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Dento-skeletal changes between headdear-fixed

and activator-fixed therapies
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A retrospective cephalometric study was undertaken to compare the dento-skeletal changes in 60 caucasian female patients aged
12 to 13 years exhibiting Class Il Division 1 malocclusion and managed on a non- extraction basis by two different treatment
modalities. Thirty were treated with extra-oral traction by headgear followed by pre-adjusted Edgewise fixed appliance therapy
while the remainder wore activator functional appliances initially followed by similar Edgewise therapy. Skeletally, there was
significant forward mandibular growth in both groups with larger increase in the functional-fixed group. The increase in lower
anterior facial height which was greater in the functional-fixed group did not result in posterior rotation of the mandible in either
group. The headgear-fixed group exhibited considerable restraint of forward growth of the maxilla with an anterior downward
tipping of the palatal plane which was attributed to the wear of headgear.Overjet was reduced in the functional-fixed group by an
increase in mandibular corpus length and incisal tipping, while in the headgear-fixed group, in addition, it was also due to maxillary
restraint.

Introduction treatment of Class Il Division 1 malocclusion and
indeed this study sought to identify the net effects

] of this combination treatment modality.
There are different approaches to the management Y

of Class Il Division 1 malocclusions. The use of a The aim of this study was to examine the
functional appliance and fixed finishing procedure ~ dentoskeletal responses in two groups of patients
is currently gaining popularity but treatment with with Class Il Division 1 malocclu_smn who were
fixed appliances supported by headgear may also "ea‘ef’, by IWO, non extraction treatmgnt
provide an effective means of correction. While the modalitles. The f”SI. group was _treated _usmg
majority of studies on the effects of fixed headgear and pre-adjusted Edgewise appliance.

appliances have reported dentoalveolar changes,'? The other group was treated with an initial phase
! of functional appliance which was an activator

Skele@' changes have also l?ee” reported followed by similar pre-adjusted Edgewise

especially when extraoral traction had been appliance.

used.*®* Considerable attention has focused on the

clinical effects of functional appliance both

skeletally®'® and dentally." 2

More importantly, cephalometric comparisons
between these two treatment modalities on a non-
extraction basis have proved inconclusive
regarding the increase in mandibular length.""
Maxillary restraint is more evident with a
combination of headgear and fixed appliance""
and more palatal tipping of upper incisors is
thought to occur with fixed appliances.' It is not
uncommon to use pre-adjusted Edgewise
appliances following functional therapy in the

Materials and Methods

The sample comprised 60 female Caucasian
adolescents exhibiting Class Il Division 1
malocclusion and an initial minimum overjet of 7
mm. Thirty female patients were treated using pre-
adjusted Edgewise appliance and extraoral
traction. The remaining 30 females were treated
initially by a functional appliance followed by the
use of pre-adjusted Edgewise appliance. The
material used for the study consisted of
standardised lateral  skull  cephalometric
radiographs in occlusion taken before treatment
and at the end of fixed appliance therapy.
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Cephalometric points plotted

The points that were plotted were sella (S),
nasion (N), point A (A), point B (B), pogonion
(Pog), articulare (Ar), gnathion (Gn), gonion (Go),
anterior nasal spine (ANS), posterior nasal spine
(PNS), upper incisor edge (UIE), upper incisor apex
(UIA), lower incisor edge (LIE) and lower incisor
apex(LIA).

The cephalometric landmarks shown in Fig. 1
with the exception of gonion, were digitized
directly from the radiograph in a predetermined
sequence and the measurements were recorded
and calculated using a customised computer
program. Gonion was first determined by
constructing and bisecting the angle between the
tangents to the lower and posterior borders of the
mandibular angle on a square piece of fine tracing
paper secured onto the radiograph. It was then
digitised in sequence. Articulare (Ar) was used in
the cephalometric analysis of mandibular length
as recommended by Stickel and Pancherz'
involving longitudinal studies comparing groups
of subjects.

.-'f-d-
o

£

Fig. 1. Cephalometric landmarks platted.

