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Abstract

Purpose The goal was to investigate long-term (minimum 20 years) skeletal and dental changes in Angle class II
division 1 patients treated with full-fixed orthodontic appliances and cervical pull headgear.

Methods A longitudinal retrospective study was performed with 20 orthodontic patients, who were treated exclusively by
one experienced clinician and whose treatment had been completed a minimum of 20 years ago. Former patients who had
been treated from the mid-1970s to the early 1990s were actively sought. After the recall, 20 patients agreed to participate
in the study. Lateral cephalometric radiographs at pretreatment (T1), posttreatment (T2), and long-term follow-up (T3)
were digitized and measurements were performed. Angular variables used were SNA, SNB, ANB, OcclPI-FH, PalPI-FH,
GoMe-FH, 1-NA, and Y axis. Linear measures were A-NPerp, Pg-NPerp, 1-NAmm, Wits, and LAFH.

Results From T1 to T2, a significant reduction (p<0.01) in ANB angle from 4.70 to 2.48° and in Wits value from 3.42
to 0.98 mm were observed. It was also noticed a significant increase (p<0.01) in LAFH from 62.02 to 67.39 mm, probably
due to normal facial growth. From T2 to T3, these variables remained stable. No significant changes were observed for
any other measure in any of the periods studied.

Conclusions In the assessed sample, Angle class II division 1 patients treated with cervical pull headgear presented
cephalometric outcome stability of treatment, even after a long-term follow-up of a mean of 25 years postretention.

Keywords Cephalometry - Orthodontic appliances - Retention - Long-term treatment outcome - Malocclusion

Auswertung der anteroposterioren und vertikalen Stabilitat 25 Jahre nach
Angle-Klasse-1l1/1-Behandlung mit zervikalem Headgear

Zusammenfassung

Zielsetzung Ziel war es, langfristige (mindestens 20 Jahre) skelettale und dentale Verdnderungen bei Angle-Klas-
se-II/1-Patienten zu untersuchen, die mit vollfixierten kieferorthopidischen Apparaturen und zervikalem Zug-Headgear
behandelt worden waren.

Methoden Es wurde eine retrospektive Liangsschnittstudie mit 20 kieferorthopidischen Patienten durchgefiihrt, die aus-
schlielich von einem erfahrenen Therapeuten behandelt worden waren und deren Behandlung mindestens 20 Jahre zuriick-
lag. Es wurde aktiv nach ehemaligen Patienten gesucht, die von Mitte der 1970er- bis Anfang der 1990er-Jahre behandelt
worden waren. Nach dem Recall erklirten sich 20 Patienten bereit, an der Studie teilzunehmen. Laterale kephalometrische
Rontgenaufnahmen zu den Zeitpunkten vor der Behandlung (T1), nach der Behandlung (T2) und langfristiges Follow-up
(T3) wurden digitalisiert und Messungen wurden durchgefiihrt. Die verwendeten Winkelvariablen waren SNA, SNB, ANB,
OcclPI-FH, PalPl-FH, GoMe-FH, 1-NA und Y-Achse, lineare Maie A-NPerp, Pg-NPerp, 1-NAmm, Wits und LAFH.
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Ergebnisse Von T1 zu T2 wurde eine signifikante Reduktion (p<0,01) des ANB-Winkels von 4,70 auf 2,48° und des
Wits-Wertes von 3,42 auf 0,98 mm beobachtet. Es wurde auch ein signifikanter Anstieg (p < 0,01) des LAFH von 62,02 auf
67,39 mm festgestellt, wahrscheinlich aufgrund des normalen Gesichtswachstums. Von T2 bis T3 blieben diese Variablen
stabil. Fiir alle anderen Messgroflen wurden in keinem der untersuchten Zeitraume signifikante Verdnderungen beobachtet.
Schlussfolgerungen In der untersuchten Stichprobe wiesen mit einem zervikalen Zug-Headgear behandelte Angle-Klas-
se-1I/1-Patienten eine Stabilitit des kephalometrischen Behandlungsergebnisses auf, selbst nach einem langfristigen Fol-

low-up von durchschnittlich 25 Jahren nach Retention.

Schliisselworter Kephalometrie - Kieferorthopédische Apparaturen - Retention - Langfristiges Behandlungsergebnis -

Malokklusion

Introduction

The main goals of orthodontic treatment are optimal oc-
clusion, smile/facial esthetics and long-term stability [5].
Orthodontic outcome relapse is not well understood and
the studies trying to elucidate this issue are contradictory
and employ distinct methodologies [14]. The assessed liter-
ature mainly reports a set of various types of malocclusions
which were sometimes treated with diverse approaches. It
is also common to find cases treated by distinct clinicians
or by residents of various postgraduate programs [20, 41].
Moreover, treatment objectives and outcomes are often not
well described, making a proper comparison difficult. Re-
garding Angle class II malocclusion, the available literature
lacks for consistent samples of cases being treated without
extractions in the long-term.

