.8% of children
in the 4 years old and younger age
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group and decreased to 35.1% in
the 13 years old and older age
group. Attention Deficit Disorder
increased from 3.4% in children 4
years old and younger to 16.2% in
children 13 years old and older. 

Out of all of the children that
mouth breathed at night, 47% of
those children also mouth breathed
during the day. An average number
of symptoms found in children that
both mouth breathed during the
day and at night were 8 symptoms.
These symptoms include snore at all
(53.4%), difficulty listening and
often interrupts (51.4%), talking in
sleep (47.5%), allergic symptoms
(46.5%), fidgets with hands or does
not sit quietly (45.5%), restless sleep
(39.6%), teeth grinding (39.6%),
and feels sleepy and/or irritable
during the day (39.6%). 

However, the average number of
symptoms found in children who
only mouth breath at night were 7
symptoms. The most common symp-
toms found in children who only
mouth breath at night (Fig. 4) were
snoring (45.7%), talks in sleep
(43.9%), difficulty listening and often
interrupts (41.5%), and allergic symp-
toms (37.8%). In Fig. 5, the average

number of symptoms of children
who snore were 6 symptoms. The
most common of these symptoms
include mouth breathing during
sleep (59.4%), talking during sleep
(43.3%), allergic symptoms (41.7%),
and teeth grinding (35.6%). The
frequency of children who displayed
hyperactivity and attention deficit
was 25.2% as seen in Fig.6. 

In that the dental profession
begins to regularly examine patients
at about 2 years of age, it is

extremely important for the dentist
to be aware of these various symp-
toms. Whether the symptoms are
directly related to dentistry or not,
they are essential to be able to assess
the severity of sleep problems. In
that 60% of children have 4 or more
sleep deprivation symptoms (Table
1), and if these symptoms have the
possibilities of being reduced or elim-
inated by removable appliances it
would seem logical for the dental
professional to be a primary source
for treatment. 
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"Among the 10 most
common symptoms,
40�are directly

related to dentistry
(mouth breathing at

night, mouth
breathing during
the day, snoring,

and teeth grinding).
Out of the 27

symptoms, 26 of the
symptoms, with
exception to

frequent throat
infections, were
more prominent in
males than females."

Fig. 5
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To correct or modify these sleep
symptoms, particularly before a
child enters school can be a life
saving procedure and one that can
greatly improve the child’s well-
being in school and their normal
social interaction with other chil-
dren. To alter even a single symp-
tom, such as prolonged bed-
wetting can dramatically change a
child’s life.  

The study has shown that 92.6%
of the 27 symptoms do not self
correct with increase in age. In fact,
30% actually increases in severity
from 4 to 12 years of age. By elimi-
nating nighttime (and daytime)
mouth breathing and snoring in a
child could probably improve a
child’s life significantly. For exam-
ple, if a child does not mouth
breathe (day or night) nor snore,
the mean number of symptoms
present in such children consists of
2 symptoms. In those that both
snore and mouth breathe the mean
number of symptoms present is 9
symptoms. It would seem, there-
fore, to successfully correct these
two symptoms would probably
have a great improvement in a
child’s sleep problem. Such appli-
ances commonly called the Habit
Corrector and Healthy Start Kids are
designed specifically to correct snor-
ing and mouth breathing.  

CONCLUSION
The results of this study suggest

that 9 out of 10 children have at
least one symptom of Sleep Disor-
dered Breathing. Previous research
found that SDB occurs in 1% to 3%
of children from the ages of 5 to 13
years of age, however, the findings
of this study provides evidence that
SDB is much more common and
effects children even as young as 2
years of age.18

The implications of this study
are essential in finding a way to
improve the health of children
today. Children begin to show
symptoms of sleep disordered
breathing as early as two years of
age. It is essential that treatment to
alleviate SDB in children begin as
early as possible to ensure perma-
nent dental changes in a growing
child and the correction and
promotion of proper oral habits in
order to provide a long healthy life
for these young children. This study
supports the American Academy of
Pediatric Dentistry’s (AAPD) push to
have all children find a dental
home by the age of one.27 The find-
ings of this study suggest that males
are more susceptible to SDB and
generally display more symptoms
due to greater body mass.28 This
study provides evidence that mouth
breathing maybe a more prominent
indicator of SDB than that of snor-

ing because it continues to be
prominent throughout childhood
unlike snoring where a large
decrease is seen as children get
older as seen in Fig. 8.

As a result of this investigation the
following conclusions can be made:

� Mouth breathing and snoring
are commonly associated with
more SDB symptoms than the
other symptoms studied.

� The four most commonly
occurring symptoms are:
Mouth breathing at night,
snoring, talks in sleep, and
teeth grinding. 

� 90% of the sample had one or
more symptoms commonly
associated with SDB.

� 60% of the sample had four or
more symptoms.

� Between 4 and 12 years of
age, 92.6 % of symptoms did
not self correct while 30%
worsened with age.

� The dentist is well positioned
to be able to utilize appliances
that can modify the most
common symptoms.

Editor’s Note:
Click here for references.

Fig. 8
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for Young Children

SLEEP DISORDERED BREATHING

QUESTIONNAIRES
for Young Children

SLEEP DISORDERED BREATHING

By Earl O. Bergersen, DDS, MSD

QUESTIONNAIRES

Sleep Disordered Breathing
(SDB) has been researched for
many years for the adult,
however, interest in sleep prob-

lems for children is a more recent
occurrence. Various questionnaires
have been used for adults to deter-
mine the likelihood of sleep issues.
These adult questionnaires such as
the Epworth Sleepiness Scale1, the
STOP-Bang Score2, the Multiple Sleep
Latency Test3, the Stanford Sleepiness
Scale4, and the Snoring Severity
Scale5 were specifically designed to
analyze the symptoms typical for
adults suspected of having SDB.

Symptoms that are observed in chil-
dren however, are different from
those of the adult and as a result, the
adult scales are not appropriate for
the analysis of a child.6

The dental professional usually
begins seeing young patients at
around 2 to 4 years of age and
traditionally they recall them back
into the office every six months on
a regular basis. This is in direct
contrast to the medical professional,
where a patient is usually only seen
when a problem arises but not as a
routine. The dental professional, as
a result, is well positioned to recog-

nize patients with SDB at a very
young pre-school age. An easy to
use questionnaire(s) for the parents
of every child would be extremely
beneficial to patients that are
suspected to be suffering from sleep
issues. Treating young patients
before they start school would
provide them with a great advan-
tage. Treatment however, at any
given age up to 12 years could be of
great advantage to any patient.  