The makxillary plane (Mx) is the line which joins
ANS and PNS while the mandibular (Md) plane is
from gonion (Go) to gnathion (Gn). The maxillary
mandibular planes angle (MMPA) is at the inter-
section of the maxillary and mandibular planes.
Upper anterior facial height (UAFH) is measured
from nasion (N) to ANS and the lower anterior fa-
cial height (LAFH) is from ANS to gnathion (Gn).
Total anterior facial height (TAFH) is from nasion
(N) to gnathion (Gn)
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The horizontal reference line used was a line
formed by a 7° superior rotation of the line sella
nasion SN about point nasion N." The vertical
reference line was constructed through sella
.perpendicular to the rotated SN line. Angular and
linear measurements for skeletal and dental
variables were calculated using a customised
computer program which utilised the digitised
cephalometric points. The statistical methods that
were used to analyse the comparison of changes
within each group was paired t-test and unpaired
t-test for changes between the two groups.

Error of method

The error of the method was analyzed using the
one paired sample t-test where P should be dreater
than 0.1. The value above 0.95 for index of
reliability?® and the value lower than 1.1 for
Dahlberg formula?' are considered acceptable for
cephalometric studies The paired t-test was used
to assess systematic bias, the index of reliability
to estimate the level of random error and Dahlberg’s
error is a combination of both systematic and
random error.2?2 A total of 30 radiographs were
randomly selected and redigitized after 6 weeks.
Since all the p-values, index of reliability and
Dahlberg’s formula were within the ranges
mentioned above, therefore, the measurement

Table 1. Error of method.

Measure- P-vValue Index of Dahlberg’s
ments reliability formula
SNA 0.98 0.99 0.30
SNB 0.17 0.96 0.56
ANB 0.25 0.96 0.45
SN-Mx 0.54 0.97 0.57
MMPA 0.23 0.97 0.61
SN-Pog 0.98 0.99 0.37
UI-Mx 0.16 0.99 0.65
LI-Mn 0.59 0.98 0.70
Ul-LI 0.57 0.98 0.70
(0]} 0.48 0.99 0.27
OB 0.51 0.97 0.39
A-vrl 0.28 0.98 0.53
B-Vrl 0.98 0.99 0.56
UIE-Vrl 0.88 0.99 0.42
LIE-Vrl 0.89 0.99 0.41
Ar-Gn 0.57 0.99 0.45
Ar-Go 0.15 0.99 0.43
Go-Gn 0.86 0.99 0.35
UAFH 0.21 0.98 0.36
LAFH 0.89 0.99 0.45
TAFH 0.41 0.99 0.46
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errors were acceptable. (Table 1) The statistical
analysis package used was MINITAB.

Results

The results have been tabulated as follows:

(a) Pre-treatment values between groups - Tables
2Aand 2B

(b) Post-treatment values between groups-Tables
3Aand3 B

(c) Treatment changes within and between
groups -Tables 4 A and 4 B

Pre-treatment values between groups

The headgear/fixed group had a pre-treatment
mean age of 12.85+1.42 years and mean treatment
duration of 1.70+0.51 vyears (Table 5). The
functional-fixed group began slightly earlier at
12.03+1.06 years and slightly longer treatment with
2.19+0.65 years. In other words, these cases on the
average started 9 months earlier and had a longer
treatment period of 6 months.

The two droups were comparable before
treatment in terms of linear and angular
measurements with the exception of angle ANB.
Both groups exhibited a skeletal 1l dental base
relationship with the functional-fixed having a
larger discrepancy of 6.65° as compared to 5.43° in
the headgear/fixed group (p < 0.05).

Table 2A. Pre-treatment comparison.