Angle class II malocclusion may be corrected by a com-
bination of the restriction or redirection of maxillary
growth, distal movement of the maxillary dentition, mesial
movement of the mandibular dentition, and enhancement
or redirection of mandibular growth [15]. For this pur-
pose, a large number of functional appliances of different
designs, fixed or removable, have been used [36]. Exper-
imental studies have shown that the forces for class II
correction produced by extraoral traction cause posterior
repositioning of the maxillary dental complex, as well as of
maxilla itself, through a combination of sutural and peri-
odontal remodeling [1, 13]. However, despite the apparent
effectiveness in altering the growth direction [22], there is
some controversy about the mechanisms involved in the
success or failure of this treatment approach [23, 44].

It is well documented that the headgear appliance is ef-
fective in redirecting maxillary growth vectors inferiorly
and posteriorly, thus improving maxillomandibular relation-
ship [21, 24, 42, 43]. Cervical extraoral traction is also
a well-established tool for correction of molar position, be-
sides the possibility of increasing lower facial height [7, 16].
However, it has been stated that vertical skeletal changes
can vary widely, during treatment or retention, and may
not be precisely predictable in growing patients, depend-
ing on the skeletal pattern [3]. Studies mostly evaluated the

effect of cervical headgear itself [4, 16] or in a heteroge-
neous sample of patients [4, 6]. It is assumed that insuffi-
cient information is available about the effect of the cervical
headgear associated to full fixed appliance in nonextraction
patients. Furthermore, it is extremely important to assess
information about the long-term changes which occur once
fixed appliances and headgear are discontinued.

The purpose of this study was to evaluate skeletal and
dental changes of Angle class II division 1 patients treated
without extractions and with full-fixed orthodontic appli-
ances in combination with a cervical pull headgear, assess-
ing data from a sample treated in the same manner by the
same professional and followed up for a mean period of
25 years.

Materials and methods

The present study was performed using a nonprobability
sampling method (convenience sample). To collect the sam-
ple, an experienced clinician (CJV) actively sought former
patients who had been treated from the mid-1970s to the
early 1990s with the following initial diagnosis criteria:

e Angle class II division 1 malocclusion with bilateral full
class II molar relationship,

e Vertical skeletal pattern within a normal range (FMA =
25°+5) [40],

e Active growth potential (children/preadolescents below
the peak of pubertal growth and no growth-related dis-
eases),

e No congenital agenesis and

o No craniofacial anomalies or syndromes.

Treatment employed in those patients comprised:

e Nonextraction (excluding third molars),

e Cervical pull headgear (500g/12h/day) in combination
with a 0.022” x 0.028” slot size edgewise standard fixed
appliance with no tip or torque in the brackets and

o Absence of class II intermaxillary elastics use.
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Regarding the headgear protocol, patients were in-
structed to wear the device until the right and left molar
relationships were fully corrected (key occlusion), even if
the full fixed appliance had been initiated. In with to the
retention protocol, patients were instructed to use 1-year
full time Hawley removable retainer for the upper and
lower teeth and an additional 1-year night-only use.

Patient’s records should present good quality lateral
cephalograms and centric occlusion plaster study casts ob-
tained at pretreatment (T1) and posttreatment (T2). Finally,
the additional criteria were also verified for including the
patient in the sample:

o Fulfillment of molar key occlusion at T2 (defined by the
accurate occlusion of the mesiobuccal cusp of the upper
first permanent molar in the groove between the mesial
and the middle cusps of the lower first permanent molar)
and

e Minimum of 20 years after treatment completion.

From March 2012 to December 2016, a tireless attempt
to make contact with patients fulfilling the inclusion crite-
ria was performed. From those who accepted to participate
in the study, written informed consent was obtained and
a lateral cephalogram was taken at the time of the recall
appointment (T3). At this stage, patients could not present
any tooth loss or major dental rehabilitations. A set of three
cephalograms was thus organized: the initial cephalogram
taken before any treatment (T1); posttreatment cephalogram
taken within 1-3 months of debonding (T2); and postreten-
tion cephalogram taken at the long-term recall (T3; Fig. 1).

Lateral cephalometric radiographs of each phase (T1,
T2, and T3) were digitized using a HP Scanjet G4050 se-
ries scanner with a flatbed transparent materials adapter
(Hewlett-Packard Development Company, L.P., Houston,
TX, USA), at 200 dpi and 100% resolution. Using the Dol-
phin Imaging 11.7 Premium software (Dolphin Imaging &

Management Solutions, Chatsworth, CA, USA), a single
examiner (SRBS), previously trained, marked the cephalo-
metric points of interest in order to have the cephalogram
and the selected angular and linear measures performed
automatically. All radiographs had the magnification factor
corrected with the aid of the previously mentioned software.

