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The intention of this work was to study the dentoalveolar and basal jaw changes in a 
group of children (aged 5-10 years) with nonforced anterior crossbite treated with maxillary 
protraction from a face mask and to compare the changes with those found in a control group 
with normal dentoalveolar and basal maxillomandibular relationship. The data were obtained 
from lateral cephalograms of 22 children taken before treatment, after a treatment period of 
3-12 months, and after an observation period of 6 4 8  months. A group of children ( n  = 
40) with normal maxillomandibular relationship served as controls. During treatment the 
mandibular prognathism was reduced, and a positive overjet was established in 18 children. 
The changes during the observation period were generally comparable to those found in the 
control group, and thus indicated a very small relapse tendency. The posttreatment comparison 
of the groups showed fewer significant differences than before treatment, indicating that the 
treatment had a normalizing effect not only on the negative overjet but also on the general 
face morphology. 0 Maxilla; morphology; occlusion; protraction 
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Posteriorly directed forces have been used 
for decades to restrict anterior growth of 
the maxilla and to distalize the maxillary 
dentition, and the effect on both the position 
of the maxilla and adjacent bones and on the 
dentition is well described (1-5). 

The effect of maxillary protraction forces 
has received much less attention. Animal 
experiments (6-9) have shown that the 
maxillary structures may be moved ante- 
riorly but also that there is a relapse tendency 
after the active force application. 

Protraction forces in humans have been 
used occasionally throughout the years (1CL 
12). The theoretical basis for the treatment 
and an understanding of the morphologic 
response were given in the works of Delaire 
et al. (13, 14). They showed not only that 
the protraction forces resulted in a forward 
movement of the maxilla and a mesial shift 
of the maxillary dentition but also that they 
resulted in a posterior movement of the man- 
dible. Thus protraction of the maxilla by 
elastics attached to a face mask may be an 

alternative to other types of early treatment 
of class I11 malocclusion. 

The intention of this work was to study 
the dentoalveolar and basal jaw changes in 
a group of children with nonforced anterior 
crossbite treated with maxillary protraction 
and to compare the changes with those found 
in a control group with normal dentoalveolar 
and basal maxillomandibular relationship. 

Materials and methods 
The material comprised 22 children (15 girls 
and 7 boys) with a negative overjet. The age 
of the patients at the start of treatment varied 
from 5 to 10 years. An experienced ortho- 
dontist diagnosed that the anterior crossbite 
was not a result of an anterior forced bite. 

A Quad-Helix expansion device was 
attached to the second deciduous molars and 
canines with hooks for elastic bands in the 
canine area (Fig. 1). It was activated for 
expansion only in children with a crossbite 
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Fig. 1 .  The Quad Helix expansion device. 

in the lateral segments. The face mask was 
adjusted to rest against the middle part of 
the forehead and as far down on the chin as 
possible (Fig. 2). The elastic bands from the 
canine area to the mask gave a force of about 
300g on each side, and were adjusted 15" Fig. 3. Reference points. 
downward in relation to the upper occlusal 

\t tgo 1 

plane. The children were instructed to use 
the mask 12 h per day and to change the 
elastics daily. 

The treatment lasted until a positive hori- 
zontal overlapping was achieved (18 children 
treated for 3-12 months) or until the children 
had been under treatment for 12 months 
without achieving a positive overjet (4 chil- 
dren). All children were then observed for a 
period ranging from 6 to 48 months. 

The data for this study were obtained from 
lateral cephalograms taken before treat- 
ment, at the end of active treatment, and 
at the end of the observation period. The 
reference points (Fig. 3) were digitized 
twice, and the mean of the coordinate values 
was used in the calculation of the variables 
used in the study (15). 

The method error t was calculated from 
the formula 3 = Zd2/2n, where d is the 
difference between corresponding values 
obtained from double tracings on all the 22 
patients. The errors were generally small and 
comparable to those found in other cephalo- 
metric studies (11, 1620). 