Variable Headgear/ Func /Fixed Inter-
Fixed group
Mean S.D. Mean S.D. Comparison

SKELETAL

Angular

values
SNA 82.18 4.07 82.0 3.77 ns
SNB 76.77 3.74 75.43 3.53 ns
ANB 543 219 6.65 2.27 *
SN-Mx 5.77 2.74 6.27 3.21 ns
MMPA 2798 5.27 28.97 7.13 ns
SN-Pog 78.03 3.94 76.72  3.89 ns

Linear

Values
Ar-Go 39.92 4.10 38.63 4.27 ns
Go-Gn 68.62 4.98 67.62 3.86 ns
Ar-Gn 97.43  6.68 95.37 4.21 ns
B-vrl 56.42 6.52 54.58 5.83 ns
A-Vrl 65.03 4.99 65.03 3.78 ns
LAFH 56.22 4.15 55.68 4.54 ns
UAFH 47.0 2.78 47.47 2.85 ns
TAFH 103.22 5.77 103.28 6.02 ns

ns = not significant * = significant at 0.05 level

DENTO-SKELETAL CHANGES

Table B, Pre-ireatment comparisan,

Wariable Headgear, Funcy Inter:
Fimed Flsizd group
e LW
Mean 5.0. Mean 5.0. fison
[HEMTAL
Angular
wahes
L 115.58 604 11415 6.4 ns
Li-vin 0437 507 04 500 683 ns
LAHLL 12208 &.23 122.37 4 ns
Lineasr
Values
O 4.33 1.80 5.30 .03 ns
0] rar 1.96 B.83 143 ns
LIE-l 62.315 &07 6148 469 ns
LAE-4l OIS 574 TOLIT 473 ns

ns=niot significant

® = signaficant at 0,05 level

Table 3A. Pre-ineabtmsenl comparison.

Variahbe Headgear / Fived Fund /' Fined
MEan .0, Mean 500
SKELETAL
Angular
walues
GhA 80,62 3.09 8113 4.05
SNE T 1.8 7658 418
ANE 3163 T.26 4.57 2.18
b 52 ¥.82 .75 175
FAMARA, 1738 547 21830 .08
ShPog 1855 1. Hi TR 4,74
Linear
Walues
Ar- 4.2 HH 518 4k 313 158
CatiCan J0AF 5.49 303 4,73
Ar-an 1V e £40 M 05 4 57
Bl G TG T4 5155 i, 7
A%l i L] 5.5 i, 37 3.97
LatH o3 2 5.5 1,30 538
LMFH 45345 ¥ .04 49,05 314
IAFH T LBl e 23 T 64

Table 3B. Post-irealment comparisan.

Varlable Headgear / Fixed Func § Fiaoed
Mean 5.0 Mean S0,
DERTAL o
Angidar
values
LIl .63 T.65 10745 b.&S
LI-dim o7&z &.RB. 05 27 B33
LIl 136,13 £.495 125.02 10,33
Limear
Values
[uli 1.98 L15 2.12 1.0
] .67 085 2.55 1.03
LIE-4l G467 &.85 36.35 4.91
LI 6737 T.26 3&.92 5.08
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Table 4A. Intra-and Inter-group comparison of treatment
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Table 5. age distribution and Ireatmen) duration {ysans).

changes.
variable | Headgear,/ | Compa- Func/ Compa- | Compa-
Fixed rison Fined rison rison
between between bet-
pre-and pre-and WeEn
past post droups
o |reaiment| treatment | of
Mean 5.0. | values | Mean 5.0, | values treat-
ment
SKELETAL
Angular
values
SNA -1.5F 147 87 0.56 - ns
SNE 033 112 ns 115 .07 - ns
ANE S1LE0 1.45 115 207 ae ns
SH-Mx 0.75 1.85 046 2,22 ns ns
MMPA (060 179 ns 4.6 163 ns s
SN- Pog [0.52 1.12 e 1.32 2.05 = ns
Linear
Values
Ar-Go (297 303 = 4.08 1.49 = ns
GoaOn 235 2,05 7 452 3322 = ns
A-Gn (433 330 158 375 = -
[: 34| 1.15 2.417 - 2.97 3.67 i &
Al 008 1.69 ns 1.28 1.75 . e
LAFH 400 23| 562 2,35 e -
UAFH (235 157 i 298 206 . ns
TAFH 6. 38 336 ' 5.95 Lm - ns

