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A comparison of different treatment techniques for posterior
crossbite in the mixed dentition

Aslihan Ertan Erding, DDS, PhD, 2Tirkdz Ugur, DDS, PhD, P Elif Erbay, DDS, PhD ¢
Izmir, Turkey

In this retrospective investigation, the changes occurring during the treatment of patients with posterior
crossbite in the mixed dentition with the use of expansion plate and quad-helix appliances were evaluated
and compared with those resulting from growth and development occurring in a control group of patients of
similar age and type of malocclusion. The expansion plate group consisted of 13 patients, the quad-helix
group of 14 patients, and the control group consisted of 10 children with transverse posterior crosshites in
the mixed dentition. The research material was formed from orthodontic models and lateral and frontal
cephalometric radiographs from 37 children. It was observed in this investigation that transverse expansion
is achieved by both the expansion plate and quad-helix appliances. However, the average period of
treatment was 1.2 years for the expansion plate, and 0.6 years for the quad-helix appliance. Although
posterior crosshite was corrected in a fairly short period of time, the quad helix appliance caused
considerable buccal tipping of the maxillary first permanent molars. (Am J Orthod Dentofacial Orthop
1999;116:287-300)

Posterior crossbite is one of the most fre- study** that deals with the effects of expansion plates
qguently observed malocclusions of the deciduous and and quad-helix appliances in the treatment of posterior
mixed dentition periods. The prevalence of this maloc- crossbites. However, there was no control group in that
clusion is regarded to be 8% by Kutin and Hatvasg study.

12% by Hanson et 4during the deciduous dentition The aim of this study is to evaluate specific dental

and 7.29% during the mixed dentition. and skeletal changes during the treatment of posterior
Various investigators claim that this abnormality is crossbite using expansion plates and quad helix appli-

not self-correcting and they recommend treatment at an ances and comparing them with those changes occur-

early periodt3-10]t is noted that treatment of posterior  ring in the control group.

crossbite in the deciduous dentition period can be real-

ized through the grinding of deciduous teeth that cause MATERIAL AND METHODS

premature occlusal contaet?-13The treatment during In this retrospective study, altogether 37 cases with
the mixed dentition period, however, relies on the trans- posterior crossbites forming two treatment groups and
versal expansion of the maxillary teeth. one control group were treated at the Department of

In the treatment of posterior crossbite through the Orthodontics, Istanbul University, Faculty of Dental
transverse expansion of the maxillary teeth, various Medicine.
appliances such as the coffin spring, expansion plate,  The following criteria were taken into consideration
“W” appliance, or quad-helix appliances are used. in the selection of cases for this study: (1) morphologic
It was observed that there were no studies analyzing posterior crosshite on one or both sides due to trans-
the changes that occur during the treatment of posteriorverse maxillary deficiency, (2) Angle Class | or Class Il
crossbite either with expansion plates or quad-helix molar occlusion, and (3) the mixed dentition period.
appliances using a control group. There exists only one  As shown in Table |, from among the total number
of 37 children, 10 were assigned to the control group,
13 to the first treatment group with expansion plates,
From the Department of Orthodontics, Faculty of Dentistry, Istanbul University. and 14 to the second treatment group with quad-helix
aResearch Fellow. .
bProfessor. appliances.
cAssociate Professor. Table Il shows the mean ages and the average
Reprint requests to: Aslihan Ertan Erding, Department of Orthodontics, Faculty period of control and treatment of the research materi-
of Dentistry, Aegean University, Bornova, 35100, Izmir, Turkey. . . .
als. As seen in Table Il, the control period in the control

Copyright © 1999 by the American Association of Orthodontists. . g )
0889-5406/99/$8.00 + 08/1/96253 group consists of two phases, the first phase being 0.5
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Table I. Sample characteristic
Angle Class | Angle Class Il
Unilateral Bilateral Unilateral Bilateral
posterior crosshite  posterior crossbite  posterior crosshite  posterior crossbite Total

Control group

Girl 5 1 1 7

Boy 2 1 3

Pooled 7 2 1 10
Expansion plate group

Girl 11 11

Boy 2 2

Pooled 13 13
Quad-helix group

Girl 6 5 1 12

Boy 1 1 2

Pooled 6 6 2 14
Total

Girl 22 5 2 1 30

Boy 4 1 2 7

Pooled 26 6 4 1 37

Table IIl. Age distribution and length of treatment and the end of the first and second phases. These phases of
control periods (years) control group are explained in the statistical analysis

X SD section.
Control group PREPARATION OF THE QUAD-HELIX APPLIANCE
Age at the beginning of Stage | 9.4 13 AND CLINICAL APPLICATION
Age at the end of Stage | and/or 9.9 1.3 . . .
age at the beginning of Stage Ii The 'quad—hellg ap'pll'ancelwnlh a lock and 'k'ey
Age at the end of Stage Il 10.6 1.3 mechanism used in this investigation was a modifica-
Duration of Stage | 0.5 0.0 tion of the “W” appliance developed by Ricka#s!8
Duration of Stage Il 0.7 0.2 The quad-helix appliance (Fig 1), made of a 0.9 mm
Duration of Stage | + Stage I 1.2 0.2 . . . . .
Expansion plate group stainless steel wire, was activated 1 week after its appli-
Pretreatment age 9.3 1.1 ca;ion. The degree of activation of thg appliance was
Posttreatment age 10.5 1.3 adjusted so as to allow for the retention loop on one
Duration of treatment 12 0.3 side to pass from the central fossa of the first permanent
Quad-helix group molar when the other retention loop was placed into the
Pretreatment age 57 L4 lock. The arms of the quad-helix appliance were held
Posttreatment age 10.3 1.4 ock. e arms o € quad- e app a ce were he
Duration of treatment 0.6 0.2 parallel to each other when activated (Fig 2). The quad-
= helix appliance was activated once a month until the
X, Mean value. terior crossbite w. rrected
SD, Standard deviation. posterior crossbite was corrected.

