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The purpose of this study was to analyze the treatment and posttreatment maxillary changes 
achieved with maxillary protraction therapy. The cephalometric records of 25 consecutively treated 
Chinese children with Class III malocclusions (mean age 8.4 years) were analyzed for cephalometric 
A point changes, which were then compared with an untreated, age and sex matched Class III 
control sample. A cephalometric maxillary superimposition technique was used to differentiate 
between the skeletal and the local contributions to the total A point change. Results showed that 6 
months of maxillary protraction therapy produced a mean A point advancement of 2.4 mm 
compared with 0.2 mm in the control group. Of this advancement, 75% was found to be due to 
skeletal maxillary advancement and 25% was attributed to local remodeling. Significantly less 
downward movement of A point was found with treatment compared with the controls, which could 
be related to the direction of force application. No significant differences were found in the 
horizontal and the vertical movements of A point between the treatment and the control groups 
during the 12-month posttreatment period, indicating stability of early maxillary protraction in 
patients with Class III malocclusions. (Am J Orthod Dentofac Orthop 1996;110:423-30.) 

T h e  dilemma of whether to treat the devel- 
oping Class III malocclusion early by orthopedic in- 
tervention or later by surgical means still lacks a clear 
consensus. Success of early orthopedic intervention is 
dependant on the ability to therapeutically modify the 
growing facial skeleton. Favorable changes have been 
reported with appliances such as chincup and maxillary 
protraction appliances, t-17 An important clinical ques- 
tion, however, is whether it is possible to significantly 
and permanently alter the genetic growth pattern. 4'7 

Orthopedic maxillary protraction has been increas- 
ingly advocated in the treatment of Class III maloc- 
clusions, especially those with maxillary retru- 
sion. 1'3'6'8-1°'~4-25 Several recent studies have shown that 
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maxillary retrusion contributed to a significant number 
of skeletal Class III malocclusions, either alone or in 
combination with mandibular protrusion. 26-33 

Several animal studies have shown significant for- 
ward displacement of the maxilla, accompanied by 
histologic changes in the circum-maxillary sutures 
with orthopedic maxillary protraction therapy. 1°-13'34 
Clinically, different types of maxillary protraction 
devices have been reported to be successful in 
the treatment of the developing Class III malocclu- 
sion, 3'6'8"10'14-17'19'21-24 and orthopedic maxillary expan- 
sion before protraction has been reported to facilitate 
maxillary protraction, t4-17 Though several studies have 
reported on the favorable maxillary changes achieved 
with maxillary protraction t r e a t m e n t ,  3'5"6'9'15-~7'23"24 few 
have reported on the posttreatment changes. 3'5"9'23 

The most common method of evaluating maxillary 
changes involved a cephalometric estimation of max- 
illary A point changes, and any change in A point was 
assumed to represent maxillary skeletal change. Hous- 
ton 35 discussed the local remodeling changes incident 
to maxillary incisor movement and its effect on A 
point. Several studies have reported on the incisal 
changes that result from maxillary p r o t r a c t i o n .  6'8'9'I6 

However, none of these studies have quantified the 
skeletal and local remodeling contributions to the 
measured A point change. 

Baumrind et 31.36 described a cephalometric max- 
illary superimposition technique to differentiate be- 
tween the local remodeling and the skeletal changes 
that occur in the maxilla. A similar technique described 
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Fig. 1. Hyrax rapid palatal expansion appliance with wire 
soldered bilaterally to buccal aspects of molar bands and 
extended anteriorly to canine area for attachments of elastics 
to face mask. 

FH 

FHp .... ~ A "  point 

Fig. 3. Grid used for measuring total A point change. Frank- 
fort Horizontal (FH) forms horizontal axis and perpendicular to 
FH through sella (FHp) forms vertical axis. 