Group Pres Posd: Treakmend
treatmient treatmend duration
Mean S0, | Mean S50, Mean 5.0,
HGFined
1La5 141 145 1.4 .70 05
0 Femnales
Fumnc-Fiwed
1203 Lo | 1432 0599 E L
0 Females

ns = nat significant

= gignificant at 0.01 level ™™

= significant at 0,05 level

= significant at 0,001 level

Table 4B. Intra-and Inter-group comparison of treatment

= significant at 0.01 level

changes.
variable | Headgear/ | Compa- Func/ Compa- | Compa-
Fined rison Fixed rison rison
behween bemween bet-
pre-and pre-and ween
post poOst Groups
treatment treatment of
Mean 5.0.) values | Mean 50, values treat-
ment
DENTAL
Angiular
values
Ulbdy  |-695  7.79 " 670 6,37 s
LI-vin 1.45 6.02 = 4.7 .60 - ns
Ul-LI 405 910 * 165 051 ns 1]
Linesar
Values
Ok -1.35 163 308 199 = 1]
(o]} -5.25 2.5 == 428 256 = ns
LIE-wr  [2.32 L - 487 288 ™
LIEwrl  |-2.28  3.09 s 145 L7 = E
ns = nod significant = significant at 0.05 level

= gignificant at 0.001 level

Treatment changes within and between droups

Skeletal

In the functional-fixed group both SN-Pogonion
and SNB increased by 1.32° and 1.15° respectively,
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these changes being significant at 0.1 per cent and
1 per cent level, respectively. In the headgear-fixed
group, SN-Pogonion increased by 0.52° and SNB
increased by 0.33°. While these angular changes
were greater in the functional-fixed group, the
intergroup differences were statistically non
significant.

The linear measurements on the mandible
showed highly significant mean increases in both
groups at the 0.1 per cent level. In the headgear-
fixed group, the mean increases in the total
mandibular length (Ar-Gn) was 4.43 mm with
increases in Ar-Go and Go-Gn by 2.97 mm and 2.35
mm, respectively. The functional-fixed group
exhibited greater increases in these measurements;
these being Ar-Gn (7.58 mm), Ar-Go (4.08 mm) and
Go-Gn (4.52 mm). The intergroup treatment
difference was significant at 0.1 per cent level for
Ar-Gn and at 1 per cent level for Go-Gn.

The distances of point B from sella vertical (B-
Vrl) increased in the fixed group by 1.35 mm
(significant at 1 per cent level) and in the
functional-fixed by 2.97 mm (significant at 0.1 per
cent level). As there were significant mean
increases in angular and linear measurements of
the mandible, the question that arose was if any
significant anterior rather than posterior rotation
of the mandible resulted. Both groups exhibited
mean decreases in the maxillomandibular plane
angles (MMPA) by 0.60° in the fixed group and
0.67° in the functional-fixed which may indicate an
anterior mandibular rotation but the results were
neither clinically nor statistically significant.

Mean increases in the anterior facial height were
significant at 0.1 per cent level for both groups.
However, the intergroup treatment difference was
significant at the 1 per cent level only for lower
anterior facial height with the functional-fixed
group exhibiting a greater mean increase of 5.62
mm than the headgear-fixed group of 4.00 mm.

The effect of extraoral traction on the maxilla in
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the headgear-fixed group was seen in the
essentially unchanged position of Point A from
sella vertical (A-vrl) and the anterior downward
tipping of the maxilla as evidenced by the increase
in SN-Mx by 0.750. However in the functional-fixed
group, Point A was 1.28 mm more anteriorly
positioned. This intergroup treatment difference
was significant at the 1 per cent level.

SNA which gives an angular measurement of the
spatial relationship of the maxilla decreased in
both groups; the mean decrease being more in the
headgear-fixed group (1.57°) than in the
functional-fixed group (0.87°). As Point A was
virtually unchanged in the headgear-fixed group
where extraoral traction was used, any mean
decrease in SNA would have been due to nasion
positioned more anteriorly as a result of forward
growth.

This effect of growth on nasion is also seen in
the functional-fixed group but the decrease in
angle SNA is partially offset by the relatively
reduced restraint on forward growth of maxilla
which also positioned Point A more anteriorly.