PREPARATION OF THE EXPANSION PLATE AND

years and the second 0.7 years, making a total control CLINICAL APPLICATION
period of 1.2 years. The treatment period is 1.2 years in ~ Martin Schwartz’-1°developed the expansion plate
the first group treated with expansion plates, whereas used in this investigation. This plate had a midline
that period is 0.6 year in the second group treated with screw for symmetric expansion and clasps on the teeth
guad-helix appliances. (Fig 3). The screw was opened by a quarter rotation

The materials of this investigation consist of ortho- every week until the posterior crossbite was corrected.
dontic models and lateral and frontal cephalometric
radiographs taken at the pretreatment and posttreatmenANA'-YSIS OF ORTHODONTIC MODELS
periods for the two treatment groups and at the begin-  The following measurements were performed as
ning of the control period for the control group, and at shown in Fig 4 on the orthodontic casts.
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Fig 1. Quad-helix appliance. Fig 3. Expansion plate.

Fig 2. Activation of quad-helix appliance. \f

1. Maxillary intermolar width: the width between

the central fossae of the right and left first maxil- 4
lary permanent molars.

2. Maxillary intercanine width: the width between Fayoywrs
the crown tips of the right and left deciduous or i
permanent maxillary canines.

3. Mandibular intermolar width: the width between Fig 4. Orthodontic cast analysis: 1, maxillary intermolar

the antral fossae of the right and left first \igih: 2, maxillary intercanine width; 3, mandibular inter-
mandibular permanent molars. molar width; 4, mandibular intercanine width.
4. Mandibular intercanine width: the width between

the crown tips of the right and left deciduous or
permanent mandibular canines. gation were in the mixed dentition period, in some
The measurements were made by a single investi- cases the mandibular or maxillary deciduous canines
gator on the maxillary and mandibular orthodontic had exfoliated and the permanent canines had not yet
models, to the nearest 0.1 mm using sliding callipers. erupted. Consequently, the maxillary and mandibular
Because the cases examined in the present investi-intercanine widths could not be measured in all of the
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Table Ill. Error of the method (Sm) and 95% confidence limits
Sm Upper confidence limit Lower confidence limit

Orthodontic cast measurements

1. Maxillary intermolar width 0.17 0.13 0.24

2. Maxillary intercanine width 0.17 0.13 0.24

3. Mandibular intermolar width 0.14 0.10 0.20

4. Mandibular intercanine width 0.16 0.12 0.23
Frontal cephalometric measurements

5. @JAxial inclination 0.84 0.64 1.21

6. 6 Axial inclination 0.85 0.65 1.22

7. Maxillary intermolar angle 1.01 0.77 1.45

8. Maxillary apical base width 0.38 0.29 0.54

9. Nasal width 0.53 0.40 0.76
Lateral cephalometric measurements

10. SNA 0.55 0.42 0.79

11. SNB 0.54 0.41 0.77

12. ANB 0.31 0.23 0.44

13. SN/GoGn 0.45 0.34 0.64

14. Maxillary incisor/SN 1.12 0.85 1.61

15. Maxillary incisor height 0.37 0.28 0.53

16. Maxillary molar height 0.43 0.32 0.62

Table IV. Evaluation of the changes in the control group (n = 10) due to growth and development in a mean of 0.7
year

Beginning of Stage Il End of Stage Il Difference
X SD X SD D SD Wilcoxon test

Orthodontic cast measurements

1. Maxillary intermolar width 445 2.1 44.9 2.1 0.4 0.3 *

2. Maxillary intercanine width (n = 7) 30.9 2.3 31.6 2.5 0.7 0.5 *

3. Mandibular intermolar width 42.4 2.0 42.5 1.9 0.1 0.2

4. Mandibular intercanine width (n = 8) 26.1 11 26.3 1.1 0.2 0.2 *
Frontal cephalometric measurements

5. 6JAxial inclination 86.3 4.9 88.1 4.8 1.3 2.0

6. 6 Axial inclination 85.2 7.4 85.4 7.5 0.2 2.8

7. Maxillary intermolar angle 8.1 8.9 6.6 7.8 -1.5 3.4

8. Maxillary apical base width 58.7 2.8 58.8 3.0 0.1 0.2

9. Nasal width 26.4 2.3 26.8 2.4 0.4 0.3
Lateral cephalometric measurements

10. SNA 80.2 4.2 80.2 4.0 0.0 0.4

11. SNB 75.7 4.1 75.5 43 -0.2 0.4

12. ANB 4.6 2.3 47 2.2 0.1 0.6

13. SN/GoGn 36.9 5.5 37.1 5.6 0.2 0.8

14. Maxillary incisor/SN 100.5 7.0 100.4 6.8 -0.1 0.7

15. Maxillary incisor height 25.6 1.6 25.7 1.8 0.1 0.6

16. Maxillary molar height 18.9 14 194 1.4 0.5 0.7

17. Age 9.9 1.3 10.6 1.3 0.7 0.2

*P < .05.

cases. Tha numbers in the groups belonging to these radiographs, 0.18 0.25 inch stainless steel wires, bent into

parameters are shown in Tables IV through XII. different shapes for the right and left maxillary molars (Figs

5 and 6), were placed into the standard edgewise tubes

when the radiographs were taken. These reference wires,

prepared for each of the cases, were stored during the inves-
In order to determine the inclination of the maxillary tigation period, and the same wires used for each case when

first molars during the analysis of the frontal cephalometric other radiographs of the same cases were taken.