Fig. 2. Face mask with adjustable anterior hooks to effect 
downward and forward direction of elastic traction to maxilla. 

by Bjork and Skieller 37 was found to be more appro- 
priate for use in growing children by compensating 
for the growth changes that occurred in the structures 
on which the superimposition was performed. 38-4° 
Nielsen, 39 when comparing three maxillary superimpo- 
sition techniques, found that the Bjork and Skieller 
technique 37 was the most accurate, and Doppel et al. 4° 
concurred with Bjork and Skieller 37 in their finding that 
the zygomatic process was the most stable structure for 
maxillary superimpositioning. 

The objective of this study was (1) to determine the 
maxillary A point changes that occur during and after 
maxillary protraction treatment in 25 consecutively 
treated patients with Class III malocclusions and com- 
pare it to an untreated Class III control sample, and (2) 
to determine the relative skeletal and local remodeling 
contributions to the total A point change, using the 
Bjork and Skieller's method of cephalometric maxil- 
lary superimposition. 

/ 
/ 

/ 
/ 

Fig. 4. Bjork and Skieller's "Structural Method" of maxillary 
superimposition. 

M A T E R I A L S  A N D  M E T H O D S  

The experimental sample consisted of pretreatment and 
posttreatment lateral cephalometric radiographs of 25 Chi- 
nese children with Class III malocclusions who were treated 
with maxillary orthopedic expansion and protraction at the 
Department of Children's Dentistry and Orthodontics, Uni- 
versity of Hong Kong. The group consisted of 9 boys and 16 
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girls with a mean age of 8.4 years (range = 6 to 12 years). 
These patients were examined and found to have skeletal 
Class III malocclusions with maxillary deficiency. Clinically, 
they all had a reverse overjet. None of the subjects had a 
history of previous orthodontic treatment. The control sample 
consisted of 25 untreated Chinese children with Class III 
malocclusions, who were matched for age, sex, and Class III 
structure with the experimental group. 

Table I compared the pretreatment skeletal structures of 
the experimental and control groups. No significant differ- 
ences were found in any of the cephalometric parameters 
tested. 

Appliances for Class III Correction (Figs. 1 and 2) 

The Hyrax rapid palatal expansion appliance was con- 
structed with bands on the posterior teeth. The bands were 
joined by a heavy wire (0.045 inch) palatally, and buccally 
this wire was extended anteriorly to the canine area and 
fashioned as a hook to receive the protraction elastics. 4~ The 
appliance was activated two turns a day (0.25 mm per turn) 
by the patient for 1 week. 

The face mask used for protraction was a one-piece 
construction with adjustable anterior hooks for elastics. Ap- 
proximately 400 gm of protraction force was delivered per 
side to the hooks in the canine region, with elastics adjusted 
to effect a downward and forward pull at 30 ° to the occlusal 
plane to minimize the counterclockwise rotation ten- 
dency. 2z'4z The patients were instructed to wear the face mask 
for at least 12 hours a day, starting after the week of 
maxillary expansion. No form of retention was used at the 
completion of treatment. 

Cephalometric Records 

Cephalometric radiographs were taken for all experimen- 
tal subjects at three time intervals, before treatment (T1), 
after 6 months of protraction treatment (T2), and 12 months 
after completion of protraction treatment (T3). Most of the 
subjects (n = 19) achieved the treatment objectives within 6 
months of protraction therapy, including correction of reverse 
overjet and Class III molar relationship. In a few subjects 
(n = 6), continued maxillary protraction was needed until 
achievement of treatment objectives. For the control sample, 
serial cephalometric radiographs were available for the simi- 
lar time intervals corresponding to the treatment and post- 
treatment periods of the experimental group. All the radio- 
graphs were taken with the same cephalometer. All tracings 
and measurements were made twice by the same operator, 2 
months apart, and the values obtained were averaged to 
reduce measurement errors. All measurements were made up 
to 0.5 mm accuracy. 