Sagittal correction was achieved to similar
degrees in both groups but in different ways. In
the headgear-fixed group it was by significant
reduction of angle SNA (significant at 0.1 per cent)
while in the functional-fixed, it was the cumulative
effect of the mean decrease in SNA and the
increase in SNB of 1.15° both of which were
significant at the 1 per cent level.

Dental

In the headgear-fixed group, the inclination of
the upper incisors to the maxillary plane (UIl-Mx)
decreased by 6.95° resulting in an average post
treatment value of 108.63°. The distance of the
upper incisor edge to sella vertical (UIE-Vrl)
changed in a palatal direction by 2.88 mm. Both
of these measurements for the headgear-fixed
group were significant at the 0.1 per cent level. The
reduction in the upper incisor inclination and its
distance from sella vertical appeared partly due to
incisor tipping palatally and the anterior
downward tipping of the maxilla (SN-Mx increased
by 0.75°) under the influence of the extraoral
traction. Similar responses for the upper incisor
were seen in the functional-fixed group except
that the distance of the incisal edge to sella vertical
changed palatally by only 1.45 mm. This intergroup
treatment difference was significant at the 5 per
cent level.

Both functional-fixed and headgear-fixed
groups exhibited significant lower incisal lablal

DENTO-SKELETAL CHANGES

flaring as seen by the increase in the lower incisor
inclination of 4.77° and 3.45°, respectively. There
were also increases in the distance of lower incisor
edge from sella vertical (LIE-Vrl) with functional-
fixed showing a larger increase of 4.87 mm as
compared to 2.32 mm in the headgear-fixed
group. This intergroup treatment difference was
significant at the 0.1 per cent level.

The increase in LIE-Vrl is due to lower incisor
proclination in addition to skeletal mandibular
changes. As observed earlier, there was an increase
in the mandibular corpus length (Go-Gn) which
would take the lower incisors further away from
the sella vertical. The larger increase in Go-Gn for
the functional-fixed group would contribute to
the larger increase in its LIE-Vrl.

The overjet was reduced to 2.67 mm in the
headgear-fixed group and 2.55 mm in the
functional-fixed group. As the pre-treatment values
were also similar, there was no significant
intergroup treatment difference. The amount of
overjet reduction in each group correlated well
with the cumulative movement of both upper and
lower incisors in relation to sella vertical.

Discussion

The study was a retrospective cephalometric
comparison between two non extraction treatment
modalities. The aim was to determine if any
significant treatment changes existed between
these two treatment methods. The duration of
treatment for the functional-fixed group was 6
months longer than the headgear-fixed group
which would be expected to be associated with
linear measurements tending to be larger."”

Gianelly and coworkers®” found a 3.1 mm of
mandibular growth per year in his Fronkel group
as compared to 2.7 mm per year in the Edgewise
group. In contrast, Remmer and coworkers'™ in
comparing the treatment changes using Activator,
Fronkel and Edgewise therapy in non extraction
cases concluded that mandibular length was
unaltered by functional or fixed appliance.

Of interest was the initial mean overjet which
was 7.92 mm in the fixed group and 8.83 mm in
the functional-fixed group with no statistical
significant difference. This further indicated that
initial overjet did not solely dictate the choice of
treatment modality but that overall skeletal
discrepancy played a major role in the choice. The
functional-fixed therapy lasted longer by 6 months
on the average and may have affected the changes
in the linear measurements.
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In this study, it was shown that there were mean
increases in both groups. The mean increase in
mandibular length seen in the headgear-fixed
group might be due to a combination of
favourable forward growth of the chin as
suggested by Neger?® and extraoral traction which
allows the mandible to grow downward and
forward.2*

Comparatively, the increases in the linear
measurements of the mandible were larger in the
functional-fixed group. While this difference may
be explained by the longer treatment duration, yet
the period difference was only 6 months whereas
the increase in mandibular length (Ar-Gn) was
significantly different (7.58 mm in the functional-
fixed and 4.33 mm in fixed).