Eight angular and five linear measurements were used
to describe sagittal and vertical relationships. Angular vari-
ables used were SNA, SNB, ANB, OcclPl-FH, PalPI-FH,
GoMe-FH, Y axis and 1-NA°. Linear measurements used
were Wits, A-NPerp, Pg-NPerp, 1-NAmm and LAFH. The
angular and linear measurements are described in Table 1
and illustrated in Fig. 2.

This longitudinal retrospective study was performed in
accordance with the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki) and the Ethics
Board of the Brazilian Ministry of Health (Resolution
CNS/MS 466/2012) for researches involving humans. This
project was approved by the independent ethics commit-
tee of The Federal University of Bahia Dental School
(no. 62558616.5.0000.5024).

Method error

In order to calculate intraobserver error, a set of 30% of pa-
tient radiographs, randomly selected by using an online ran-
domization program (https://www.random.org/), were re-
examined after 2 weeks, and agreement rates were calcu-
lated by the use of kappa statistics. The new data were com-
pared with those of the original collection, and agreement
between them was 0.92 to variables SNA, ANB, 1-NA®°,
1-NAmm, Wits, OcclPl-FH, and Y axis, and 0.91 to PalPl-
FH, which means an almost perfect agreement. For the vari-
ables SNB, GoMe-FH, and LAFH, the kappa value was
0.88, for A-NPerp, 0.81, and for Pg-NPerp, 0.89, all of
them expressing a substantial agreement. These kappa re-

Fig. 1 Flowchart of sample
selection and recruitment

Orthodontic Treatment Completion:
Mid-1970's [ Early 1990's

Abb.1 Probenauswahl und
Rekrutierung, Flussdiagramm

!

Class Il (treated with cervical headgear + no extraction)

Eligibility (n=54)

Follow-Up
ntact with Patients/ Recall
Appointments:

Excluded (n=34)
-Not meeting inclusion criteria (n=0)
-Not found (n=21)

March 2012 — December
2016

Patients who agreed to participate)

-Declined to participate (n=13)
*Radiation fears (n=1)
*Scheduling issues (n=3)

Final Sample (h=20)

*Living far away (n=9)

*Excluded from analysis (n=0)

Analysed (n=20)
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Table 1 Angular and linear measurements used to describe
anteroposterior and vertical relationships

Tab.1 Winkel- und Streckenmessungen zur Beschreibung
anteroposteriorer und vertikaler Beziehungen

Measurements Description

Angular

SNA Angle between SN and NA lines

SNB Angle between SN and NB lines

ANB Angle between NA and NB lines

OcclPl-FH Angle between occlusal and Frankfort horizontal
planes

PalPl-FH Angle between palatal and Frankfort horizontal planes

GoMe-FH Angle between mandibular and Frankfort horizontal
planes

Y Axis Angle between SGn line and Frankfort horizontal
plane

1-NA° Angle between upper incisor axis and NA line

Linear

Wits Distance between perpendicular projections of A and
B points onto the occlusal plane

A-NPerp Distance from point A to a line passing through N,
perpendicular to Frankfort horizontal plane

Pg-NPerp Distance from Pg to a line passing through N, perpen-
dicular to Frankfort horizontal plane

1-NAmm Distance from the most anterior point of the upper
incisor crown to NA line

LAFH Lower anterior facial height=distance from ANS to

Me

sults confirm the reproducibility and reliability of the mea-
surements.

Statistical analysis

The statistical analysis of data was done using the Minitab
version 17 software (Minitab Inc., State College, PA, USA).
Initially, calculation of central tendencies and variabilities
was carried out, and described by means and standard de-
viation. The Shapiro—Wilk test was used for assessing data
distribution. Paired Student’s t tests were employed to test
for changes in means from T1 to T2, and from T2 to T3.
Significance level was set at 5% (p<0.05).

Effect size statistics were calculated for changes occur-
ring during active treatment and over the long-term post-
treatment: an effect size of 0.2-0.5 indicates a significant
change of small clinically relevant magnitude, 0.5-0.8 of
moderate clinically relevant magnitude and values greater
than 0.8 of large clinically relevant magnitude [11].

Results

The search revealed 54 orthodontic cases meeting the in-
clusion criteria. Thirty-four patients could not be found or
refused to participate. Those who did not accept, reported

living too far away, had scheduling conflicts, expressed ra-
diation fears or simply refused to participate for unspec-
ified reasons. Twenty patients agreed to attend the recall
appointment and agreed to take part in the present research
(14 females and 6 males).