ANALYSIS OF FRONTAL CEPHALOMETRIC
RADIOGRAPHS
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Fig 5. Image of wire prepared from stainless steel and Fig 6. Image of wire prepared from stainless steel and
placed on right molar tube. placed on left molar tube.

For the cephalometric analysis of the frontal of cephalometric radiographs and orthodontic models
cephalometric radiographs, the cephalometric points measured for the second time (n = 20).
shown in Fig 7 were determined and 3 angular and 2 After the method error for each parameter had been
millimetric measurements were made using these determined, the 95% lower and upper confidence limits
points (Fig 8). of the real method error were calculated using the for-
The cephalometric points used in this study have mula below (Table IlI).
been derived from several frontal cephalometric analy-
sis methods. The explanation for these points was taken ~ Sm-/(x* [0.975/n) <& 2 < §, (x> [0.025/n)
from the book by Uzel and Enacér. &2 = real method error

2 — ; —
ANALYSIS OF LATERAL CEPHALOMETRIC x“=n degree of freedom of chi-square (n = 20)

RADIOGRAPHS As shown in Table Ill, method error was seen in one

In order to analyze the lateral cephalometric radi- angular parameter in each group (parameter 14) and (para-
ographs, the 12 cephalometric points shown in Fig 9 meter 7) in lateral and frontal cephalometric radiographic
were determined and by using these points, 5 angularanalysis, respectively. The greatest method error was
and 2 millimetric measurements were made (Figs 9 made in parameter 14 of lateral cephalometric analysis,
and 10). which is 1.12°. The lowest method error was in parameter
The cephalometric points used in this study have 3, which is the mandibular intermolar width (0.14 mm).
been derived from several lateral cephalometric analy-
sis methods. The explanation for these points was takenSTATISTICAL ANALYSIS
from the book by Uzel and EnacdrPerkiin?! and, In this investigation, the values obtained at pretreat-
Salzmanrf2:23 ment and posttreatment periods for the two treatment
groups and for the control group at the start of the con-
trol period and at the end of the first and second phases,
Twenty randomly selected lateral and frontal and definitive values related to the changes that
cephalometric radiographs were retraced and remea-occurred during the treatment and control periods were
sured and 20 randomly selected orthodontic models calculated (Tables IV-XII).
were measured for a second time 1 month later to esti-  In order to determine the actual changes due to
mate the error that might occur in the measurement andtreatment in both of the treatment groups, and to allow
tracing of the lateral and frontal cephalometric radi- for a precise statistical analysis, the control period in
ographs and in the analysis of the orthodontic models. the control group was especially adjusted to match the
Afterward, the method error for each parameter was treatment periods in the expansion plate group and the
calculated, based on the principles as defined by quad-helix appliance group. Consequently, the changes
Dahlberg?* using the formula given below (Table Ill):  that occurred in 1.2 years in the expansion plate group
T were compared with those that occurred in the total
Sm = ed?/2n control period consisting of phase | and phase I,

where Sm is method error, d is the difference between namely 1.2 years. The changes that occurred in 0.6 year
the first and second measurements, and n is the numbein the quad-helix group were compared with those that

METHOD ERROR
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Fig 7. Cephalometric reference points: 1, “Lo” latero-
orbit; 2, “N” nasal; 3, “Mx” maxillare; 4, Ireference line
was constructed along lateral aspect of threaded wire

placed into tube on maxillary right first permanent molar
band and this line shows tipping of this tooth; 5, refer-
ence line was constructed along lateral aspect of threaded
wire placed into tube on maxillary left first permanent
molar band and this line shows tipping of this tooth.

Fig 8. Linear and angular measurements: 5, 60axial
inclination angle; 6, 60axial inclination angle; 7, maxil-
lary intermolar angle (this angle was taken to be positive
when it was below the occlusal surfaces of the first per-
manent molars and negative when it was above the root

apex); 8, width of the skeletal base of maxilla; 9, width of
the nasal cavity.

occurred in phase Il of the control period, in other

words, 0.7 year. The reason why phase Il of the control

period was chosen for comparison is that the mean age In the present investigation, nonparametric methods
at the start of the treatment in the quad-helix group is were used during the statistical analysis and the intra-
compatible with the mean age at phase Il of the control group comparisons were made using the Wilcoxon test
period (Table Il). As far as the comparison of the and the intergroup comparisons using the Mann-Whit-
changes that occurred in the expansion plate and quad ney test.

helix groups is concerned, the changes were calculatec

again in the expansion plate group by reducing the RESULTSf .