The control group comprised 40 children 
(20 girls and 20 boys) with an age range of 4 

Fig. 2. Face mask with elastic bands attached to hooks to 9 years at the first &?&rvation- In this 
in the canine area. study the cephalograms were taken at the 
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first control vis'it and 12 and 24 months later. If not, a modified t test in which the variances 
All had a positive overjet and a normal basal of each population were estimated sep- 
maxillomandibular relationship (ss-n-sm 0"- arately was used. 
4"). 

Statistical methods 
Standard statistics (2, SD, xmin, xmax) 

were calculated to describe the treated group 
and the control group at the different obser- 
vations, and the same statistics were used to 
describe the changes during the treatment 
and observation periods. The changes were 
examined by a paired t test. To compare the 
different groups, a two-sample t test was used 
when the variances of the groups were equal. 

Results 
Pretreatment face morphology 

Table 1 shows that the mandible (s-n-sm, 
s-n-pg) was more prognathic in the treated 
group, the chin prominence somewhat more 
acute (pgesm-gnetgo), and the length of 
both the corpus of the mandible (pg-tgo) 
and the total mandible (pg-ar) was greater 
in the treated group. 

Table 1. Pretreatment comparison of the dentofacial morphology of the treatment 
group ( n  = 22) and the control group (n = 40) 

Treated group Control group 
(n = 22) (n = 40) 

Morphology f SD f SD t 

Cranial base 
n-s-ba 
n-s (mm) 

Maxilla 
s-n-ss 
n-s-pm 
sp . pm-n *s  

Mandibula 
s-n-sm 
s-n-pg 
gn . tgo-s . n 
n-s-tgo 
n-s-ar 
pg . sm-gn . tgo 
ar-tgo-gn 
pg-tgo (mm) 
pg-ar (mm) 

Intermaxillary 
ss-n-sm 
n-ss-pg 
gn * tgo-sp . pm 

Incisor position 
ua . is-n * ss 
n . ss-is (mm) 
la. ii-n . sm 
n * sm-ii (mm) 
ua . is-la * ii 
is-ii (hor) (mm) 
is-ii (ver) (mm) 

130.2 
64.9 

79.8 
68.3 
5.9 

79.6 
79.4 
34.9 

100.6 
120.6 
67.1 

129.0 
67.4 
94.0 

0.2 
179.2 
29.0 

19.1 
0.1 

18.7 
2.3 

142.0 
-1.9 
-5.6 

3.84 
1.88 

3.84 
3.38 
2.90 

3.09 
3.21 
4.71 
3.58 
4.36 
6.20 
5.80 
3.35 
4.62 

2.01 
4.90 
4.73 

7.36 
3.42 
5.69 
2.24 
9.35 
1.60 
6.48 

131.2 
65.9 

81.1 
67.5 
5.5 

77.4 
77.1 
34.1 
99.0 

120.9 
70.5 

129.8 
62.9 
90.0 

3.7 
171.8 
28.6 

11.0 
-0.4 
16.9 
1.1 

148.5 
2.9 
0.2 

4.57 
2.37 

3.02 
3.13 
3.02 

2.79 
2.62 
3.98 
3.76 
5.33 
4.92 
4.31 
3.48 
3.52 

2.04 
4.55 
3.74 

7.17 
1.89 
5.58 
1.57 
9.98 
1.82 
2.45 

-0.86 
-1.81 

-1.53 
0.97 
0.48 

2.79** 
3.01" 
0.67 
0.74 

-0.23 
-2.201 
-0.60 

4.92" 
3.75** 

-6.49.' 
6.01" 
0.36 

4.21** 
0.65 
1.17 
2.32* 

-2.51' 
-10.45** 
-4.06.. 

* P < 0.05. 
** P<O.Ol. 
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The ss-n-sm angle was significantly smaller 
in the treated group, and the profile (n-ss- 
pg) was straighter. 

The position and inclination of the incisors 
were also different, but that is only natural, 
since this was the criterion for the selection 
of the material. 

Changes during active treatment and in the 
control group during the same time span 

Table 2 shows the changes of the variables 
during the active treatment period. The pro- 
trusion of the mandible (s-n-sm, s-n-pg) was 
reduced, and so was the chin prominence 
( pg sm-gn tgo). The length of the mandible 
increased (pg-tgo, pg-ar). 