The mean period of headgear use was 2 years/1 month
and the average period of fixed appliance wear was
3 years/3 months. Total treatment average time was
4 years/4 months. Table 2 shows the overall and indi-
vidual characterization of the patients included in the study
by gender and age at the three times of examination and
the total follow-up period. The mean ages at the evalu-
ated times of examination were 11years/9 months (T1),
16 years/4 months (T2), 43 years/3 months (T3). The
overall long-term mean observation period at the recall
appointment was 25 years.

Table 3 shows the mean angular and linear measurements
of the 20 patients included in the study in the three phases
evaluated. From T1 to T2, the measures of SNA, SNB,
OcclPI-FH, PalPl-FH, GoMe-FH, 1-NA®, Y axis, A-NPerp,
Pg-NPerp and 1-NAmm have changed with no statistically
significant differences.

However, a statistically significant decrease of ANB
(4.70 to 2.48), WITS (3.42 to 0.98) and a significant in-
crease of LAFH (62.02 to 67.39) from T1 to T2 was
observed. Regarding the long-term posttreatment changes,
the ANB reduced a little bit further from T2 to T3 (2.48 to
2.34), but this change was not statistically significant. The
Wits measurements revealed a raise from T2 to T3 (0.98
to 1.25), while the LAFH decreased (67.39 to 64.40). Both
changes were not statistically significant.

The effect size calculations revealed that the changes of
the ANB (d=1.35), Wits (d=1.07) and LAFH (d=0.97)
that occurred from T1 to T2 were judged to be of large
clinically relevant magnitude (d>0.8). From T2 to T3, all
the measured changes showed d values of small clinically
relevant magnitude (d<0.5).

Discussion

This longitudinal investigation was undertaken to verify if
skeletal and dental changes occurring during treatment of
Angle class II division 1 patients are stable after a long-
term period postretention. The results showed that dur-
ing active treatment (T1-T2) a significant reduction of the
mean ANB angle from 4.70 to 2.48° and of the mean Wits
value from 3.42 to 0.98mm could be observed, express-
ing that both measurements for sagittal skeletal relation-
ship achieved values within the normal range in the course
of this time period. In addition, there was a significant in-
crease in LAFH, probably due to normal facial growth. This
change happened without rotation of the mandibular plane,

@ Springer



386

S. R. Braga Santos et al.

Upper incisor axis

++— Occlusal plane

- Distance from A pomt to NPerp line

=+ Distance from Pg to NPerp line
+ Distance from incisor to NA line

— Wits

Fig.2 Points, lines and planes used to determine a angular and b linear cephalometric measurements

Abb.2 Punkte, Linien und Ebenen zur Bestimmung von kephalometrischen a Winkel- und b Streckenmessungen

since the measures for GoMe-FH and for the Y axis re-
mained unchanged. These favorable results obtained with
conventional orthodontic treatment assisted by a cervical
headgear were very stable, even after a mean of 25 years
postretention.

Orthopedic cervical headgear treatment has been re-
ported to be a suitable method to manage Angle class II
division 1 malocclusions [25, 27, 29, 44]. However, even
after more than 70 years after the first report of using this
device [26], a lack of evidence exists regarding the skele-
tal and dental changes achieved, especially in the long-
term [32]. In respect to the promoted sagittal changes, the
clearest consensus concerns an inhibitory effect on max-
illary anterior growth [18, 36, 39]. In our study, the SNA
angle and A-NPerp measure remained unchanged during
active treatment and also after the long-term evaluation.
Other authors reported a slight reduction in SNA angle,
suggesting a backward movement of the maxilla [15, 25,
27, 29, 30, 37]. The consequence of this appliance on
mandibular development is less clear, with the majority of
studies suggesting no effect [15, 37] and some of them
stating increased forward growth of the mandible to some
extent during treatment [23, 25, 36]. In this investigation,
mean SNB angle and Pg-NPerp value presented a slight
increase during treatment, which was not statistically sig-
nificant, remaining unchanged after 25 years of follow-up.
This slight increase of the SNB angle, in conjunction with
a subtle decrease of the SNA angle, probably explains the
reduction of the ANB angle and Wits measurement. This
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reduction was also verified by other authors [3, 8, 10, 15,
25, 28, 29, 36, 37] demonstrating that the therapy assists
in improving the skeletal sagittal relationship.

The outer face bow of the headgear should be bent up-
wards relative to the horizontal plane to prevent excessive
tipping and extrusion of the first molars [26]. Using this
protocol, an excellent control over the occlusal, palatal,
and mandibular planes may be achieved with little, if any,
adverse effect on the vertical dimension. In our research,
OcclPI-FH, PalPI-FH, GoMe-FH, and Y axis angles were
unchanged at the end of orthodontic treatment, suggesting
a good vertical control associated with growth within the
normal range in all patients, and remained unchanged after
the long-term follow-up period. Similar results were re-
ported in previous publications [15, 17, 25, 27, 28, 33, 37].
Other authors, however, using the same protocol, verified an
anterior downward tipping of the palatal plane [27]. Studies
also have shown that cervical traction might be effective in
redirecting maxillary growth inferiorly [4, 34]. This fact,
in conjunction with the regular facial growth, could be the
reason for the significant increase in lower anterior facial
height observed in this study, with an increase in LAFH
measurement from 62.02 to 67.39mm at the mean during
treatment. This increase also remained stable after long-
term evaluation.