Cephalometric Error 

Cephalometric radiographs of five experimental subjects 
and five control subjects were selected at random and traced 
three times, with 1 week between each tracing to determine 
the reliability of the measurements. A reliability coefficient 
(intraclass correlation coefficient) was calculated with a 

Table I. Comparison of pretreatment characteristics 
of treatment (n = 25) and control (n = 25) groups 

Treatment group 

Mean 

Control Group 

SD Mean SD Significance 

Age 8.4 1.92 8.6 1.87 NS 
SNA 81.3 3.85 81.0 3.69 NS 
SNB 81.3 3.18 81.4 3.01 NS 
ANB 0.0 2.57 -0.3 2.67 NS 
Maxillary length 77.6 3.94 78.6 3.94 NS 
Mandibular length 104.0 5.57 106.0 6.27 NS 
Maxillary-Mandibular difference 26.6 4.23 27.t 4.86 NS 
Wits -8.1 3.43 -9.7 3.54 NS 
Mandibular plane angle 34.2 3.89 36.1 4.29 NS 

Table I I .  Reliability coefficients indicating the 
reliability of the measurements of "A" point change 

Reliability 
Variables coefficient 

Horizontal measurements 0.97 
Vertical measurements 0.83 
Horizontal measurements on maxillary superimposition 0.98 
Vertical measurements on maxillary superimposition 0.77 

repeated-measures analysis of variance as shown in Ta- 
ble II. 

Measurements on the Constructed Grid to 
Determine Total A Point Changes 

The anatomic structures and cephalometric landmarks 
that were traced and the constructed grid used for making A 
point measurements are shown in Fig. 3. The grid was 
constructed on the first cephalogram, with the Frankfort's 
Horizontal (FH) as the horizontal axis and a line perpendicu- 
lar to it, and passing through sella as the vertical axis. This 
grid was transferred to the T1, T2, and T3 tracings directly 
from the T1 cephalogram by superimposing on stable struc- 
tures of the anterior cranial base. 41 Direct superimposition on 
the T1 cephalogram instead of on the T1 tracing has been 
reported to reduce errors. 43 Perpendicular distances from the 
horizontal and vertical axes of the grid to A point were 
measured. Horizontal measurements (H1, H2, and H3) of A 
point were made perpendicular to the vertical axis of the grid 
on the T1, T2, and T3 cephalograms, respectively. Vertical 
measurements (V1, V2, and V3) of A point were made 
perpendicular to the horizontal axis of the grid. 

Maxillary Superimposition Technique to 
Differentiate Between Skeletal and Local 
Remodeling Changes 

The Bjork and Skieller's technique of maxillary super- 
imposition 37 was performed by superimposing tracings T2 on 
T1 and T3 on T2. The anterior contour of the zygomatic 
process was used as horizontal reference of superimposition 
and for the vertical reference the superimposed tracing was 
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Fig. 5. Total horizontal A point changes. 

adjusted to show equal amounts of lowering of the nasal floor 
and raising of the orbital floor (Fig. 4). Bjork and Skieller 37 
found no stable structure for vertical orientation but found 
that the amount of resorption on the nasal floor was almost 
equal to the amount of apposition on the orbital floor. The 
horizontal and vertical changes of A point, evident on 
superimposition, represented the local changes that resulted 
from localized remodeling. 41 Horizontal measurements, SH1 
and SH2, of A point were made perpendicular to the vertical 
axis on the superimpositioned radiographs T1 and T2. Hori- 
zontal measurements, SH3 and SH4, were on the T2 andT3 
superimposition radiographs. Vertical measurements, SV1 
and SV2, of A point were made perpendicular to the hori- 
zontal axis on the superimpositioned radiographs T1 and T2. 
Vertical measurements, SV3 and SV4, were on the T2 and T3 
superimposition radiographs. 