A few questionnaires are avail-
able for children such as the Pedi-
atric Sleep Questionnaire7, the Pedi-
atric Quality of Life Inventory8, and
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the Cleveland
Adolescent Sleepi-
ness Questionnaire9,
however, a question-
naire that could be
more specific for
dental use would be
an advantage in
diagnosing children
suspected of having
sleep deprivation.
The dental profes-
sion has appliances
that are capable of
preventing the
mandible and
tongue from being
posteriorly displaced
while sleeping, and
these same appli-
ances can also
advance the lower
jaw and tongue and
as well as to increase
mandibular growth
in cases with a
retrognathic lower
jaw. Thus it follows
that these appli-
ances can be used
for a greater advan-
tage in treating
sleep problems.10
These various appli-
ances can also,
correct open-bites,
swallowing abnor-
malities, maxillary
palatal narrowing,
mouth breathing,
advance the maxil-
lary dentition and
pre-maxilla, increase
nasal breathing
with, improved
palatal tongue posi-
tion, snoring,
thumb and finger sucking. 

All of these problems above that
can be corrected by the dental
professional are typically associated
with SDB as well as being intercon-
nected with many other symptoms.
These problems, when treated at
early ages are easily corrected and
are usually more stable than those
attempted to be treated at other
ages such as at 12 years or older. As
a result, these corrections by the
dental professional11,12 may be able

to permanently improve a young
child’s well-being.  

The SDB Questionnaire for Chil-
dren is patterned after the various
child questionnaires that are
commonly used at present.  It is
specifically designed to be more
applicable for the dental profes-
sional.  This Parent Questionnaire
for children consists of 15 symp-
toms obtained from Sahin et al’s
research13 from a sample size of
1164 children. These 15 items had
statistical confidence levels of

P=0.001. Four items were obtained
from research by Urschitz et al14
while one item was used from
Attanasio and Bailey15 (dark circles
under the eyes, that is reported to
be linked to a reduction in nasal
breathing). Symptoms #6 and #7 in
the questionnaire are based on data
from the American Thoracic Society
Standards.16 The section of abnor-
mal speech symptoms that are asso-
ciated with SDB are based on
research by Barr et al.17 A question-
naire to determine the presence of
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ADHD in a child is drawn from
standards of diagnosis of those chil-
dren suspected of having ADHD
from the American Psychiatric Asso-
ciation18 and is a separate addition
to the basic questionnaire.  

A third questionnaire (Question-
naire #3) is for the dental profes-
sional. This questionnaire consists
of 12 items filled out during the
general patient exam and 9 items
that are present from a cephalomet-
ric evaluation involving measures
of the antero-posterior position of

the mandible in relation to the
pharynx and the width of the phar-
ynx as well as the size of the
adenoid tissue. 

These three questionnaires cover
a diagnosis applicable for the dental
professional in order to consider
treatment of these symptoms.  The
Pediatric Sleep Questionnaire1 was
analyzed by Chervin et al (2007)9 in
order to see if this questionnaire
could predict the presence of
obstructive sleep apnea (OSA).  It
was found to accurately predict OSA

about 74% of the
time in children as
verified by
polysomnography.
OSA has an inci-
dence of only 1.6%
in children20

however, there are
many other symp-
toms that have a
significant impact
on a child’s future
life without the pres-
ence of apnea.

If one examines
common symptoms
of children at vari-
ous ages having
suspected ADHD,
one is impressed by
the increase in seri-
ous consequences as
the affected child
matures.  One is also

impressed by the great similarity
between the symptoms of ADHD
and sleep problems in children.
Tables 4-8 show the advancing and
increasing detrimental effects as the
child matures.21 Of significance is
the general behavioral problems
(Tables #4 and #5), however, when
the affected child begins school, the
difficulties become considerably
more serious (Table #6).  Such
symptoms as poor school perfor-
mance, 50% failing at least one

grade, being antisocial,
50% developing drug
and alcohol problems,
having fewer friends,
and often being in
trouble are all quite
common. Once the
child starts high
school (Table #7) the
problems become even
more serious since
80% of hyperactive
children retain these
symptoms even into
the teen years.  Those
with 2 symptoms or
more are considered to
be at high risk.  Fifty
percent have drug and
alcohol addiction and
are often in trouble
with the law.19

These tables
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strongly indicate the need for early
recognition of these symptoms in
the pre-school child, or at least
before the child enters high school.
In that these various symptoms are
so similar to those of sleep-disor-
dered breathing, it makes it impera-
tive for the dental practitioner to
recognize and treat these problems
as early as possible.  

A perfect example is of an 8 year
old boy that had a sleep and speech
questionnaire which indicated 17
problems (Table #9). The same
child’s questionnaire at 13 years of
age is shown in Table #10 after
wearing an appliance this patient
was voted as the most popular and
the most athletic student in his 6th
grade. When the mother filled out
the questionnaire for ADHD, the
result was predictable (Table #11).
He would not sit still even for 30
seconds and had severe attention
deficit. He breathed through his
mouth while sleeping and snored
every night. When an appliance
(Nite-Guide®) was given to him that
prevents the distalization of the
mandible and tongue while sleep-

ing, several of his telltale symptoms
immediately stopped (constant
movement in bed, sitting up and
talking, sleep walking). In addition
the patient had more energy upon
waking. School performance also
began to improve. Taking the same
ADHD test at 13 years (Table #12)
shows the improvement. This case
illustrates the changes that the
dental professional is able to make
in order to redirect a young person’s
life.  Eighty percent of early ADHD
patients maintain the problem into
their teen years, as stated above.21

This patient makes a point of
wearing his preformed mandibular
advancement appliance to prevent
the mandible from posteriorly
displacing while sleeping before a
scheduled sports competition. He
experienced increased energy and
performance as a result. This is
probably due to the increased
oxygen restoration while sleeping.
Often ADHD patients are found to
be clumsy and uncoordinated, so
this is a dramatic change for this
patient. He was captain of his
hockey team and had the highest

number of goals as a 13 year old.
He also ran the half mile and was
ranked #3 over approximately
38000 6th grade students.

This case illustrates the impor-
tance of intercepting such a case at
a young age to change a child’s
coarse of development without
medication to calm the hyperactiv-
ity which can dull a child’s person-
ality without curing the cause of
such a problem.  

The introduction of the dental
professional into the diagnosis and
treatment of sleep problems in chil-
dren is a great advantage for a
couple of reasons. The first of these
is that with the early monitoring of
patients on a regular basis, starting
at 2 to 4 years of age, allows the
dental office the ability to intercept
sleep issues at a very early age. The
second is that the child can be
corrected prior to their entering
school where more complicated
issues exist. 