The performed orthodontic treatment did not have
a marked effect on the inclination and position of the
upper incisors, since the 1-NA angle and 1-NA linear mea-
surements showed no significant changes during treatment
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Table 2 Patient characterization by gender and age at pretreatment (T1), posttreatment (T2), and postretention (T3) phases, and the follow-up

period after the end of orthodontic treatment (T3-T2)

Tab.2 Patientencharakterisierung anhand von Geschlecht und Alter vor der Behandlung (T1) und danach (T2) sowie in der Nachretentionsphase
(T3) und in der Follow-up-Zeit nach Ende der kieferorthopddischen Behandlung (T3-T2)

Patient Gender Age Follow-up
Tl T2 T3 T3-T2

1 F 11y 8m 15y 2m 41y 5Sm 26y 3m
2 F 10y I1m 14y Tm 36y 8m 22y Im
3 M 12y 20y 52y3m 32y3m
4 F 11y 6m 16y 7m 44y 6m 27y 11m
5 F 10y 8m 15y 3m 35y 7m 20y 4m
6 F 13y2m 18y Im 46y 27y 11m
7 M 11y5m 17y 9m 42y 6m 24y 9m
8 F 12y Im 17y 2m 54y 5m 37y 3m
9 F I1y1m 15y 9m 39y 5m 23y 8m
10 F 12y 9m 17y 4m 46y 2m 28y Im
11 F 10y 14y 4m 44y 4m 30y

12 F 11y 14y 1m 41y Im 27y

13 F 12y Im 15y 41y Im 29y 1m
14 M 10y 16y Im 39y 2m 22y 6m
15 F 14y 6m 16y Im 40y Im 24y

16 M 12y 11m 17y 6m 40y 22y 6m
17 F 10y 3m 16y 1m 45y 4m 29y 3m
18 F 13y2m 14y 7Tm 52y 5m 37y 8m
19 M 14y 7Tm 18y 7Tm 39y2m 20y Sm
20 M 13y 5m 16y 7Tm 43y Tm 27y
Overall (mean) 11y9m 16y 4m 43y 3m 25y

F female, M male. Follow-up period: y years and m months

and also remained unchanged at the follow-up evaluation. It
is therefore suggested that correction of the overjet, present
in our patients with Angle class II division 1 malocclusion,
was a result of changes in maxillary and mandibular growth
rather than changes in incisors inclination. This absence
of significant changes related to the upper incisors may
be partially explained by the relatively good pretreatment
angular and linear position in our patients. A greater pro-
trusion and anterior inclination of the upper incisors is
a characteristic of class II division 1 malocclusion which
was not verified in our group of patients. Similar findings
have been reported in other studies [18, 25, 28]. On the
other hand, some authors have found an increase in the an-
terior inclination of both the upper and lower incisors after
headgear use [19, 29], probably because they adjusted the
bow to be at least 2mm in front of the incisors, preventing
the lip from exerting pressure on the teeth. Finally, it was
also reported an uprighting of the maxillary incisors, with
posttreatment inclination similar to cephalometric norms
[15, 31].

The present sample was composed of 20 patients at
a mean age of 11.9 years, similar to most of the researched
literature, which investigated patients with average ages be-
tween 10.1 and 13.2 years [8, 27, 28, 30, 35]. This age range

is quite favorable for the application of extraoral forces, and
this may explain the good results obtained at the end of
treatment. Another aspect that should be highlighted is the
long follow-up period, greater than 20 years for all cases,
and an average of 25 years. The majority of articles that ad-
dress the stability of class II division 1 treatment presented
a much lower mean follow-up ranging from 2 to 14 years
[3, 10, 14, 15, 18, 27, 37].