The ss-n-sm angle increased, and the con- 
cavity of the profile (n-ss-pg) was reduced. 

The interbase angle increased (gn. tgo- 
sp-  pm) and both the overjet (is-ii (hor.) mm) 
and overbite ( i s4  (ver.) mm) increased. The 
mean changes are shown in Fig. 4. 

Table 3 gives a comparison between the 
changes during active treatment and the 
changes during the corresponding year for 
the children in the control group. The 
anterior cranial base (n-s) increased more in 
the control group. The posterior part of the 
maxilla (n-s-pm) moved more backwards in 
the control group. In the mandible the pro- 
trusion was reduced in the treated group (s- 
n-sm, s-n-pg), and its inclination (gn - tgo- 
n - s )  increased more than in the control 
group. The length of the mandible (pg-tgo, 
pg-ar) increased more in the control group. 

The ss-n-sm angle increased more in the 
treated group, and the face convexity (n-ss- 

Table 2. Changes in craniofacial morphology during the period with active anterior 
traction (n = 22) 

Morphology d SD dmin dm, f 

Cranial base 
n-s-ba 
n-s (mm) 

Maxilla 
s-n-ss 
n-s-pm 
s .  pm-n. s 

Mandibula 
s-n-sm 
s-n-pg 
gn . tgo-n . s 
n-s-tgo 
n-s-ar 
pg * sm-gn . tgo 
ar-tgo-gn 

Intermaxillary 

pg-tgo (mm) 
pg-ar (pm) 

9n * tgo-sp ., Pm 

ss-n-sm 
n-ss-pg 

Incisor position 
ua * is-n . ss 
n.ss-is (mm) 
la - ii-n * sm 
n * sm-ii (mm) 
ua is-la . ii 
is-ii (hor) (mm) 
is-ii (ver) (mm) 

-0.2 
0.4 

0.3 
0.1 

-0.1 

-0.9 
-0.6 

0.9 
1.2 
0.0 

-2.4 
-0.8 

1.1 
0.7 

1.2 
-1.9 

1 .o 
1.9 
1.6 

-2.0 
-0.3 
-1.2 

3.4 
3.9 

1.32 -3.1 1.8 
0.88 -4.1 2.5 

1.51 -3.1 3.0 
1.76 -2.4 3.7 
1.24 -1.9 3.1 

1.12 
1.35 
1.58 
1.99 
1.80 
2.98 
2.23 
1.44 
1.13 

1.30 
2.84 
1.86 

4.80 
1.80 
4.97 
1.24 
6.62 
1.80 
4.58 

-3.5 
-3.2 
-2.9 
-3.7 
-3.1 
-8.2 
-5.1 
-1.2 
-0.9 

1 .o 
1.4 
3.9 
4.9 
4.2 
2.3 
3.8 
5.2 
3.2 

-1.2 3.8 
-7.7 3.2 
-3.3 4.2 

-8.4 8.3 
-2.1 4.9 
-9.3 8.9 
-2.3 1.8 

-14.2 12.9 
-1.1 6.1 
-0.8 12.1 

-0.73 
2.00 

0.93 
0.21 

-0.26 

-3.93'. 
-2.24. 

2.77. 
2.73. 

-0.06 
-3.73" 
-1.68 

3.54.. 
3.08'. 

4.47.. 
-3.08.. 

2.55. 

1.85 
4.11.. 

-1.90 
- 1.25 
-0.82 

8.87.' 
4.03.' 

P < 0.05. 
** P < 0.01 
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- Start  of t r e a t m e n t  _ _  - The end of a c t i v e  t r e a t m e n t  

Fig. 4. Changes in morphology during the period with 
maxillary protraction. 

pg) also increased more, as did the interbase 
angle (gn * tgo-sp - pm). 