average treatment period, ie, 1.2 years to 0.6 year, Changes in the Expansion Plate Group (Tables VIII-IX)

which is the average treatment period in the quad-helix =~ Table VIII shows the comparison results of the
group. During the reduction of changes in the expan- changes in the expansion plate group reduced to 0.6
sion plate group from 1.2 years to 0.6 year, the differ- year and the changes in the control group, phase Il (0.7
ence between the pretreatment and posttreatment valyear). The maxillary intermolar, maxillary intercanine,
ues of each parameter for each individual in each groupand maxillary apical base width and the SNB angle
was multiplied by 0.6 year and divided by the total increased more in the expansion plate group than in the
treatment period of that individual. control group.
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Fig 9. Cephalometric reference points: 1, “S” Sella; 2, “N”
Nasion; 3, “ANS” Anterior Nasal Spina; 4, “PNS” Poste-
rior Nasal Spina; 5, “A”; 6, “B”; 7, “Gn” Gnathion; 8, “Go”
Gonion; 9, “Ar” Articulare; 10, most forward incisal point
of most prominent maxillary central incisor; 11, apical
point of maxillary central incisor; 12, tip point of vestibula
mesial cusp of maxillary first permanent molar.

Table IX, on the other hand, shows the compari-

Erding, Ugur, and Erbay 293

Fig 10. Linear and angular measurements: 10, SNA
angle; 11, SNB angle; 12, ANB angle; 13, SNGoGn
angle; 14, upper 1/SN angle; 15, upper 1 00 ANS-PNS;
16, upper 6 J ANS-PNS.

Comparison of Changes in the Expansion Plate and
Quad-helix Appliance Groups (Tables XI and XII)

As seen in Table Xl, statistically significant differ-
ences were found between the two treatment methods
in terms of 5 parameters from among the 16 parameters
measured, as a result of the comparison between the

son results of the changes in the expansion plate changes that occurred in 0.6 year in the expansion plate

group during the average treatment period of 1.2
years and those in the control group during the total
(phase | + phase Il) control period of 1.2 years. The
maxillary intermolar and maxillary intercanine
widths increased more in the expansion plate group
than in the control group.

Changes in the Quad-helix Appliance Group (Table X)

Table X shows the comparison results of the
changes in the quad-helix group during the average
treatment period of 0.6 year and those in the control
group during phase Il (x = 0.7 year). The maxillary
intermolar, maxillary intercanine, and maxillary api-
cal base widths and the axial inclination of the first
maxillary molars exhibited a greater increase in the
guad-helix than in the control group and a greater
decrease was observed in the maxillary intermolar
angle.

and quad-helix appliance groups. The maxillary inter-
molar widths, axial inclination of the maxillary left,
and right first permanent molars and maxillary apical
base width exhibited a greater increase in the quad-
helix group than in the expansion plate group, and a
greater decrease was observed in terms of the maxil-
lary intermolar angle.

As shown in Table Xll, the comparison of the
changes in the expansion plate group during the aver-
age treatment period of 1.2 years and those in the quad-
helix appliance during the average period of 0.6 year
exhibited a statistically significant difference in terms
of 5 parameters. The maxillary intermolar width and
axial inclination of the maxillary left and right first
molars showed a greater increase in the quad-helix
group than in the control group. Greater decrease was
observed in terms of the maxillary intermolar angle in
the quad helix group, whereas in the expansion plate
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Table V. Evaluation of the changes in the control group (n = 10) due to growth and development in a mean of 1.2
years

Beginning of Stage | End of Stage Il Difference
X SD X SD D SD Wilcoxon test
Orthodontic cast measurements
1. Maxillary intermolar width 44.2 1.9 44.9 2.1 0.7 0.5 *x
2. Maxillary intercanine width (n = 6) 30.0 2.1 31.6 2.8 1.6 0.9 *
3. Mandibular intermolar width 42.3 1.9 42.5 1.9 0.2 0.3
4. Mandibular intercanine width (n = 9) 25.9 1.1 26.3 1.0 0.4 0.4 *
Frontal cephalometric measurements
5. 6JAxial inclination 85.7 4.6 88.1 4.8 2.4 3.1 *
6. 6 Axial inclination 85.3 7.7 85.4 7.5 0.1 4.8
7. Maxillary intermolar angle 9.1 8.8 6.6 7.8 -2.5 4.2
8. Maxillary apical base width 58.4 3.2 58.8 3.0 0.4 0.3 *
9. Nasal width 26.1 22 26.8 2.4 0.7 0.4 *
Lateral cephalometric measurements
10. SNA 80.2 4.2 80.2 4.0 0.0 0.6
11. SNB 75.6 4.2 75.5 43 -0.1 0.6
12. ANB 4.6 25 4.7 2.2 0.1 0.7
13. SN/GoGn 36.9 5.5 37.1 5.6 0.2 11
14. Maxillary incisor/SN 100.3 7.3 100.4 6.8 0.1 13
15. Maxillary incisor height 25.3 1.7 25.7 1.8 0.4 0.8
16. Maxillary molar height 18.9 14 194 1.4 0.5 0.6 *
17. Age 9.4 1.3 10.6 1.3 1.2 0.2
*P < .05.
** P < 01

Table vVI. Evaluation of the changes in the expansion plate group (n = 13) in a mean of 1.2 years