Advantages and disadvantages are expected for any kind
of treatment. Headgear therapy has proved to effectively as-
sist in managing class II malocclusion in growing patients
[43]. Classical and more recent research has demonstrated
both dentoalveolar and skeletal effects induced by the use
of extraoral forces applied to the maxillary bone [21, 24,42,
43]. Headgear is a very versatile device, permitting a var-
ied sort of adjustments to fit to the specific morphological
and growth pattern of the patient. Additionally, the appli-
ance does not represent a high cost for treatment and is
not considered difficult to be installed by the orthodontist
and/or worn by the patient [2]. However, success of the
therapy is highly dependent on patient compliance [12]. In
addition, there is an increasing concern of children and par-
ents regarding social and psychological aspects and many
orthodontists have tried more esthetic/discrete options or
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Table 3 Mean angular and linear measurements of patients at pretreatment (T1), posttreatment (T2), and postretention (T3) phases

Tab.3 Mittlere Winkel- und Streckenmessungen in den Phasen vor (T1) und nach der Behandlung (T2) sowie nach der Retention (T3)

Measurement Tl T2 p-value? T3 p-value®

Mean SD Mean SD d° Mean SD a¢
SNA 82.45 3.29 81.51 3.99 0.421 0.28 81.47 3.45 0.973 0.01
SNB 77.76 3.27 79.03 3.75 0.261 0.38 79.13 3.68 0.933 0.02
ANB 4.70 1.64 2.48 2.03 0.001 1.35 2.34 1.96 0.825 0.06
OcclPI-FH 3.95 2.77 3.49 3.42 0.643 0.16 3.07 3.76 0.714 0.12
PalPl-FH -3.82 4.04 -3.21 3.91 0.628 0.15 -3.93 3.86 0.559 0.18
GoMe-FH 23.60 3.69 23.40 4.19 0.870 0.05 22.73 443 0.626 0.15
Y axis 56.38 2.55 56.49 3.50 0.906 0.04 56.59 3.53 0.932 0.02
1-NA®° 29.08 7.74 28.57 5.34 0.810 0.06 26.51 5.90 0.254 0.38
Wits 3.42 2.28 0.98 2.33 0.002 1.07 1.25 2.66 0.730 0.11
A-NPerp 2.51 2.78 1.54 3.67 0.355 0.34 1.17 3.04 0.727 0.1
Pg-NPerp -1.97 5.13 0.49 6.35 0.187 0.47 0.48 5.72 0.996 0
1-NAmm 6.44 2.78 5.76 2.50 0.421 0.24 5.69 2.16 0.920 0.02
LAFH 62.02 5.53 67.39 6.75 0.009 0.97 64.40 8.21 0.217 0.44

SD standard deviation

2p-value between T1 and T2 phases, ®p-value between T2 and T3 phases, °d= (T1-T2) effect size, 4d= (T2-T3) effect size

noncompliance approaches [2, 9]. A relatively recent pub-
lication confirmed a decline in the use of the headgear in
the USA and Canada; even so, the findings showed that
62% of the interviewed orthodontists were still using this
kind of therapy. The relevant reason for their decision was
the emphasis on headgear use during their residency [38].
In this context, it is hoped that the present research may
encourage orthodontists to continue to use headgear ther-
apy, since additionally to the good outcomes, the therapy
has proved to be stable according to our findings.
Limitations of the present study are important to be high-
lighted. The research is retrospective/longitudinal and might
introduce selection bias, such as the difficulty of carrying
out comprehensive analyses in order to identify possible
sociodemographic, environmental or genetic factors that
could confound the evaluation. To minimize this problem,
an extensive search for patients who met the inclusion cri-
teria was performed. Although a considerable number were
found, only 20 patients accepted to join the study. The bias
and the power presented by nonprobability samples are usu-
ally not possible to be measured; however, convenience in
some retrospective long-term researches in health sciences
are justified by the ease of research, ready availability and
cost effectiveness. Other limitation is the lack of untreated
class II malocclusion control patients with similar ethnic
background. Although untreated class II control collections
are available for use, the authors of the present study as-
sumed that a proper comparison would not be possible.
Finally, it is worth noting that the assessed sample did not
comprise severe class II patients with vertical growth within
the normal range (justifying the use of cervical pull). Trans-
mission of the results to patients displaying distinct occlusal
and growth patterns should be made with caution. Detailed
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occlusal aspects of the sample have also been evaluated and
will be shared in a distinct work due to organizational and
size issues.

Conclusion

The presented results suggest a tendency for stability of
cephalometric measurements of Angle class II division
1 patients treated with cervical pull headgear combined
with conventional fixed appliances, even after a long-term
follow-up of 25 years postretention. All analyzed angu-
lar and linear variables remained practically unchanged
when comparing the posttreatment (T2) and postretention
(T3) time points. Significant posttreatment changes due
to growth and/or aging were not observed in the assessed
sample. This observation may lead to the speculation that
Angle class II division 1 growing patients with normal
vertical relationship hold good qualification for a good
treatment outcome and long-term stability after cervical
headgear treatment.

Compliance with ethical guidelines

Conflictofinterest S. R. Braga Santos, T. Martins de Aratjo, C. J. Vo-
gel, M. Bastos de Oliveira, M. A. Vieira Bittencourt and E. Braga de-
clare that they have no competing interests.