Calculation of A Point Changes During Treatment 
(T1-T2) and After Treatment (T2-T3) 

The difference in the horizontal and vertical measure- 
ments of A point from H1 to H2 (2xH1) and V1 to V2 (AV1) 
and from H2 and H3 (AH2) and V2 to V3 (zXV2) were 
calculated. Similar differences ASH1, ASV1, ASH2, and 
ASV2 were calculated for the superimpositioned tracings. 
These values represented the calculated changes between the 
time periods (T1-T2 and T3-T4) in horizontal and vertical 
A point position (Table III). 

Calculation of Skeletal and Local Remodeling 
Contributions to Total A Point Changes 

A poin t changes measured with the constructed grid 
represented the total A point changes. A point changes 
measured by the superimposition method represented the 
local remodeling changes. The skeletal contributions to the A 
point change were calculated by subtracting the local from 
the total measured A point changes (Table IV). 
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Fig. 6. Total vertical A point changes. 
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Statistical Analysis 

The mean values for the variables AH1, AV1, AH2, AV2, 
ASH1, ASV1, ASH2, and ASV2 were calculated for the 
treated and control groups. Between group differences for all 
the variables were analyzed with a multivariate analysis of 
variance and independent t test. 

RESULTS 

The reliability coefficients calculated for the differ- 
ent measurements of  A point  change are presented in 
Table II. 

Total Horizontal and Vertical Changes (Table III, 
Figs. 5 and 6) 

Significantly greater forward movement  of  A point 
was found with treatment when compared with the 
control group (AH1 = 2.4 mm vs 0.2 ram, p < 0.001). 
Significantly less downward movement  of  A point was 
found with treatment when compared with the control 
group (AV1 = 0.3 mm vs 1.0 mm, p < 0.05). 

No significant difference was found in the forward 
movement of A point between the treatment group 
during the 12-month posttreatment observation period 
when compared with the control group for a similar 
period (AH2 = 0.4 mm in both groups). No significant 
difference was found in the downward movement  of  
A point between the treatment and control groups for 
the same time period (AV2 = 1.5 m m  vs 1.4 ram). 

Local Horizontal and Vertical A point Remodeling 
Changes (Table Ill, Figs. 7 and 8) 

A significant difference was found in the local 
horizontal A point change (ASH1) between the treat- 
ment group during treatment, and the control group 
(p < 0.001). A point was found to remodel  forward 0.6 
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Fig. 7. Local horizontal A point changes. 
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Fig. 8, Local vertical A point changes. 

mm in the treatment group and backward 0.1 mm in 
the control group. A significant difference was also 
found in the local vertical A point change (ASV1) 
between the treatment group during treatment and the 
control group (p < 0.001). A point was found to re- 
model upward 0.1 mm in the treatment group and 
downward 1.1 mm in the control group. 

No significant difference was found between the 
local horizontal and vertical A point change in the 
treatment group during the 12-month posttreatment 
observation period and the control group for the same 
period of time (ASH2 =-0 .1  mm vs -0.2 mm and 
ASV2 = 1.4 mm vs 1.5 ram). In both groups, A point 
was found to remodel backward and downward. 

The local remodeling and skeletal contributions to 
the total A point change are presented in Table IV. 
During treatment 75% of the total forward movement 
of A point (1.8 mm of 2.4 ram) was due to skeletal 
maxillary protraction and 25% (0.6 mm of 2.4 ram) 
was due to localized remodeling. 

DISCUSSION 
Control Sample 

In the few maxillary protraction studies that had 
included a control sample, the experimental subjects 
were compared with control subjects with normal 
maxillomandibular skeletal relations. 6'8'9'24 In this study 
the control sample consisted of subjects who were 
closely matched for age, sex, and Class III structure 
with the treated sample (Table I). In this study A point 
was found to advance 0.2 mm in 6 months in the 
untreated Class III control sample. This is in contrast to 
the Tindlund et al. 8 and Takada et al.24 studies in which 
A point in the Class I control subjects was found to 

advance 0.8 mm and 0.7 mm in 12 months, respec- 
tively. This clearly illustrates the advantage of using a 
Class III control sample for making valid comparisons. 