Pretreatment Posttreatment Difference
X SD X SD D SD Wilcoxon test

Orthodontic cast measurements

1. Maxillary intermolar width 42.9 15 46.8 2.3 3.9 2.1 ki

2. Maxillary intercanine width (n = 10) 30.3 1.8 33.2 2.3 2.9 1.1 **

3. Mandibular intermolar width 425 1.6 42.8 21 0.3 1.0

4. Mandibular intercanine width (n = 12) 25.3 1.7 26.2 1.8 0.9 0.9 *
Frontal cephalometric measurements

5. 6JAxial inclination 79.7 8.5 83.1 9.6 3.4 5.2 *

6. 6 Axial inclination 80.6 6.6 85.1 8.7 45 6.2 *

7. Maxillary intermolar angle 19.7 13.9 11.8 16.3 -7.9 10.0 *

8. Maxillary apical base width 58.1 2.3 59.2 2.6 1.1 14 *

9. Nasal width 255 3.1 26.0 3.2 0.5 0.4 b
Lateral cephalometric measurements

10. SNA 79.1 3.9 79.1 34 0.0 11

11. SNB 75.7 3.0 76.1 2.9 0.4 1.0

12. ANB 3.3 2.2 2.9 21 -0.4 1.0

13. SN/GoGn 36.6 4.3 36.7 4.1 0.1 0.7

14. Maxillary incisor/SN 100.3 3.8 102.1 4.7 1.8 3.4

15. Maxillary incisor height 25.9 2.1 26.9 2.5 1.0 1.2 *

16. Maxillary molar height 19.5 2.1 20.2 1.6 0.7 1.0 *

17. Age 9.3 1.1 105 1.3 1.2 0.3

*P < .05.

** P <.01.
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Table VII. Evaluation of the changes in the quad-helix group (n = 14) in a mean of 0.6 year

Pretreatment Posttreatment Difference
X SD X SD D SD Wilcoxon test
Orthodontic cast measurements
1. Maxillary intermolar width 41.4 2.6 47.0 3.1 5.6 1.9 *x
2. Maxillary intercanine width (n = 9) 29.5 2.3 32.6 1.9 3.1 1.9 **
3. Mandibular intermolar width 41.6 2.4 41.9 24 0.3 1.1
4. Mandibular intercanine width (n = 11) 26.1 15 26.2 1.4 0.1 0.6
Frontal cephalometric measurements
5. 6JAxial inclination 79.6 10.0 89.3 10.4 9.7 4.4 *
6. (6 Axial inclination 80.9 9.3 90.4 8.3 9.5 5.5 **
7. Maxillary intermolar angle 19.4 17.9 0.9 16.8 -18.5 6.3 *x
8. Maxillary apical base width 56.5 2.8 57.9 3.1 1.4 1.2 *x
9. Nasal width 24.7 3.0 25.3 3.2 0.6 0.4 **
Lateral cephalometric measurements
10. SNA 78.3 2.3 78.5 2.3 0.2 0.7
11. SNB 75.7 2.7 75.8 2.8 0.1 1.3
12. ANB 2.6 2.7 2.8 2.9 0.2 1.2
13. SN/GoGn 38.3 37 38.3 3.9 0.0 1.6
14. Maxillary incisor/SN 101.9 4.8 102.7 4.9 0.8 1.9
15. Maxillary incisor height 26.0 3.3 26.4 3.3 0.4 0.5 *
16. Maxillary molar height 20.5 2.0 20.8 2.2 0.3 1.0
17. Age 9.7 1.4 10.3 14 0.6 0.2
*P < .05.
** P < 01

Table VIIIl. Evaluation of actual changes from expansion plate treatment by comparing the changes in the expansion
plate group in a mean of 0.6 year with the changes in the control group in a mean of 0.7 year

Expansion plate group (n = 13) Control group (n = 10) Mann-Whitney
D Wilcoxon test S D Wilcoxon test S U test
Orthodontic cast measurements
1. Maxillary intermolar width 1.8 ki 1.0 0.4 * 0.3 Tt
2. Maxillary intercanine width
Control (n =7) 15 ke 0.8 0.7 * 0.5 T
Expansion plate (n = 9)
3. Mandibular intermolar width 0.1 0.5 0.1 0.2
4. Mandibular intercanine width
Control (n = 8) 0.4 * 0.4 0.2 * 0.2
Expansion plate (n = 1)
Frontal cephalometric measurements
5. 60Axial inclination 17 * 25 13 2.0
6. [6 Axial inclination 2.3 * 2.9 0.2 2.8
7. Maxillary intermolar width -4.0 * 4.9 -1.5 3.4
8. Maxillary apical base width 0.5 * 0.6 0.1 0.2 T
9. Nasal width 0.2 ki 0.2 0.4 0.3
Lateral cephalometric measurements
10. SNA 0.1 0.6 0.0 0.4
11. SNB 0.2 0.4 -0.2 0.4 T
12. ANB 0.1 0.6 0.1 0.6
13. SN/GoGn 0.1 0.3 0.2 0.8
14. Maxillary incisor/SN 0.8 15 -0.1 0.7
15. Maxillary incisor height 0.4 * 0.5 0.1 0.6
16. Maxillary molar height 0.3 * 0.5 0.5 0.7
17. Duration 0.6 0.0 0.7 0.2