The lower incisors were retroclined (la. ii- 
n-sm, nssm-ii) in the treated group. The 
interincisor angle (ua - is-la - ii) was less 
reduced in the treated group, and both the 
overjet (is-ii (hor)) and overbite (is-ii (ver)) 
increased more in that group. 

Changes during the observation period in the 
treated group and the control group 

The cranial base length (n-s) (Table 4) 
continued to increase during the observation 
period. The posterior part of the maxilla (n- 
s-pm) moved forward, and the inclination 
of the maxilla (sp.pm-n.s) increased. The 
prognathism of the mandible increased (s-n- 
sm, s-n-pg), whereas the chin prominence 
(pg * sm-gn * tgo) decreased. The length of 
the mandible (pg-tgo, pg-ar) increased. 

The ss-n-sm angle was reduced, and the 
skeletal profile (n-ss-pg) was straightened. 
The interbase angle (gn tgo-sp * pm) was 
reduced. 

The protrusion of both the upper (ua-is- 
n ss, n - ss-is) and lower incisors (la. ii-n * sm, 
n sm-ii) increased, and consequently the 
interincisor angle was reduced. The overjet 
(is-ii (hor) mm) was insignificantly reduced, 
and the overbite ( is4 (ver) mm) was 
increased. Fig. 5 shows the mean changes 
during the observation period. 

The changes in the treated group and the 
control group (Table 5 )  were very similar. 
The only significant differences were a 
greater anterior change of the posterior part 
of the maxilla in the treated group (n-s-pm) 
and a greater protrusion of the lower incisors 
(la ii-n - sm) in the same group. 

Postobservation morphology 
The treated group and the control group 

(Table 6) showed only a few significant dif- 
ferences. The chin prominence ( pg * sm- 
gn - tgo) was more acute in the treated group 
and the length of the mandibular corpus (pg- 
tgo) was greater. 

1 
!I 

__- The end of a c t i v e  t r e a t m e n t  .....- Post t r e a t m e n t  c o n t r o l  

Fig. 5. Changes in morphology during the observation 
period. 
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The ss-n-sm angle was smaller in the 
treated group, and the skeletal profile (n-ss- 
pg) was straighter. The incisor position did 
not differ significantly in the two groups, but 
both the overjet ( is4 (hor)) and overbite 
(is-ii (ver)) were less in the treated group. 

ACTA ODONTOL SCAND 45 (1987) 

experimental group with regard to age, sex, 
length of the observation period, and type 
of malocclusion. 

In this study it was impossible (and unethi- 
cal) to set up a control group with untreated 
malocclusions. Therefore a control group 
with normal maxillomandibular relationship 
but otherwise comparable to the treated 
group was used. This material was collected 
during the years 1964-1970, but it seems 
unlikely that this difference in time between 
the two materials should have influenced the 
results. 

The pretreatment selection of the material 
was based on a clinical diagnosis only and 
included the criterion that both patients with 
a negative overjet caused by a retrognathic 

Discussion 
An evaluation of treatment results is directly 
related to the changes during treatment but 
should in children also be related to the 
normal growth and developmental changes 
in a comparable control group. The true 
effect of the treatment can only be seen 
if the control group is matched with the 

Table 3. Changes in craniofacial morphology of the treated group (n = 22) and the 
control group (n = 40) during the period with active anterior traction 

Treated group Control group 
(n = 22) (n = 40) 

- 
Morphology d SD d SD 1 

Cranial base 
n-s-ba 
n-s (mm) 

Maxilla 
s-n-ss 
n-s-pm 
sp . pm-n . s 

Mandibula 
s-n-sm 
s-n-pg 
gn . tgo-n * s 
n-s-tgo 
n-s-ar 
pg * sm-gn . tgo 
ar-tgo-gn 
p g - w  (mm) 
P e a r  (mm) 

Intermaxillary 
ss-n-sm 
n-ss-pg 
gn . tgo-sp . pm 

Incisor position 
ua . is-n . ss 
n . ss-is (mm) 
la * ii-n . sm 
nvsm-ii (mm) 
ua . is-la * ii 
is-ii (hor) (mm) 
is-ii (ver) (rnm) 