Another striking feature was the absence of
posterior rotation of the mandible in both groups.
Indeed the statistically nonsignificant mean
decrease in the maxillomandibular planes angle
indicated an anterior rotation of the mandible.
This was evident in the increase in SN pogonion
in both groups which therefore had a more
anteriorly positioned symphysis. The inhibition of
forward growth of the maxilla was evident in the
fixed group with extraoral traction® and in the
absence of any such direct restraining force, the
maxilla was less affected in its growth pattern in
the functional-fixed.

The correction of sagittal relationship was by a
significant mean decrease in SNA in the headgear-
fixed group? whereas in the functional-fixed it was
due to both a mean decrease in SNA and an
increase in SNB. The pre-treatment sagittal
discrepancy as measured by angle ANB was
greater in the functional-fixed group (6.65°) when
compared to headgear-fixed (5.43°). However, as
the amount of sagittal correction was similar in
both groups (2.08° in functional-fixed and 1.80°
in headgear-fixed), the post treatment value for
ANB was not surprisingly higher in the functional-
fixed (4.57°) as compared to the headgear-fixed
group (3.63°). It is therefore suggested that to
obtain further sagittal correction in the functional-
fixed therapy, extraoral traction by headgear be
applied to the maxilla to restrain its forward
growth if this is desirable.

Battagel” in her study on Fronkel and Edgewise
therapy found no difference between the two
groups in the increase in lower anterior face
height. This was in accord with the findings of
Remmer et al.™ In this study, both treatment
modalities showed increases in lower anterior face
height with a larger increase in functional-fixed (p
< 0.01). These increases in lower anterior face
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height occurred without any resultant backward
rotation of the mandible.

There was significant incisal tipping in both
groups as would be expected in non extraction
therapy.’-*® Interestingly, while the mean decreases
in upper incisal inclination were similar in both
groups, there was a difference in UIE-Vrl, i.e., a
smaller decrease in the functional-fixed group.
This was probably due to the maxilla being allowed
to grow in a forward direction in the functional-
fixed group as evidenced by the mean increase in
A-Vrl and hence affecting the UIE-Vrl.

The amount of lower incisor proclination in both
groups was significant with a bigger increase in
the functional-fixed group. This amount of lower
incisal proclination in both groups has drawn
concern to the post treatment stability?® and may
warrant prolonged retention regime. The mean
increase in the distance of lower incisal edge to
sella vertical was the result of a combination of
labial flaring of lower incisors and an increase in
mandibular length.

The mechanism by which overjet was reduced
differed in both groups. In the headgear-fixed
group, it was due to significant restraint on the
maxilla (no increase in A-Vrl), some increase in the
mandibular corpus length (Go-Gn increased by 2.35
mm) and significant incisal tipping. Comparatively
in the functional-fixed group, it was the cumulative
effect of a significant increase in the Go-Gn of 4.52
mm and appreciable incisal tipping especially
significant lower incisal proclination.

It must be borne in mind, however, that this
study involved a period of active treatment of two
treatment modalities. Further study is required to
ascertain the long term post treatment outcomes
of patients treated by these treatment modalities
in view of reported “catch up” growth in control
groups when compared to groups utilising
functional appliances.

Conclusions

1. There was a greater increase in mandibular
length in the functional-fixed group.

2. The increase in mandibular length was not
associated with a posterior rotation of the
mandible in both groups.

3. The use of headgear in the fixed group resulted
in inhibition of forward maxillary growth.

4. Angular measurement ANB decreased in both
groups by a significant decrease in SNA in the
fixed group whilst it was a combination of a
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decrease in SNA and an increase in SNB in the
functional-fixed group.

Lower anterior face height increased more in the
functional-fixed group without any resultant
posterior rotation of the mandible.

. There was significant incisal tipping in both groups

with a larger lower incisor proclination in the
functional-fixed group.

References

Mitchell DL and Stewart WL. Documented levelling
of the lower arch using metallic implants for
reference. Am ] Orthod Dentofacial Orthop 1973;
63:526-532.