The changes in the expansion plate group have been calculated by devaluating to 0.6 year.
Wilcoxon test: P < .05; **P < .01.
Mann-Whitney test:? < .05; T < .01.
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Table IX. Evaluation of actual changes due to expansion plate treatment by comparing the changes in the expansion
plate group in a mean of 1.2 years with the changes in the control group in a mean of 1.2 years

Expansion plate group (n = 13) Control group (n = 10) Mann—Whitney
D Wilcoxon test S D Wilcoxon test S U test
Orthodontic cast measurements
1. Maxillary intermolar width 3.9 ** 2.1 0.7 * 0.5 Tt
2. Maxillary intercanine width
Control (n = 6) 2.9 o 11 1.6 * 0.9 T
Expansion plate (n = 10)
3. Mandibular intermolar width 0.3 1.0 0.2 0.3
4. Mandibular intercanine width
Control (n=9) 0.9 * 0.9 0.4 * 0.4
Expansion plate (n = 12)
Frontal cephalometric measurements
5. 60Axial inclination 3.4 * 5.2 2.4 * 3.1
6. [6 Axial inclination 4.5 * 6.2 0.1 4.8
7. Maxillary intermolar width -7.9 * 10.0 -2.5 4.2
8. Maxillary apical base width 1.1 * 1.4 0.4 0.3
9. Nasal width 0.5 *x 0.4 0.7 * 0.4
Lateral cephalometric measurements
10. SNA 0.0 1.1 0.0 0.6
11. SNB 0.4 1.0 -0.1 0.6
12. ANB -0.4 1.0 0.1 0.7
13. SN/GoGn 0.1 0.7 0.2 1.1
14. Maxillary incisor/SN 1.8 3.4 0.1 1.3
15. Maxillary incisor height 1.0 * 1.2 0.4 0.8
16. Maxillary molar height 0.7 * 1.0 0.5 * 0.6
17. Duration 1.2 0.3 1.2 0.2

Wilcoxon test: P < .05; **P < .01.
Mann-Whitney test:® < .05; TP < .01.

group the mandibular intercanine width showed a consequence of the fact that the maxillary intermolar
greater increase. width was less in the quad-helix than in the expansion
plate group at the start of the treatment. Boysen'¢t al
and Herold?” who compared the influences of the
In this study, it was observed that the maxillary quad-helix appliances and expansion plates, were not
intermolar and maxillary intercanine widths were able to find a difference between the two treatment
increased as a result of both expansion plates and quad methods with regard to the increase in the maxillary
helix appliances. Various researchers who have investi- intermolar width.
gated the influence of expansion plates in the treatment ~ As seen in Table Xll, a significant increase was
of posterior crossbite and reported that the maxillary observed in the mandibular intercanine width in the
intermolar widtA2:14.25.26and the maxillary interca-  expansion plate group during an average period of 1.2
nine widtH427increased as a result of this appliance. years. In the quad-helix group, a statistically insignifi-
However, the researchers mentioned here did not havecant increase occurred in 0.6 year. The comparison of
a control group in their studies. Whereas Frank and the changes that occurred in the expansion plate and
Engel28 who investigated the effects of the quad-helix quad-helix appliance groups showed a statistically sig-
appliance, declared that statistically significant nificant difference. Yet an increase of 0.9 mm in the
increases due to the appliance were observed in theexpansion plate group is not actually a treatment
maxillary intermolar and maxillary intercanine widths change due to the expansion plate treatment because no
measured on frontal cephalometric radiographs instead difference was found in the mandibular intercanine
of orthodontic models; this investigation used a control width when the increases in the expansion plate group
group consisting of normal individuals. Tables XI and and control group were compared (Table Xll). The rea-
XII show that the maxillary intermolar width increased son why there was no significant difference between
to a larger extent because of the quad-helix appliance. the expansion plate and quad-helix group with respect
This difference between the two treatment groups is a to the increase in mandibular intercanine width is that

DISCUSSION
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Table X. Evaluation of actual changes due to quad-helix treatment by comparing the changes in the quad-helix group
in a mean of 0.6 year with the changes in the control group in a mean of 0.7 year

Quad-helix group (n = 14) Control group (n = 10) Mann-Whitney
D Wilcoxon test S D Wilcoxon test S U test
Orthodontic cast measurements
1. Maxillary intermolar width 5.6 o 1.9 0.4 * 0.3 Tt
2. Maxillary intercanine width
Quad-helix (n = 9) 3.1 o 1.9 0.7 * 0.5 Tt
Control (n=7)
3. Mandibular intermolar width 0.3 1.1 0.1 0.2
4. Mandibular intercanine width
Quad-helix (n = 11) 0.1 0.6 0.2 * 0.2
Control (n = 8)
Frontal cephalometric measurements
5. 60Axial inclination 9.7 * 4.4 1.3 2.0 Tt
6. [6 Axial inclination 9.5 % 5.5 0.2 2.8 Tt
7. Maxillary intermolar width -18.5 b 6.3 -15 34 Tt
8. Maxillary apical base width 14 ki 1.2 0.1 0.2 Tt
9. Nasal width 0.6 ki 0.4 0.4 0.3
Lateral cephalometric measurements
10. SNA 0.2 0.7 0.0 0.4
11. SNB 0.1 1.3 -0.2 0.4
12. ANB 0.2 1.2 0.1 0.6
13. SN/GoGn 0.0 1.6 0.2 0.8
14. Maxillary incisor/SN 0.8 1.9 -0.1 0.7
15. Maxillary incisor height 0.4 * 0.5 0.1 0.6
16. Maxillary molar height 0.3 1.0 0.5 0.7
17. Duration 0.6 0.2 0.7 0.2