Ethical standards This longitudinal retrospective study was performed
in accordance with the Code of Ethics of the World Medical Associ-
ation (Declaration of Helsinki) and the Ethics Board of the Brazilian
Ministry of Health (Resolution CNS/MS 466/2012) for researches in-
volving humans. This project was approved by the independent ethics
committee of The Federal University of Bahia Dental School (no.



Evaluation of anteroposterior and vertical stability 25 years after Angle class II division 1 treatment with cervical headgear 389

62558616.5.0000.5024). From those who accepted to participate in the
study, written informed consent was obtained.

References

1. Adams CD, Meikle MC, Norwick KW, Turpin DL (1972) Dentofa-
cial remodeling produced by intermaxillary forces in macaca mu-
latta. Arch Oral Biol 17:1519-1535

2. Almuzian M, Alharbi F, McIntyre G (2016) Extra-oral appliances
in orthodontic treatment. Dent Update 43:74-76

3. Antonarakis GS, Kiliaridis S (2015) Treating class II malocclusion
in children: vertical skeletal effects of high-pull or low-pull head-
gear during comprehensive orthodontic treatment and retention. Or-
thod Craniofac Res 18:86-95

4. Baumrind S, Korn EL, Molthen R, West EE (1981) Changes in fa-
cial dimensions associated with the use of forces to retract the max-
illa. Am J Orthod 80:17-30

5. Bhateja NK, Fida M, Shaikh A (2015) Overjet as a predictor of ver-
tical facial morphology in orthodontic patients with class II division
1 malocclusion. J Orthod Res 3:175-180

6. Burke M, Jacobson A (1992) Vertical changes in high-angle class 11,
division 1 patients treated with cervical or occipital pull headgear.
Am J Orthod 102:501-508

7. Cabrera MC, Cabrera CAG, Freitas KMS, Freitas MR, Janson G,
Cabrera LC (2012) Cephalometric effects of the use of 10-hour
force theory for class II treatment. Dental Press J Orthod 17:31-40

8. Cangialosi TJ, Melstrell ME Jr, Leung MA, Ko JY (1988) A
cephalometric appraisal of edgewise class Il nonextraction treat-
ment with extraoral force. Am J Orthod Dentofacial Orthop
93:315-324

9. Cassidy SE, Jackson SR, Turpin DL, Ramsay DS, Spiekerman C,
Huang GJ (2014) Classification and treatment of class II subdivi-
sion malocclusions. Am J Orthod Dentofacial Orthop 145:443-451

10. Ciger S, Aksu M, Germe¢ D (2005) Evaluation of posttreatment
changes in class II division 1 patients after nonextraction orthodon-
tic treatment: cephalometric and model analysis. Am J Orthod
Dentofacial Orthop 127:219-223

11. Cohen J (1988) Statistical power analysis for behavioral sciences,
2nd edn. Lawrence Erlbaum, Hills Dale, NJ

12. Egolf RJ, BeGole EA (1990) Factors associated with orthodontic
patient compliance with intraoral elastic and headgear wear. Am J
Orthod Dentofacial Orthop 97:336-348

13. Elder JR, Tuenge RH (1974) Cephalometric and histologic changes
produced by extraoral high-pull traction to the maxilla in macaca
mulatta. Am J Orthod 66:599-617

14. Elms TN, Buschang PH, Alexander RG (1996) Long-term stability
of class II, division 1, nonextraction cervical face-bow therapy: I,
model analysis. Am J Orthod Dentofacial Orthop 109:271-276

15. Fidler BC, Artun J, Joondeph DR, Little RM (1995) Long-term sta-
bility of angle class II, division 1 malocclusions with successful oc-
clusal results at end of active treatment. Am J Orthod Dentofacial
Orthop 107:276-285

16. Firouz M, Zernik J, Nanda R (1992) Dental and orthopedic effects
of high-pull headgear in treatment of class II division 1 malocclu-
sion. Am J Orthod Dentofacial Orthop 102:197-205

17. Fotis V, Melsen B, Williams S (1985) Posttreatment changes of
skeletal morphology following treatment aimed at restriction of
maxillary growth. Am J Orthod 88:288-296

18. Freitas MR, Lima DV, Freitas KMS, Janson G, Henriques JFC
(2008) Cephalometric evaluation of class II malocclusion treatment
with cervical headgear and mandibular fixed appliances. Eur J
Orthod 30:477-482

19. Ghafari J, Shofer FS, Jacobsson-Hunt U, Markowitz DL, Laster LL
(1998) Headgear versus function regulator in the early treatment of

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

class II, division 1 malocclusion: a randomized clinical trial. Am J
Orthod Dentofacial Orthop 113:51-61

Hellman M (1940) Orthodontic results many years after treatment.
Am J Orthod Oral Surg 26:843-853