Editor’s Note: CLICK HERE
to view references.
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This article is a review of
research findings regarding
the many behavior prob-
lems associated with disor-

dered breathing in addition to their
significance when compared to
symptom free controls. Also
discussed are those cephalometric
and dental measures that can be
helpful in assessing whether a child
has a serious problem. Since severe
breathing problems can reduce the

oxygenation of the blood that can
severely affect the child’s perfor-
mance in school, and, if not recog-
nized, can be a lifelong struggle for
the patient.  The various cephalo-
metric and dental measures that are
most meaningful in a diagnosis are
discussed. One case is presented to
illustrate possible changes in behav-
ior and another case that converted
from a mouth-breather to a nasal
breather both wearing a preformed
early treatment appliance (Nite-

Guide® and Occlus-o-Guide®).
Sleep-disordered breathing (SDB)

can be present in 1% to 3% of chil-
dren1 5 to 13.9 years of age and
occurs in three different severities.2

� Primary snoring (PS) – no
reduction in oxygen blood
levels, no CO2  increase and
no frequent wakening.

� Upper airway resistance
syndrome (ARS) - snoring
with difficult breathing with
no reduction in oxygenation
and no CO2 increase.

� Obstructive sleep apnea, (a
pause in breathing) – hypop-
nea (abnormally low breath-
ing) syndrome (SAHS) – and
apnea with oxygen desatura-
tion, CO2 increase, and
frequent wakening.

These apneic events (which for
children is a cessation of breathing
for 2 breaths or about 5 seconds at
least once per hour) are habitual in
1.6% and occasionally in 3.4% for a
total of 5% in children 2.8 years of
age.3 Eighteen percent of children
(mean age 9.7 ± 4.4) had some
apnea and the apnea index (# of
incidences/hour) was 0.1 ± 0.5.4
Habitual snorers represent 3.5%.5
Although these percentages are low,
those that suffer can have serious
future consequences.  The
orthodontist could easily contribute
in a significant way provided he or
she is familiar with the various
meaningful symptoms commonly
associated with breathing problems
outlined in Table 1.5,6
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Table 2 presents the four most
frequent symptoms involving sleep-
disordered breathing (SBD).  The
most frequent is swollen adenoids
with enlarged tonsils7 close behind.
An accurate estimate of their size
can be made with an MRI,8 however
a simple oral examination can indi-
cate if the tonsils are swollen and
adenoid size can be seen on a lateral
cephalometric radiograph. If
enlargement is suspected, the
patient can be referred to a special-
ist. Swollen tonsils can slightly
displace towards the pharynx when
the patient lies down and can cause
pharyngeal obstruction in a supine
position when they seem more
normal when the patient is
vertical.9 Adenoids and tonsils are
at their peak size between 3 and 6
years of age10 and an adenotonsilec-
tomy is often all that is needed to
solve a serious breathing problem in
a young child.  

Two other important diagnostic
symptoms in Table 2 are daytime
and nighttime open-mouth breath-
ing,11 and habitual snoring.12 The
presence of these two characteristics
should be a strong indication for a
parent questionaire13 and if apnea is
suspected, a home night study and
a lateral cephalometric radiograph
would be recommended. A home
night study is a reliable diagnostic
aid to determine the presence of
sleep apnea, hypopnea, and oxygen
desaturation.14 Any indication for
sleep apnea should be referred for
an overnight study called a
polysomnograph.  

Many of the behavior problems
in Table 1 do not improve with an
increase in age,15 however, there
are three behavioral problems that
seem to be very important, namely
inattention or attention deficit,
hyperactivity and daytime sleepi-
ness.13 When these symptoms are
present, a correct diagnosis becomes
more assured. Two studies were
used to prepare Table 1.5,6 While
other studies confirm such symp-
toms.15-23 Helpful guidelines have
been established as to a recom-
mended protocol in children that
can be helpful in a diagnosis.24

A rather typical example of a
patient who had several of the

symptoms listed in Table 1, was an
habitual-snoring male patient, 6½
years old, in the second grade, with
symptoms such as hyperactivity,
attention deficit, mild aggressive-
ness to peers, limited school
success, periodic bed wetting, sleep
walking, and excessive movement
during sleep, often sitting up in bed
without waking. The patient was
immediately given an Eruption
Guidance Appliance® called Nite-

Guide®*. This appliance serves as a
template to properly guide the
permanent upper and lower incisors
into the mouth. As these teeth
erupt without rotations, and with-
out displacement, they force the
arch (upper and lower) to enlarge to
properly accommodate the larger
permanent incisors. Once the lower
central incisors were completely
erupted, an Occlus-o-Guide® was
inserted, which allowed further arch
enlargement to occur. The patient’s
upper arch increased a total of 6
mm. while the lower increased 4
mm. At the same time, the posterior
maxillary segment enlarges by 3.5
mm. at the level of the first perma-
nent molars. The maxillary left
central erupted lingually and was
about 1 mm. crowded (Fig. 1).  This
enlargement occurs gradually as the
maxillary and mandibular incisors
erupt, and usually takes 2 years to
obtain the full arch expansion.25-27
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It might be a logical assumption
that the nasal cavity would also
enlarge in response to the upper
arch increase of 6 mm. and increase
air intake volume at the same time.  

The patient stopped snoring and
only breathed through the nose
while the appliance was in his
mouth. Initially the patient did not
have any appreciable overjet or
overbite, had a normal total and
lower face height as well as a
normal mandibular plane angle. He
was not a daytime mouth breather
and did not have enlarged tonsils
or adenoids.

Fig. 2 shows the patient’s progress
report in his school achievement
after wearing these appliances for 6
months prior to the beginning of
this report.  This report compares the
patient’s status with other children
in his grade level as well as to the
national average. At the start of the
second grade, he was issued his Nite-
Guide® appliance and wore it every
night while sleeping. The first
student’s RIT score for mathematics
(Fig 2) indicated that his achieve-
ment level was at the 6th percentile
which indicated that 94% of the
other children were better achievers
than he was.  By the time he was at

the end of the 4th grade (2 years
later) his achievement was at the
57th percentile for a gain of 950%.
The lower scale (Fig. 2) of the chart
is for reading and also shows
improvement but not as dramatic as
the mathematics score.