Glenn G., Sinclair PM and Alexander RG. Non
extraction orthodontic therapy: Post treatment
dental and skeletal stability. Am | Orthod Dentofacial
Orthop 1987; 92:321-328.

Cangialosi TJ, Meistrell ME, Leung MA and Ko JY. A
cephalometric appraisal of Edgewise Class Il non
extraction treatment with extraoral force. Am |
Orthod Dentofacial Orthop 1988; 93:315-324.

Barton JJ. A cephalometric comparison of cases
treated with Edgewise and Begg techniques. Angle
Orthod 1973;43:119-126.

Yamaguchi K and Nanda RS. The effects of extraction
and non extraction on the mandibular position. Am
] Orthod Dentofacial Orthop 1991;100: 443-452.

Forsberg CM. and Odenrick L. Skeletal and soft
tissue response to Activator treatment. Eur ] Orthod
1981;3:247-253.

Pancherz H. A cephalometric analysis of skeletal
and dental changes contributing to Class Il
correction in Activator treatment. Am | Orthod
Dentofacial Orthop 1984; 85:125 -134.

Birkebeck L, Melsen B and Terps. Alaminographic
study of the alterations in the temporomandibular
joint following Activator treatment. Eur ] Orthod
1984;6:257-266.

McNamara JA Jr, Bookstein FL and Shaughnessy TG.
Skeletal and dental changes following functional
regulator therapy on Class il patients. Am ] Orthod
Dentofacial Orthop 1985; 88:91-110.

. Bishara SE, and Ziaja RR. Functional appliances: A

review. Am | Orthod Dentofacial Orthop 1989; 95:
250-258.

20.

21.

22.

23.

24.

25.

. Jakobsson

. Harvold EP and Vargervik KS.

. Gianelly AA,

. Remmer

DENTO-SKELETAL CHANGES

SO. Cephalometric evaluation of
treatment effect on Class Il Division 1
malocclusions. Am | Orthod Dentofacial Orthop
1967;53:446-457.

Morphogenetic
response to Activator treatment. Am ] Orthod
Dentofacial Orthop 1971; 60: 478 - 490.

Arena SA and Bernstein L. A
comparison of Class 11 treatment changes noted
with the lightwire, Edgewise and Fronkel
appliance. Am ] Orthod Dentofacial Orthop 1984;
86:269-276.

KR, Mamandras AH and Hunter WS.
Cephalometric changes associated with treatment
using the Activator, the Fronkel appliance and the
fixed appliance. Am | Orthod Dentofacial Orthop
1985; 88:363-373.

. Righellis EG. Treatment effects of Fronkel, Activator

and extraoral traction appliance. Angle Orthod
1983;53:107-121.

. Owen AH. Makxillary incisolabial response in Class

Il Division 1 treatment with Fronkel and Edgewise.
Angle Orthod 1986; 56: 67-87.

. Battagel JM Profile changes after Edgewise and

Fronkel treatment. Eur ] Orthod 1989; 11:243 -

253.

. Stickel A and Pancherz H.Can articulare be used in

the cephalometric analysis of mandibular length?
A methodologic study. Eur ] Orthod 1988,10:362-
68.

. Burstone (], James RB, Legan H, Murphy GA and

Norton LA. Cephalometrics for orthognathic surgery.
] Oral Surg 1978; 36:269-277.

Houston WJB. The analysis of errors in orthodontic
measurements. Am ] Orthod Dentofacial Orthop
1983; 83:382-390.

Dahlberg G. Statistical methods for medical and

biological students. New York Interscience
Publications, 1940.
Stirrups DR. Guidance on presentation of

cephalometry-based research studies. A personal
perspective. Brit | Orthodont 1993; 20:359 -365.

Neger M. A quantitative method for the evaluation
of the soft tissue profile. Am ] Orthod Dentofacial
Orthop 1959; 45:738 -751.

Weislander L. The effect of force on craniofacial
development. Am | Orthod Dentofacial Orthop
1974;65:531-537.

Mills JRE. The stability of the lower labial segment.
Dental Practitioner 1968,18: 293-306.

Saudi Dental Journal, Volume13, Number 1, January - April 2001