Cephalometric Error 

Random errors are known to occur because of 
variations in the radiographic technique, however, with 
careful technique it has been shown to be small and 
negligible. 44'45 The largest source of error in cephalo- 
metric tracing has been shown to be from imprecision 
in landmark identification. Recommendations made for 
reducing these errors include the use of high quality 
radiographs and replication and averaging of all mea- 
surements. 35'46 In this study all radiographs were traced 
twice 2 months apart by the same operator and the 
measurements were averaged. The reliability coeffi- 
cient for the horizontal measurements of both the total 
and local A point changes was found to be high (>0.9). 
The reliability coefficient for measurements of the total 
vertical A point changes was considered acceptable 
(0.83). However, the reliability coefficient for the local 
vertical change was only 0.77. This could be attributed 
to the superimposition technique, where the vertical 
orientation for superimposition involved a subjective 
process of bisecting changes at the orbit and nasal 
floor. 

Treatment Changes 

In this study, 6 months of maxillary protraction 
preceded by maxillary expansion resulted in an aver- 
age A point advancement of 2.4 ram. Before compar- 
ing these results with others reported in the literature, 
the major variables in the different studies that could 
have influenced the treatment response should first be 
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Table III. Total horizontal and vertical "A" point changes during treatment (AH1, AV1) and posttreatment periods 
(AH2, AV2). "A" point changes because of local remodeling during treatment (ASH1, ASV1) and posttreatment 
periods (ASH2, ASV2) 

Variable Treatment group SD I Control group SD I p value 

AH1 2.4 1.2 0.2 0.8 0.000 
AH2 0.4 0.6 0.4 0.8 1.000 
AV1 0.3 1.3 1.0 1.0 0.017 
AV2 1.5 1.4 1.4 1.5 0.800 
ASH1 0.6 0.8 -0,1 0.6 0.001 
ASH2 -0.1 0.6 -0.2 0.6 0.650 
ASV 1 -4). 1 0.9 1.1 1.0 0.000 
ASV2 1.4 1.4 1.5 1.5 0.960 

For horizontal measurements, negative values indicate backward movement and positive values forward movement. 
For vertical measurements, negative values indicate upward movement and positive values downward movement. 

Table IV. Local and skeletal contributions to total "A" point changes 

Total "A" point changes 
Local Remodeling changes Skeletal changes (local and skeletal) 

Mean (ram) % total Mean (ram) % total Mean (ram) 

Horizontal changes 
Control -0.1 -50 0.3 150 0.2 
Treatment 0.6 25 1.8 75 2.4 
Control -0.2 -50 0.6 150 0.4 
Posttreatment -0.1 -25 0.5 125 0.4 

Vertical changes 
Control 1.1 1]0 -0.1 -10 1.0 
Treatment -0.1 -33 0.4 133 0.3 
Control 1.5 107 -0.1 -7 1.4 
Posttreatment 1.4 93 0.1 7 1.5 

For horizontal changes, negative values represent backward movement; positive values represent forward movement. 
For vertical changes, negative values represent upward movement; positive values represent downward movement. 

considered. These include the age of the patients, the 
use of maxillary expansion in conjunction with pro- 
traction, and the use of protraction on patients with 
repaired cleft palates. Tindlund et al. 8 reported an 
A point advancement of 1.3 mm in patients with cleft 
palate with 13 months of protraction preceded by 
maxillary expansion. Ishii et al. 6 reported an increase 
in maxillary length of 2.7 mm in noncleft patients 
protracted for 16 months with no maxillary expansion. 
Takada et al. 24 examined the effect of age on maxillary 
protraction and found a definite advantage in treating 
children in the prepubertal period, where 2.2 mm of 
increase in maxillary length was obtained in 13 months 
of maxillary protraction with no expansion. The results 
achieved in this study compare favorably with others 
reported and the protraction was achieved in half the 
time. This may be attributed to the reported beneficial 
effects of orthopedic maxillary expansion before pro- 
traction in accelerating protraction by "loosening of 
the circum-maxillary s u t u r e s .  ''14-16 