One might reason that this
improvement might be due to his
increase in maturity.  The patient’s
skeletal maturity has been followed
with the use of hand-film radio-
graphs for this same 2 year period.
His skeletal age was estimated using
the Greulich and Pyle atlas (1959),28

and indicated that he has been
maturing along a constant path,
being 3 months ahead of the mean
for the past 2 years. Regarding his
changes in behavior and other
symptoms, he immediately stopped
snoring when the initial appliance
*as manufactured by Ortho-Tain,
Inc. was inserted and breathed
through the nose when the appli-
ance was in place. Gradually he
stopped his excessive movement
while sleeping, bed wetting, and
sleep walking. His hyperactivity,
attention deficit and aggressiveness
to peers also gradually subsided and
is not present at the end of the 4th
grade. According to research,15,20

these symptoms do not usually
improve with age, but usually
increase in severity.

This patient’s report cards for the
4th grade reported 85% of 40 indi-
vidual grades were “A’s”, while 15%
were “B’s” for a grade point average
of 3.84 and had no grade lower
than a “B”. Also of importance is
the increase in upper arch size and
its possible effect on the volume of
air intake through the nose.  

The upper right permanent
canine was 1 mm crowded when it
was erupting (Fig. 3a) and was
guided into place successfully (Fig
3b). Figure 4 shows the final occlu-
sion and Fig. 5 shows the second
and last appliance used (Occlus-o-
Guide®) which is also being used as
a retainer to maintain the correc-
tion as well as to prevent snoring
and open-mouth nighttime breath-
ing.  Initially, the patient had closed
deciduous incisal spaces (upper and
lower) and now has an ideal occlu-
sion with sufficient space for all of

Fig. 3a

Fig. 4a

Fig. 4b

Fig. 4c

Fig. 3b

Table 3
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the teeth.
Morphologic and Dental
Symptoms in Analyzing for
Sleep-Disordered Breathing

Cephalometric measures of the
pharyngeal spaces (Fig. 6) consist of
4 easily-traced dimensions29 and
their mean amounts are found in
Table 3.29,30 Other meaningful
cephalometric31,32 and dental32,33

measures are found in Table 4. A

review of the cephalometric data
between normal and those with
breathing problems9,30,34,35 is found
in Table 5, while the dental measure
of similar comparisons36,11 are
found in Table 6. The dental
measures, however, have fairly low
confidence levels with the excep-
tion of Class II molars (P = <
0.004).36

An example of a rather typical
patient that is suspected of having a
breathing problem (Fig. 7a) because
of an excessive overjet and small
mandible. The author (Miraglia)
uses the lack of definition of the
posterior portion of the mandibular
plane, as a diagnostic symptom and
can be seen in the initial profile.
This patient is 10.7 years of age and
is a habitual day and night mouth
breather and snorer which may

have contributed to the lack of
forward growth of the mandible.
An Occlus-o-Guide® preformed
appliance was issued to the patient
and within a few months he
converted to daytime and nighttime
nose breathing. He wore the appli-
ance for 1 to 3 hours daily for 20
months and then wore the same
appliance as a retainer at night until
he was 14.5 years of age. The final
profile is seen in Fig. 7b.

In a study by Keski-Nisula et al37

on 115 patients with a control
sample of 104 cohorts found that
the mandible grew 11.1 mm in the

Fig. 5

Fig. 7a

Fig. 7b

Fig. 8a

Fig. 8b

Table 4

Fig. 6a Fig. 6b



treatment sample and 7.2 mm in
the control sample for a 54.2% of
increase due to increased mandibu-
lar growth over a 3½ year period, as
a result of mandibular advancement
by the Occlus-o-Guide® appliance.
The initial cephalometric radio-
graph (Fig. 8a) indicated that the
base of the tongue to the posterior
wall of the pharynx was 3 mm,
while the later film (Fig. 8b) indi-
cated the opening to be 10 mm for
an increase of 7 mm. Considering
the possible increase of the pharyn-
geal space with growth, which is 3.3
mm. for the naso-pharynx38 over
the same age period, one might
assume the same increase to be
occurring in the distance from the

base of the tongue to the posterior
pharyngeal wall, the patient would
still have had an increase of 3.7
mm. for a total space of 6.7 mm.  

Since the genio-glossus muscle of
the tongue arises from the genial
tubercle of the mandible, any
advancement of the mandible pulls
the tongue forward away from the
throat which opens the airway of
the oropharyax. Also, the elimina-
tion of the patient’s habitual
daytime mouth breathing and
replacement with normal nasal
breathing might be helpful in
increasing the nasal airway as well.     

Review
Habitual snoring is probably the

most reliable observable symptom
and is ideally followed by a night
home study. If apneic events and
lowered blood oxygen are detected,
then a polysomnograph would be
indicated. Individual U.S. states and
other countries offer varying
restrictions on the treatment of
sleep-disordered breathing and
apnea problems and it is recom-
mended that these possible restric-
tions, if applicable, should be
researched before treating those
cases suspected of having these
severe problems. The general and
pediatric dentist, however, are
often the first in line to diagnose
the breathing problems, and as a
result, can also be the one to initi-
ate interceptive procedures that can
greatly benefit the young patient.  

The incidence of habitual snor-
ing is less in a child than in an
adult.  The frequency in a child has
been reported to be 10%,6,12,39

while in the adult it is 23%.40 Even
a child with an incidence of 10%
should warrant serious attention
considering its future implications
with various behavioral problems.
The four of these behavioral symp-
toms that are probably the most
important are hyperactivity,
daytime mouth breathing, daytime
sleepiness, and attention deficit.
Also of primary importance is to
check the tonsils and adenoids for
unusual swelling. The most impor-
tant cephalometric and dental
measures are found in Table 4,
while their relation to various
breathing problems are listed in
Table 5 and 6. 

Once a decision is made that a
breathing problem might exist, a
home night study would be indi-
cated. Such a simple device can
monitor a child while they sleep
and will record the type and sever-
ity of apneic events, oxygen desatu-
ration, snoring, number of breaths,
pulse rate and volume of air intake.
If serious problems exist (particu-
larly with lowered oxygen levels
and apneic events) it is recom-
mended that the child have an
overnight sleep study with a medi-
cal specialist. If the problem is less
severe, an appliance or orthodontic
procedure can be recommended
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that would advance the mandible
(if the overjet allows it), and
enlarges the upper arch to improve
air intake and proper nasal breath-
ing. These procedures should
greatly improve a child’s health and
well-being.  Such a case should be
seen for a few years to monitor its
future stability. 
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Summary