Wilcoxon test: P < .05; **P < .01.
Mann-Whitney testP < .05; T < .01; t1 < .001.

the average period of treatment was 1.2 years in the because of expansion plate treatment but, to a greater
expansion plate group and 0.6 year in the quad-helix extent, because of quad-helix treatment. In other words,
group. If the expansion plate had an effect on the buccal tipping was observed.
increase in mandibular intercanine width, a significant Tables Xl and Xll demonstrate a significant
difference would be expected when the changes in the decrease in the maxillary intermolar angle in the
two treatment groups in an average period of 0.6 year expansion plate group, both in 0.6 year and 1.2 years.
were compared (Table Xl). If the quad-helix group had However, comparing the expansion plate group with
been observed for 1.2 years, it would have been quite the control group demonstrates that this decrease in the
unlikely for a significant difference between the groups value is not statistically significant or, in other words,
to be found. was not due to expansion plate treatment. In the quad-
In the expansion plate group, significant increases helix group, a significant decrease due to treatment was
were observed in the inclination of the maxillary left observed in this angle within a span of 0.6 year (Table
and right first permanent molars both in 0.6 year and 1.2 XIl). The comparison of the change that occurred in
years (Tables Xl and XII). However, these are not actual the two groups exhibited a significant difference. This
changes because of the treatment because no significanresult proves that the maxillary intermolar angle
differences in these parameters were found between thedecreased because of the quad-helix treatment. The
groups in the expansion plate group and the control buccal tipping in the maxillary first permanent molars
group. On the other hand, in the quad-helix group sig- under the influence of the quad-helix appliance
nificant increases were measured in the inclination of resulted in a decrease in the maxillary intermolar
the maxillary left and right first permanent molars in a angle. Boysen et af, who compared the effect of the
span of 0.6 year (Table Xll). The comparison of the quad-helix appliance and expansion plates, reported
changes that occurred in the two groups exhibited a sig- that the quad-helix appliance changed the inclination
nificant difference. This result shows that the inclination of the maxillary first permanent molars only slightly,
of the maxillary first permanent molars increased not whereas a considerable tipping in the teeth was
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Table XI. Evaluation of the difference between the two treatment methods by comparing the changes in the quad-helix
and expansion plate group with a mean 0.6 year

Expansion plate group (n = 13) Quad-helix group (n = 14)
Expansion Expansion Quad-helix Expansion plate
plate plate & control Quad-helix &control & Quad helix
D \Wilcoxontest S West D  Wilcoxon test S U test U test
Orthodontic cast measurements
1. Maxillary intermolar width 1.8 o 1.0 Tt 5.6 ok 1.9 Tt Tttt
2. Maxillary intercanine width
Quad-helix (n =9) 15 * 0.8 T 31 bl 1.9 Tt
Expansion plate (n = 10)
3. Mandibular intermolar width 0.1 0.5 0.3 11
4. Mandibular intercanine width
Quad-helix (n = 11) 0.4 * 04 0.1 0.6
Expansion plate (n = 12)
Frontal cephalometric measurements
5. 6JAxial inclination 1.7 * 25 9.7 bl 44 Tt Tt
6. (6 Axial inclination 2.3 * 2.9 9.5 o 55 Tt Tt
7. Maxillary intermolar angle -4.0 * 4.9 -18.5 il 6.3 Tt Tttt
8. Maxillary apical base width 0.5 * 0.6 T 14 ** 1.2 Tt T
9. Nasal width 0.2 b 0.2 0.6 ok 0.4
Lateral cephalometric measurements
10. SNA 0.1 0.6 0.2 0.7
11. SNB 0.2 04 T 0.1 13
12. ANB -0.1 0.6 0.2 1.2
13. SN/GoGn 0.1 0.3 0.0 1.6
14. Maxillary incisor/SN 0.8 15 0.8 1.9
15. Maxillary incisor height 0.4 * 0.5 0.4 * 0.5
16. Maxillary molar height 0.3 * 0.5 0.3 1.0
17. Duration 0.6 0.0 0.6 0.2

The changes in the expansion plate group have been calculated by devaluating to 0.6 year.
Wilcoxon test: P < .05; **P < .01.
Mann-Whitney testP < .05; TP < .01; t1P < .001.

observed because of the expansion plate. The quad-be the result of the activation of the appliance, which
helix appliance used by Boysen ét*alas made of 0.9 was done only once at the start of the treatment. This
mm blue Elgiloy wire and soldered to molar bands. allowed time for the buccal root torque effect on the
Urbaniak et af? who conducted an in vitro investiga-  maxillary first permanent molars.