-0.2 
0.4 

0.3 
0.1 

-0.1 

-0.9 
-0.6 

0.9 
1.2 
0.0 

-2.4 
-0.8 

1.1 
0.7 

1.2 
-1.9 

1 .o 

1.9 
1.6 

-2.0 
-0.3 
-1.2 

3.4 
3.9 

1.32 
0.88 

1.51 
1.76 
1.24 

1.12 
1.35 
1.58 
1.99 
1.80 
2.98 
2.23 
1.44 
1.13 

1.30 
2.84 
1.86 

4.80 
1.80 
4.97 
1.24 
6.62 
1.80 
4.58 

0.0 
1 .o 

-0.1 
1 .o 
0.3 

-0.4 
0.1 
0.0 
1.1 
1.1 

-2.9 
-0.4 

2.4 
2.6 

0.2 
0.4 

-0.3 

4.6 
1.1 
2.6 
0.8 

0.7 
0.9 

-7.8 

1.53 
0.71 

1.11 
1.67 
1.38 

1.04 
0.95 
1.21 
1.49 
2.36 
3.31 
2.47 
1.33 
1.65 

1.38 
2.57 
1.77 

7.50 
1.80 
5.82 
1.37 

10.91 
2.42 
2.47 

-0.49 
-2.97" 

1.30 
-2.00' 
-1.16 

-2.02' 
-2.16' 

2.48' 
0.18 

- 1.96 
0.61 

-0.55 
-3.74'' 
-4.63" 

2.82' 
-3.04" 

2.84'' 

-1.51 
0.99 

-3.15'' 
-3.19'' 

2.96" 
4.62'' 
2.86" 

* P < 0.05. 
* *  PCO.01 
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position of the maxilla and patients with a 
prognathic position of the mandible were 
included in the material. This was natural, 
since the main aim of the work was to study 
the changes in dentofacial morphology 
caused by the mask treatment of negative 
ove rj e t . 

The pretreatment comparison with the 
control group (Table 1) showed differences 
in the position and size of the mandible, 
indicating that the main reason for the nega- 
tive overjet was a prognathic position and an 
increased length of the mandible. The figures 
also indicate a somewhat retrognathic posi- 
tion of the maxilla, even though this was 
not significant. The resulting intermaxillary 
relationship was highly significantly different 
in the two groups. The mean ss-n-sm value 
was, however, positive also in the exper- 
imental group, and the standard deviation 
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showed that both patients with skeletal and 
patients with dentoalveolar deviations were 
included in the material. The incisor position 
reflected the transitional stage of occlusion 
in both groups with an increased interincisor 
angle compared with what is found in the 
permanent dentition (21). The upper incisors 
were, however, more protruded in the exper- 
imental group, thus indicating a compen- 
sation for the sagittal deviation even at this 
early age. This compensation is even more 
typical in older age groups (22). 

it has been shown (23) that transversal 
expansion of the maxilla may result in an 
anterior movement of point ss and that the 
whole maxillary complex may be movable 
up to 7-8 years of age (14). Autopsy studies 
(24) have indicated that changes in the maxil- 
lary complex as a result of orthopedic forces 
will be localized in the palatomaxillary 

Table 4. Changes in craniofacial and facial morphology after the removal of the appliance 
(n  = 22) 

Morphology d SD &in t 

Cranial base 
n-s-ba 
n-s (mm) 

Maxilla 
s-n-ss 
n-s-pm 
sp . pm-n . s 

Mandibula 
s-n-sm 
s-n-pg 
gn . tgo-n . s 
n-s-tgo 
n-s-ar 
pg . sm-gn . tgo 
ar-tgo-gn 
Pg-tgo (mm) 
pg-ar (mm) 

Intermaxillary 
ss-n-sm 
n-ss-pg 
gn . tgo-sp . pm 

Incisor position 
ua . is-n . ss 
n . ss-is (mm) 
la. ii-n . sm 
nasm-ii (mm) 
ua . is-la . i i  
is-ii (hor) (mm) 
is-ii (ver) (mm) 