Henriques FP, Janson G, Henriques JFC, Pupulim DC (2015) Ef-
fects of cervical headgear appliance a systematic review. Dental
Press J Orthod 20:76-81

Jakobsson SO (1967) Cephalometric evaluation of treatment effect
on class II, division 1 malocclusions. Am J Orthod 53:446-457
Keeling SD, Wheeler TT, King GJ, Garvan CW, Cohen DA,
Cabassa S et al (1998) Anteroposterior skeletal and dental changes
after early class II treatment with bionators and headgear. Am J
Orthod Dentofacial Orthop 113:40-50

Kirjavainen M, Hurmerinta K, Kirjavainen T (2007) Facial profile
changes in early class II correction with cervical headgear. Angle
Orthod 77:960-967

Kirjavainen M, Kirjavainen T, Hurmerinta K, Haavikko K (2000)
Orthopedic cervical headgear with an expanded inner bow in class
II correction. Angle Orthod 70:317-325

Kloehn SJ (1947) Guiding alveolar growth and eruption of teeth
to reduce treatment time and produce a more balanced denture and
face. Angle Orthod 17:10-33

Lima Filho RMA, Lima AL, de Oliveira Ruellas AC (2003) Lon-
gitudinal study of anteroposterior and vertical maxillary changes
in skeletal class II patients treated with Kloehn cervical headgear.
Angle Orthod 73:187-193

Lione R, Franchi L, Lagana G, Cozza P (2015) Effects of cervical
headgear and pendulum appliance on vertical dimension in grow-
ing subjects: a retrospective controlled clinical trial. Eur J Orthod
37:338-344

Mintysaari R, Kantomaa T, Pirttiniemi P, Pykéldinen A (2004) The
effects of early headgear treatment on dental arches and craniofacial
morphology: a report of a 2 year randomized study. Eur J Orthod
26:59-64

Mills CM, Holman RG, Graber TM (1978) Heavy intermittent cer-
vical traction in class II treatment: a longitudinal cephalometric as-
sessment. Am J Orthod 74:361-379

Papadopoulos K, Perovi¢ T (2015) Class II division 1 malocclusion
therapy with the help of extraoral headgear appliance with cervical
pull: case report. Med Biol 17:73-78

Papageorgiou SN, Kutschera E, Memmert S, Golz L, Jiger A,
Bourauel C et al (2017) Effectiveness of early orthopaedic treat-
ment with headgear: a systematic review and meta-analysis. Eur J
Orthod 39:176-187

Phan XL, Schneider BJ, Sadowsky C, BeGole EA (2004) Effects of
orthodontic treatment on mandibular rotation and displacement in
angle class II division 1 malocclusions. Angle Orthod 74:174—183
Poulton DR (1967) The influence of extraoral traction. Am J Orthod
53:8-18

Ramos DS, de Lima EM (2005) A longitudinal evaluation of the
skeletal profile of treated and untreated skeletal class II individuals.
Angle Orthod 75:47-53

Singh A, Kishore MSV, Shetty KS (2012) Treatment changes of
chin position in class-II division 1 patients: a cephalometric study.
J Pierre Fauchard Acad 26:117-125

Tortop T, Yiiksel S (2007) Treatment and posttreatment changes
with combined headgear therapy. Angle Orthod 77:857-863
Tiifekci E, Allen SB, Best AM, Lindauer SJ (2016) Current trends
in headgear use for the treatment of class II malocclusions. Angle
Orthod 86:584-589

Tulloch JF, Phillips C, Koch G, Proffit WR (1997) The effect
of early intervention on skeletal pattern in class II malocclu-
sion: a randomized clinical trial. Am J Orthod Dentofacial Orthop
111:391-400

@ Springer



390 S. R. Braga Santos et al.

40. Tweed CH (1954) The Frankfort-Mandibular incisor angle (FMIA) 43. Wieslander L (1975) Early or late cervical traction therapy of class

in orthodontic diagnosis, treatment planning and prognosis. Angle II malocclusion in the mixed dentition. Am J Orthod 67:432-439
Orthod 24:121-169 44. Wheeler TT, McGorray SP, Dolce C, Taylor MG, King GJ (2002)

41. Waldron R (1942) Reviewing the problem of retention. Am J Or- Effectiveness of early treatment of class II malocclusion. Am J Or-
thod Oral Surg 28:770-791 thod Dentofacial Orthop 121:9-17

42. Wieslander L. (1963) The effect of orthodontic treatment on the
concurrent development of the craniofacial complex. Am J Orthod
49:15-27

@ Springer



	Evaluation of anteroposterior and vertical stability 25 years after Angle class II division 1 treatment with cervical headgear
	Abstract
	Zusammenfassung
	Introduction
	Materials and methods
	Method error
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