Objectives: Our aim was to analyse dentoskeletal effects and long-term stability of Class  II 
treatment carried out with an eruption guidance appliance (EGA) in early mixed dentition.
Materials and methods: Sixty-five Class II patients (38 females and 27 males), treated with an EGA 
in early mixed dentition, were compared with 58 children (26 females and 32 males) with untreated 
Class II malocclusion. The mean age in the treatment group at the start (T1) and end of treatment 
(T2) was 5.4 years (±0.4) and 8.5 years (±0.9), respectively, and at the final examination in the early 
permanent dentition (T3) 16.7 years (±0.4). In the control group, the mean age at T1 and T2 were 
5.1 years (±0.5) and 8.4 years (±0.5), respectively. The independent and dependent sample t-tests, 
Chi-square test, and Fisher’s test were used in the statistical evaluation.
Results: In the treatment group, the frequency of Class II decreased from 100 to 14% during the 
treatment (T1–T2) and a significant correction took place in all occlusal variables. At T2, the treatment 
and control groups showed statistically significant differences (P < 0.05) in all occlusal variables. In 
the treated children, mandibular length increased 5 mm more (P < 0.001) from T1 to T2 compared to 
the control children, and the ANB angle became significantly smaller (P = 0.006). During the post-
treatment period (T2–T3), the frequency of Class II in the treatment group decreased from 14 to 2% 
(P < 0.05), overbite increased from 2.2 to 3.1 mm (P < 0.05), and lower crowding increased from 
2to 14% (P < 0.05). Post-treatment changes in overjet and upper crowding were not statistically 
significant. At T3, the mean values of the SNA, SNB, and ANB angles were 83.0° (SD 3.9°), 81.3° (SD 
3.8°), and 2.4° (SD 1.5°), respectively.
Conclusions: A clinically significant correction of the molar relationship, overjet, overbite, incisor 
alignment, and growth enhancement of the mandible were observed after treatment in early mixed 
dentition. The treatment results remained largely stable in the early permanent dentition. However, 
an increase was observed in overbite and lower crowding. None of the children treated in early 
mixed dentition needed a second treatment phase.

Introduction

Diagnostic signs of Class II malocclusion are frequently detectable 
already in deciduous or early mixed dentition, and once established, 
the Class II developmental pattern seems to persist with only limited 
capacity for spontaneous correction during growth (1–5). In spite of 

the early onset of the condition, benefits of early intervention remain 
controversial. Interceptive treatment in mixed dentition has been 
shown to produce favorable results but it has been frequently ques-
tioned whether clinically relevant long-term changes can be gained 
by early intervention (3, 6–15).
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Eruption guidance appliance (EGA) has been shown to be ef-
fective in the early treatment of many types of malocclusions includ-
ing excess overjet and overbite, anterior crowding, and Class  II 
malocclusion (13–14, 16–19). The effects of the appliance are 
largely dentoalveolar but significant skeletal changes have been re-
ported (14–16, 18). In particular, EGA treatment seems to affect 
mandibular growth and position thereby contributing to the Class II 
correction (14, 16, 18).

The EGA effects have mainly been investigated in patient groups 
that underwent treatment in late mixed dentition, with only a few 
where the onset of the treatment was in early mixed dentition (13–
14, 16–17, 19–20). Stable treatment results have been reported in 
short-term but only one long-term follow-up study has been carried 
out (16, 19–20).

The aim of the present study was to evaluate occlusal and skel-
etal effects of Class II treatments that were carried out in early mixed 
dentition with EGA, and to investigate the stability of the treatment 
results in the early permanent dentition.

Materials and methods

This investigation is part of a prospective cohort study evaluating 
the effectiveness of EGA in early orthodontic treatment. The par-
ticipating individuals were orthodontic patients at three municipal 
health centres in the western part of Finland. The treatment group 
were obtained from two rural municipalities, Jalasjärvi and Kurikka, 
where all children born 1992 and 1993 were examined. Of the 315 
children who needed treatment, 33 were excluded because they were 
treated with other appliances; families of 27 declined treatment. The 
remaining 255 children started treatment with EGA (Figure 1) in 
early mixed dentition. No records were available for the 50 chil-
dren who discontinued the treatment due to moving, non-compli-
ance, or other reasons (see the flow chart, Figure 1). The control 
group was obtained from the neighbouring town of Seinäjoki and 
it comprised children randomly selected among those who fulfilled 
the same occlusal criteria for EGA treatment as the children in the 
treatment group. The present analysis is based on the records of the 
remaining 65 children who all completed the treatment successfully. 
The control children were followed-up from early mixed dentition to 
middle mixed dentition, and all of them received orthodontic treat-
ment starting during middle mixed dentition, following the treat-
ment guidelines of Seinäjoki where early treatment was not available 
at the time. All subjects were ethnic Finns. Further details of the 
treatment and control groups have been published earlier (13, 21). 
All children in the treatment group were treated according to a pre-
established early treatment protocol in the orthodontic clinics of 
Jalasjärvi and Kurikka, with minor adjustments to ensure timely and 
controlled data collection as described earlier (21).

The present analysis is based on the records of 65 Class II chil-
dren (38 girls and 27 boys) treated during early mixed dentition and 
58 control children (26 girls and 32 boys), all fulfilling the following 
inclusion criteria: a distal step equal or larger than 1  mm and/or 
Class II type canine relationship equal or larger than 2 mm, bi- or 
unilaterally. The fact that the sex distribution was not equal between 
the treatment and control groups may have affected the results.

The children were examined at the beginning (T1) and at the 
end of the early mixed dentition period (T2). The mean age of the 
children in the treatment group was 5.4 years (SD 0.4) at T1 and 
8.5 years (SD 0.9) at T2, and in the control group 5.1 years (SD 0.5) 
at T1 and 8.4 years (SD 0.5) at T2. The early treatment was car-
ried out with EGA from T1 to T2, followed by retention. Retention 

was continued until the permanent canines, premolars, and second 
molars had erupted using an EGA as the retainer. During the ac-
tive treatment, the appliance was used every night, and during re-
tention, two nights per week. A detailed description of the treatment 
protocol has been published earlier (13). The children in the treat-
ment group were further examined close to their 17th birthday (T3). 
The mean age of the children at T3 was 16.7 years (SD 0.4). The 
mean retention time was 4.9 years (SD 1.6, range 1.3–7.1 years) and 
mean out-of-retention time at T3 was 3.1 years (SD 2.1).