tion on the effect of the wire type and diameter on the Table Xl exhibits a statistically significant differ-
force exerted by the quad-helix appliance, showed that ence between the increases in maxillary apical base
the force exerted by the appliance would decrease aswidth in the expansion plate and quad-helix appliance
the diameter of wire decreased. The investigators did groups within a span of 0.6 year. Table XII, on the
not find any difference between the blue Elgiloy and other hand, exhibits a statistically insignificant differ-
stainless steel wire appliances in terms of the amount ence between the increases in maxillary apical base
of force exerted. As was mentioned above, Boysen et width in 1.2 years in the expansion plate group and in
al'* used a 0.9 mm blue Elgiloy quad-helix appliance, 0.6 year in the quad-helix group. The insignificant dif-
whereas the one used in the present investigation wasference between the groups (shown in Table Xll) is a
made of a 0.9 mm stainless steel wire. Given that the consequence of the fact that the average treatment
two appliances are the same diameter and there is noperiod in the expansion plate group was twice the aver-
difference in the forces exerted by two different types age treatment period in the quad-helix group. If the
of wires2? the reason why a smaller increase with the quad-helix group had been observed for 1.2 years, a
guad-helix appliance in the inclination of the maxillary significant difference between the groups would have
first permanent molars was found in the investigation been observed as well.

by Boysen et &f than in the present investigation, may Similarly, Frank and Engé! reported an increase
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Table XII. Evaluation of the difference between the two treatment methods by comparing the changes in the expan-
sion plate group with a mean 1.2 years with the changes in the quad-helix group with a mean of 0.6 year

Expansion plate group (n = 13) Quad-helix group (n = 14)
Expansion Expansion Quad-helix Expansion plate
plate plate & control Quad-helix & control & Quad helix
D  Wilcoxontest S U test D  Wicoxontest S U test U test
Orthodontic cast measurements
1. Maxillary intermolar width 3.9 il 21 Tt 5.6 * 1.9 Tt T
2. Maxillary intercanine width
Quad-helix (n =9) 29 ok 11 T 31 o 19 T
Expansion plate (n = 10)
3. Mandibular intermolar width 0.3 1.0 0.3 11
4. Mandibular intercanine width
Quad-helix (n = 11) 0.9 * 0.9 0.1 0.6 T
Expansion plate (n = 12)
Frontal cephalometric measurements
5. 6JAxial inclination 34 * 52 9.7 fd 4.4 Tt Tt
6. [6 Axial inclination 45 * 6.2 9.5 i 55 Tt T
7. Maxillary intermolar angle -79 * 10.0 -185 i 6.3 Tt Tt
8. Maxillary apical base width 11 * 14 14 * 12 Tt
9. Nasal width 0.5 hid 0.4 0.6 ki 0.4
Lateral cephalometric measurements
10. SNA 0.0 11 0.2 0.7
11. SNB 0.4 1.0 0.1 13
12. ANB -0.4 1.0 0.2 12
13. SN/GoGn 0.1 0.7 0.0 16
14. Maxillary incisor/SN 1.8 34 0.8 19
15. Maxillary incisor height 1.0 * 12 0.4 * 0.5
16. Maxillary molar height 0.7 * 1.0 0.3 1.0
17. Duration 1.2 0.3 0.6 0.2

Wilcoxon test: P < .05; **P < .01.
Mann-Whitney testP < .05; TP < .01; t1P < .001.

in maxillary apical base width because of the quad- no occlusal radiographs were taken in our investiga-
helix appliance. Bell and Lecompi@,on the other tion, it would not be appropriate to say that the increase
hand, observed that sutura palatina media opened onin the maxillary apical base width observed in the
the occlusal radiographs taken at the end of the treat- quad-helix treatment is a consequence of the opening
ment of individuals with posterior crossbhite treated in sutura palatina media. Still, the increase in the max-
with quad-helix appliance. The issue of the extent in illary apical base width can be thought to be related to
which horizontal growth of the maxilla may be because a stimulus of the sutura palatina media.

of the growth in sutura palatina media and to what

extent it may be because of the bone apposition on the CONCLUSION

external surfaces is widely disputed. S¥attaims that In this investigation, dentally maxillary intermolar
sutura palatina media is an active point of growth in the width and intercanine width have been found to
prenatal period but that it is not known exactly whether increase as a result of treatment with expansion plate
there is growth in this sutura after birth. Latt¥8m  after a period of approximately 1.2 years. Dentally
reported that no histologic evidence shows that there is maxillary intermolar and intercanine widths and axial
active growth in sutura palatina media after the ages of inclinations of maxillary first molars have increased
2 or 3. However, Bjork and Skiel@have proven by while the intermolar angle decreased with quad-helix
their implant studies that the growth in sutura palatina appliance. Skeletally maxillary apical base width has
media was the most important factor in the horizontal increased with the quad-helix appliance after a treat-
growth of the maxilla. In addition, Mels&hshowed in ment period of 0.6 year.

her histologic study that the growth in sutura palatina It was observed that transverse expansion was
media continued until the postpubertal period. Because achieved by both the expansion plate and the quad-
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helix appliance. However, the period of treatment was
1.2 years for the expansion plate and 0.6 year for the
guad-helix appliance. Although posterior crossbite was
corrected by the quad-helix appliance in a fairly short
period of time, the appliance caused considerable buc-
cal tipping in the maxillary first permanent molars. If
the quad-helix appliance, with its lock and key mecha-
nism, is to be preferred for its shorter period of treat-
ment and its greatest advantage of not requiring patient
cooperation, we consider it more appropriate to reduce
the activation degree of the appliance. This should be
done in order to prevent undesirable buccal tipping in
the maxillary first permanent molars and to activate the
retention loops of the quad-helix appliance, which are
soldered to the palatinals of the maxillary first perma-
nent molar bands, in such a way as to allow for buccal
root torque movement in the molars.
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