Vertical A point change was a 0.3 mm downward 
movement in the treatment group compared with 1.0 
mm downward movement in the control group. There- 

fore treatment appears to inhibit the normal downward 
movement of A point. This may be the result of the 
reported counterclockwise rotation of the maxilla as a 
result of the protraction forces .  6'8'9"24'42'47 

The maxillary superimposition technique used in 
this study resulted in the estimation of the local and 
skeletal contributions to the total A point change that 
so far has not been reported. In the treatment group the 
localized changes resulted in the forward movement of 
A point of 0.6 mm. This was probably the result of 
forward movement of maxillary incisors that has been 
reported with maxillary protraction. 6"8'17'22 In the con- 
trol group local remodeling changes caused A point to 
move backward by 0.1 mm, indicating that this area 
was resorptive as reported in the publications. 48 

In the treatment group local remodeling changes 
produced a 0.1 mm upward movement of A point, 
which was too small a change to be of any signifi- 
cance. In the control group local remodeling changes 
were found to cause a 1.1 mm downward movement of 
A point. This seems unlikely considering that the total 
downward movement of A point was only 1.0 mm. 
This would mean that the skeletal contribution would 
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have to be in an upward direction. One reason for this 
discrepancy could be related to the Bjork and 
Skieller's technique 37 that assumed an equal ratio of 
orbital floor raising and palatal floor lowering with 
growth in the superimposition. Doppel et al.4o found 
that the ratio was 1.5 to 1.0 in favor of  raising of  the 
orbital floor. This discrepancy could have resulted in 
the overestimation of  the local vertical change. This 
combined with the lower correlation coefficient for 
reliability of  measurements of  this dimension, calls for 
caution in interpreting the results in this dimension. 

Posttreatment Changes 

One year after cessation of  protraction forces, 
A point moved downward and forward by similar 
amounts in both the control and treatment groups, 
indicating that maxillary growth in the treated group 
reverted to the control level. More significantly, the 
results showed that there was no relapse in the 
achieved forward movement of the maxilla, even with- 
out the use of  any retention devices. 

In examining the local remodeling changes in 
A point during the posttreatment period, no significant 
difference was found between the treatment and the 
control groups, indicating a return to control group 
pattern of  local remodeling activity. 

Individual Variations 

The high standard deviation values for measure- 
ments in both the control and treatment groups indicate 
individual variability in growth and treatment. Indi- 
viduality in patients facial skeletal growth pattern has 
been documented in the literature reference. 49 In this 
study, variability in treatment response is shown with 
maxillary protraction. Clinicians should be aware that 
the mean values are indicative of  the trends discussed 
thus far, the importance of  individual variability as it 
relates to treatment response should be acknowledged. 
A point advancement in this sample, ranged from 0 to 
4.5 mm for the 6-month period of  treatment. It is our 
opinion that additional factors like the age of  patients' 
skeletal pattern, the person's growth potential, and 
patient cooperation are significant factors that influ- 
ence the treatment outcome. 

CONCLUSIONS 

1. Maxillary protraction treatment during the deciduous 
and mixed-dentition period resulted in a significantly 
greater forward movement of A point during the 6 
months of treatment compared with untreated controls. 

2. Of A point advancement, 75% was the result of 
skeletal maxillary advancement and 25% was due to 
local remodeling changes. 

3. The amount of vertical and horizontal movement of 
A point could be related to the direction of force 

application. The amount of local remodeling could be 
related to the incisal movement. 

4. During the 12-month posttreatment follow-up period 
no relapse of achieved maxillary changes was noted 
in the treatment group and the estimated maxillary 
changes resembled those of the control group. 
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