Overbite and overjet were measured directly in the mouth by 
two calibrated orthodontists, all other occlusal features were as-
sessed and measured from dental casts, taken at T1, T2, and T3, 
by the first author (KKN) as described earlier (22). Occlusal con-
tacts of the incisors were assessed directly in the centric relation; a 
non-occlusion was recorded if both overjet and overbite were posi-
tive but no tooth-tooth contact was detected. Space conditions were 
assessed from dental casts, and the arch was recorded as crowded 
if overlapping incisors were present or distemas between incisors 
were lacking. To estimate the accuracy of measuring, 30 randomly 
selected cases were measured twice and the Dahlberg measurement 
error (23) was calculated for each variable. The error varied between 
0.11 and 0.14. Cephalometric analysis was performed by the first 
author (KNN) using the RMO Jiffy Orthodontic Evaluation 32-pro-
gram. A  detailed description of the cephalometric landmarks and 
measurements has been published earlier (24). Measurement error 
was evaluated digitizing and measuring 30 randomly selected cepha-
lograms twice at an interval of 6 months. The intra-class correlation 
of repeated measurements, tested by Bland–Altman method (25, 26), 

315 Children needing treatment

Selection criteria in EGA treatment (any of the following characteristics):
Angle Class II / Class II tendency

Overjet and/or overbite ≥ 3 mm and lack of incisor contact in CR
Open bite

Crowding / insufficient spacing of incisors
Buccal and/or anterior crossbite

Declined treatment (n=27)

Underwent expansion or 
face-mask treatment (n=33)

Start of EGA treatment (T1)
(n=255)

Completion of EGA treatment 
and start of retention (T2)

(n=65)

Completion of follow-up (T3)
(n=65)

Moved (n=8)
Non-compliance (n=23)

Parents concerned of effects of 
appliance material (n=19)

Selection criteria in Class II subgroup:
Distal step ≥ 1 mm and/or Class II canine ≥ 2 mm, bi- or unilaterally 

(n=115)

Figure 1. Flow chart of the treatment group.
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varied between 0.92 and 0.99 indicating good accuracy. The Student 
t-tests for independent and dependent samples were used in the stat-
istical evaluation of the continuous variables, and the Chi-square 
and Fisher’s tests for categorical variables; a P-value less than 0.05 
was considered to be statistically significant.

Results

Occlusal findings in the treatment and control groups at T1, T2, and 
T3 are given in Table 1. At T1, no statistically significant differences 
between the treatment group and control group or between boys 
and girls were detected. During the active treatment period, while 
the permanent incisors were erupting, overjet, overbite, frequency 
of non-occlusion, and crowding showed significant improvement in 
the treatment group. The frequency of Class II decreased from 100 
to 14% and in the control group from 100 to 78%. At T2, all dif-
ferences in occlusal variables between treatment and control groups 
were statistically significant. During the post-treatment period, 
overbite increased from 2.2 to 3.1  mm (P  <  0.001), frequency of 
Class II decreased from 14 to 1% (P = 0.02), and frequency of lower 
crowding increased from 2 to 14% (P = 0.02). Changes in overjet 
or in the frequencies of non-occlusion and upper crowding were not 
statistically significant.

The cephalometric findings are given in Table 2. At T1, the treat-
ment and control samples were skeletally similar with the exception 
of facial axis angle, the angle between the mandibular plane and 
Frankfort horizontal, and the angle of lower facial height, all indicat-
ing that in the treatment group, mandible showed greater tendency 
towards opening growth direction. Furthermore, the labial inclin-
ation of the upper incisors and the interincisal angle were larger in 
the treatment group at T1. The baseline differences may have acted 
as confounding factors.

In maxilla, the changes from T1 to T2 were similar in the treat-
ment and control groups and seemed to reflect normal growth dur-
ing this period. The SNA angle indicated a neutral position of the 
maxilla with only minor changes between T1 and T3. From T1 to 
T2, the mandibular length increased 11.4 mm (SD 4.3) in the treat-
ment group and 6.4 mm (SD 3.5) in the control group. The differ-
ence of 5.0 mm between the treatment and control groups was highly 

significant (P < 0.001). The mean annual growth increments in the 
treatment and control groups between T1 and T2 were 3.5 mm and 
1.9 mm, respectively. In the treatment group, significant mandibular 
growth continued after T2. The length of the mandible at T1, T2, 
and T3 is given separately for boys and girls in Table 3.

Many variables in the treatment group, for example the position 
of pogonion, mandibular base angle, maxillo-mandibular differen-
tial, and SNB and ANB angles showed more pronounced and stat-
istically significant changes from T2 to T3. At T3, the SNB angle 
was 81.3 degrees (SD 3.8) and the ANB angle 2.4 degrees (SD 1.5). 
The lower incisors moved forward between T1 and T2, and became 
slightly less prominent from T2 to T3. Labial inclination of the upper 
and lower incisors increased both in the treatment and control group 
between T1 and T2, reflecting the normal development from de-
ciduous to permanent dentition. In the treatment group, the lower 
incisors showed further labial tilting from T2 to T3 whereas inclin-
ation of the upper incisors showed a slight, non-significant lingual 
change. At T3, the mean interincisal angle in the treatment group 
was 130.6°.

Discussion

Proffit (11) suggested that an early Class  II treatment is indicated 
only for a selected group of children and recommended adolescent 
growth spurt as the best time for treatment. As a contrasting ap-
proach, the present study investigates short- and long-term effect-
iveness of a Class  II treatment that was carried out with EGA in 
early mixed dentition, during a period that coincides with the ju-
venile growth spurt. Earlier studies have indicated that EGA is ef-
fective in Class  II treatment but the patients in these studies were 
older (16–18, 20, 27). An intervention in early mixed dentition 
was of interest because it could potentially prevent an increase in 
the severity of the malocclusion. Several studies have shown that 
very little if any correction of Class II relationship can be expected 
with growth (1–4, 28). A longitudinal analysis from 7 to 15 years 
of age showed that while both positive and negative changes oc-
curred in occlusion, the need for treatment increased not decreased 
with age (29). A follow-up study of untreated children with Class II, 
Division I  deep bite malocclusion reported statistically significant 

Table 1. Overjet, overbite, non-occlusion, molar relationship, and crowding at T1, T2, and T3.

T1 T2 T3

Treatment 
group (N = 65)

Control group 
(N = 58)

Treated vs. 
control 
P

Treatment 
group (N = 65)

Control group 
(N = 58)

Treated vs. 
control 
P

Treatment 
group (N = 65)

Treated 
at T2 vs. 
treated at T3 
P

Overjet (mm)
 Mean (SD) 3.4 (1.4) 3.4 (2.0) 0.8 2.2 (0.8) 4.7 (2.0) 0.001 2.1 (0.8) 0.8
 95% CL 3.1–3.8 2.8–3.9  2.0–2.4 4.2–5.2  1.9–2.3  
Overbite (mm)
 Mean (SD) 2.9 (2.0) 3.5 (2.1) 0.1 2.2 (1.0) 4.4 (2.2) 0.001 3.1 (1.1) 0.001
 95% CL 2.4–3.4 2.9–4.0  1.9–2.4 3.8–5.0  2.8–3.4  
Non-occlusion at 
centric relation

34 (52%) 22 (38%) 0.16 1 (2%) 26 (45%) 0.001 0 1

Class II 65 (100%) 58 (100%) 1 9 (14%) 45 (78%) 0.001 1 (1%) 0.02
Crowding (%)
 Upper 5 (8%) 5 (9%) 1 2 (3%) 29 (50%) 0.001 2 (3%) 0.3
 Lower 23 (35%) 29 (50%) 0.15 1 (2%) 29 (50%) 0.001 9 (14%) 0.02

Continuous variables were statistically evaluated with the Student t-test and categorical variables with the X2-test or the Fisher’s test.
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improvements from adolescence to adulthood (30) but clinically the 
changes were only marginal.

The present study showed that a treatment modality of Class II 
malocclusion that was based on the use of EGA during early mixed 
dentition gave consistently good results that were relatively stable 
in the early permanent dentition. None of the 65 Class II children 
that participated the present study showed moderate or severe signs 
of malocclusion such as tooth malpositions, crowding, excess over-
jet or overbite, openbite, crossbite, scissorsbite (buccal crossbite), or 
Class II relationship at T2. Therefore, they were not considered to 
need a second treatment phase after the initial treatment period dur-
ing early mixed dentition. EGA treatment during the eruption of the 
permanent incisors resulted in good incisor alignment, and overjet 
and overbite close to 2 mm. In case of predicted space deficiencies, 
a good alignment of the incisors was achieved by using a series of 
consequently larger appliances until sufficient space for the incisors 
was created. In early permanent dentition, at the age of 16.7 years, 
a decrease of 0.1 mm was observed in overjet and an increase of 

0.9 mm in overbite. This is in line with the results of an earlier study 
(20). No change was seen in the alignment of the upper incisors but 
crowding of the lover incisors increased from 2 to 14%. The late 
lower crowding typically occurs in both treated and untreated sub-
jects. In the present study, it might have been possible to avoid this 
by using a different retention protocol, for example fixed retainers.

In the present group of 65 children that underwent early Class II 
treatment, the assessment of treatment need was based on the sa-
gittal relationship of the second deciduous molars and canines. The 
Class II diagnosis was further supported by the finding that the mean 
ANB angle was 5.5° at the age of 5. As a result of the EGA treatment, 
the sagittal relationship was corrected from Class  II to Class  I  in 
86% of the cases during the active treatment, and it showed further 
improvement post-treatment. At the age of 16.7 years, 98% of the 
treatment children, who all had a Class II relationship at the onset of 
the early mixed dentition, had a Class I relationship. Similar stable 
Class II correction with EGA has been reported earlier in older pa-
tients (19, 20).

As a result of the treatment, the mandible of the treated children 
grew 5 mm more compared to controls during the period of early 
mixed dentition. The EGA treatment had no effect on the position 
or size of the maxilla. These findings are in line with those reported 
earlier (16). The higher mandibular growth rate seemed to be a 
major factor contributing to the shift from a Class II to Class I molar 
relationship in the treatment group. There was no indication that 
the enhanced growth of the mandible would have been only tem-
porary. Comparison to the Burlington Growth Study standards (31), 

Table 2. Cephalometric variables in the treatment group and in the control group at T1, T2, and T3.

Treatment 
at T1

Control  
at T1

 Difference between 
treatment and  
control group at T1

Treatment 
group at 
T2

Control 
group at T2

Difference between 
treatment and control 
group at T2

Treatment 
group at T3

Mean (SD) Mean (SD) 95% CI P Mean (SD) Mean (SD) 95% CI P Mean (SD)

Maxillary skeletal position
 A/Na-verticale (mm) −0.7 (2.3) −0.2 (2.1) −1.23 to 0.3 0.22 −1.4 (2.9) −0.6 (2.2) −1.81 to 0.17 0.11 −0.6 (3.2)
 Condylion-A (mm) 75.4 (3.8) 76.2 (4.4) −2.34 to 0.61 0.25 80.5 (3.9) 80.4 (3.9) −1.36 to 1.7 0.85 95.4 (8.2)
 Anterior cranial length (mm) 50.6 (7.0) 52.3 (3.0) −3.59 to 0.2 0.08 51.7 (3.1) 52.3 (3.1) −1.82 to 0.53 0.28 62.4 (5.1)
 SNA (°) 83.0 (3.7) 82.8 (3.5) −1.09 to 1.5 0.75 81.9 (3.6) 81.9 (3.6) −1.24 to 1.38 0.91 83.0 (3.9)
Mandibular skeletal position
 Pogonion/NA-verticale (mm) −8.6 (4.6) −7.7 (3.8) −2.38 to 0.61 0.24 −7.9 (6.7) −7.2 (4.9) −2.95 to 1.61 0.56 −2.8 (7.1)
 Condylion-Gnathion (mm) 90.8 (5.1) 92.1 (5.3) −3.11 to 0.61 0.19 102.0 (6.4) 98.7 (4.8) 1.19 to 5.42 <0.001 125.3 (10.3)
 Facial axis angle (°) 92.5 (3.3) 86.8 (3.1) 4.57 to 6.86 <0.001 90.9 (3.6) 86.2 (3.3) 3.38 to 6.04 <0.001 93.5 (4.6)
 Mandibular plane/ Frankfort 
horizontal (°)

25.0 (4.5) 22.1 (4.9) 1.31 to 4.65 <0.001 26.0 (5.0) 22.1 (4.6) 2.04 to 5.74 <0.001 21.2 (5.0)

 SNB (°) 77.6 (3.3) 77.3 (3.3) −9.4 to 1.4 0.7 78.4 (3.3) 77.4 (3.5) −0.2 to 2.26 0.1 81.3 (3.8)
Maxilla to mandible
 Maxillo-mandibular differen-
tial (mm)

14.9 (3.3) 15.2 (2.8) −1.35 to 0.82 0.63 20.0 (3.5) 18.4 (3.4) 0.22 to 2.86 0.02 29 (5.7)

 Convexity (mm) 4.3 (1.9) 4.1 (1.9) −0.48 to 0.87 0.58 2.9 (2.2) 2.6 (1.9) −0.5 to 1.1 0.46 1.1 (3.0)
 ANB (°) 5.5 (2.3) 5.5 (1.9) −0.73 to 0.79 0.94 3.4 (1.8) 4.4 (2.1) −1.73 to −0.3 0.006 2.4 (1.5)
Lower facial height 
Menton-ANS (mm) 52.5 (4.0) 53.5 (3.6) −2.31 to 0.41 0.17 57.0 (4.9) 56.8 (3.5) −1.48 to 1.83 0.83 67.5 (7.7)
 Lower facial height (°) 44.8 (3.8) 40.8 (6.3) 2.33 to 6.11 <0.001 41.6 (4.1) 40.4 (3.3) −0.22 to 2.63 0.1 42.0 (4.8)
 Wits appraisal (mm) 1.1 (2.2) 1.0 (2.8) −1.02 to 1.09 0.95 −1.1 (2.4) 0.4 (2.5) −2.24 to −0.58 0.002 −0.31 (2.5)
Dental relations
 A1/A-Pogonion (mm) 3.7 (1.8) 3.6 (1.8) −0.6 to 0.71 0.87 5.2 (1.8) 6.0 (2.2) −1.59 to −0.03 0.043 5.3 (2.4)
 B1/A-Pogonion (mm) −0.4 (2.2) −0.5 (2.1) −0.67 to 0.89 0.78 3.3 (1.8) 0.4 (2.5) 2.07 to 3.75 <0.001 2.6 (2.2)
 Interincisal angle (°) 148.3 (14.7) 136.5 (13.4) 6.76 to 16.85 <0.001 127.1 (7.2) 122.2 (10.7) 1.37 to 8.41 0.007 130.6 (9.9)
 IMPA (°) 88.9 (8.0) 84.5 (7.0) 1.38 to 7.43 0.005 97.6 (7.0) 88.8 (6.6) 6.19 to 11.45 <0.001 96.0 (7.6)
 A1 to S-Na (°) 88.7 (11.4) 86.9 (10.7) −2.71 to 6.22 0.44 103.8 (5.7) 97.7 (7.7) 3.46 to 8.65 <0.001 106.4 (7.4)

Variables were statistically evaluated with the Student t-test.

Table 3. Mandibular length in 65 Class II children at T1, T2, and T3.

mm N

T1 T2 T3

Mean (SD) Mean (SD) Mean (SD)

Girls 38 89.8 (5.2) 100.5 (5.1) 121.5 (8.2)
Boys 27 92.2 (4.7) 103.9 (7.4) 130.6 (10.8)
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118.9 mm for girls and 127.2 mm for boys at the age of 18 years, 
suggests that no slowing down took place in the mandibular growth 
after the active treatment period. It thus seems that the early EGA 
treatment not only corrected the occlusion but also set the skel-
etal development on a more normal Class  I  developmental path. 
However, a contrasting finding has been reported in older patients 
(32). In the RCTs that did not find long-term advantages in early 
growth modification, the modification phase was carried out dur-
ing the period of minimum growth velocity (6–9). More consistent 
long-term skeletal responses were obtained when the orthopaedic 
treatment was initiated at the outset of the pubertal growth (33). 
On the other hand, our earlier findings indicated that a significant 
enhancement of mandibular growth resulted from a functional treat-
ment during early mixed dentition (14). It therefore seems that the 
best time to carry out an orthopaedic intervention would be during 
a period of rapid growth, either during the juvenile growth spurt or 
the adolescent growth spurt.

In addition to EGA, many orthodontic appliances, for example 
orthopaedic headgear, twin-block, and the Fränkel appliance, can 
be used for growth modification in Class  II treatment (6, 9, 32, 
34–37). While prefabricated appliances may be less effective than 
custom-made activators (38, 39), the wide scope of action of the 
EGAs offers advantages over other appliances (40). In addition to 
enhancement of the mandibular growth, EGA can be used to adjust 
the upper and lower arch perimeter and positions of the permanent 
teeth. If the EGA treatment is carried out during early mixed denti-
tion, as was the case in the present study, growth modification takes 
place during the juvenile growth spurt and the erupting incisors can 
simultaneously be guided in good alignment, with favourable overjet 
and overbite. With the early growth modification and adjustment of 
the arch perimeter there was no need for orthodontic extractions or 
a second treatment phase in any of the present 65 Class II children.

The treatment time of 3.1 years might be considered lengthy but 
during this period it was possible to achieve growth modification, 
Class II correction, alignment of incisors, and correction of overjet 
and overbite. It might be possible to shorten the treatment time but 
in order to fully benefit from the effects of EGA, particularly in case 
of more severe Class II, it seems advisable to use the appliance during 
the entire length of early mixed dentition period. The present study 
did not include a cost-benefit analysis of the treatment but the clin-
ical experience indicated that the costs remained low because EGA 
treatment allows long check-up intervals, up to 3 months, and short 
chair-side time at check-ups. Furthermore, the early EGA treatment 
eliminated need for a second treatment phase. The present results 
corroborate the earlier finding that early intervention seems particu-
larly beneficial in public health care with limited resources (41).

The present treatment modality, where the treatment is carried 
using EGA during early mixed dentition, represents a single-phase 
early treatment as opposed to the more common two-phase treat-
ment protocols consisting of an early growth modification phase and 
a subsequent second treatment phase in the early permanent denti-
tion (6–9). The present treatment sample was obtained from entire 
age cohorts of children in two municipalities and it included all types 
of Class II cases from mild to severe that are normally encountered 
in orthodontic clinics (see Table 2). There was no selection of cases 
on the basis of the Class II severity. An early treatment with EGA 
seems therefore to be a suitable treatment strategy for all types of 
Class II patients regardless of severity of the condition or presence 
of other malocclusions. Nevertheless, several questions remain open 
including, for example the type and length of optimal retention.

Conclusions

1. Class II treatment with an EGA in early mixed dentition resulted 
in a clinically significant correction of the molar relationship, 
with a favourable overjet and overbite, and good incisor align-
ment.

2. The treatment results remained largely stable during early per-
manent dentition, at the age of 16.7 years. Overbite increased by 
0.9 mm; late crowding of the lower incisors was observed in 14% 
of the children.

3. Enhancement of the mandibular growth was observed during the 
active treatment. Subsequently, the mandible continued to grow 
on a normal path resulting in Class I skeletal relationship in early 
permanent dentition.

4. The early intervention eliminated the need for a second treat-
ment phase. The present treatment modality using EGA in the 
early mixed dentition represents a single-phase early treatment 
of Class II malocclusion.

The children in this study were not patients in a clinical trial 
but normal orthodontic patients in municipal clinics. This study 
uses patient records of these children, and according the rules of late 
1990s when the study began, the permission to use patients records 
for research purposes, was granted by the local health authorities 
who considered the ethical aspects of the research before giving the 
permit, and their decision thereby was considered as the ethical com-
mittee approval.
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