0.4 
1.1 

-0.1 
1.8 
0.6 

0.6 
0.8 

-0.7 
-0.1 

0.2 
-1.3 
-0.3 

2.0 
2.8 

-0.7 

-1.3 

2.2 
1.3 
4.7 
0.9 

-6.2 
-0.4 

2.0 

I .7 

1.87 -3.0 4.6 
1.02 -0.8 3.0 

1.41 -1.9 2.2 
1.94 -1.9 5.4 
1.34 -3.1 2.6 

1.32 -1.8 3.4 
1.34 -1.1 3.7 
1.59 -3.6 2.1 
1.25 -2.5 1.9 
1.73 -2.5 5.0 
2.14 -5.3 3.0 
1.98 -4.8 4.4 
1.99 -1.0 6.5 
2.82 -1.3 12.2 

0.91 -2.2 1.1 
2.17 -2.7 5.7 
1.99 -5.0 2.4 

4.75 -4.2 11.4 
1.63 -1.6 4.3 
6.66 -6.7 18.9 
1.26 -1.0 3.4 
9.21 -22.0 11.4 
1.85 -6.3 3.0 
2.90 -1.0 8.4 

0.92 
5.10'' 

-0.18 
4.45'' 
2.09' 

2.18' 
2.77' 

-2.09* 
-0.44 

0.51 
-2.87" 
-0.80 

4.69'. 
4.71'* 

-3.38" 
3.64" 

-3.12" 

2.13' 
3.64" 
3.29'' 
3.40'* 

-3.13" 
-1.02 

3.27" 

* P<O.O5. 
* *  P < 0.01. 
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explanation is the difficulty in defining point 
ss accurately in this young age group. The 
unerupted permanent incisors tend to influ- 
ence the position of point ss anteriorly. The 
change in the inclination of the maxilla which 
has been reported by anterior traction in 
cleft-palate patients (25) was not found in 
this material. 

The changes in the mandible were greater 
than those in the maxilla and also differed 
significantly from the control group. The 
protrusion was reduced, and the increases in 
the linear dimensions were less than those in 
the control group. These findings correspond 
well with those of other workers (11,16,20). 

The treatment resulted in a posterior 
rotation of the mandible and an increase of 
the angle between the basal parts of the 

region. Experiments in monkeys with 
anterior forces of 500g (9) showed that the 
zygomaticomaxillary suture displayed the 
greatest activity during forward displace- 
ment of the maxilla. 

Other cephalometric studies have shown 
an increase in the prognathism of the maxilla 
during anterior traction treatment (11, 16- 
20). These findings were not statistically 
significant in this study, even though there 
was a slight increase in the s-n-ss angle. The 
reason may be that point n was moved ante- 
riorly together with the maxillary complex 
and would conceal the anterior movement 
of the maxilla. However, the increase in the 
distance s-n was greater in the control group 
than in the treated group, and thus this 
hypothesis has to be rejected. A more likely 

Table 5. Changes in craniofacial morphology of the treated group (n = 22) and the 
control group (n = 40) during the observation period 

Treated group Control group 
(n = 22) (n  = 40) 

- 
Morphology d SD d SD r 

Cranial base 
n-s-ba 
n-s (mm) 

Maxilla 
s-n-ss 
n-s-pm 
sp . pm-n . s  

Mandibular 
s-n-sm 
s-n-pg 
gn . tgo-n . s 
n-s-tgo 
n-s-ar 
pg * sm-gn * tgo 
ar-tgo-gn 

Intermaxillar 
ss-n-sm 
n-ss-pg 

Incisor position 
ua * is-n . ss 
n * ss-is (mm) 
la - ii-n * sm 
n * sm-ii (mm) 
ua * is-la * ii 
is-ii (hor) (mm) 
is-ii (ver) (mm) 

pg-tgo (mm) 
pg-ar (mm) 

tzn * tgo-sp : Pm 

0.4 
1.1 

-0.1 
1.8 
0.6 

0.6 
0.8 

-0.7 
-0.1 

0.2 
-1.3 
-0.3 

2.0 
2.8 

-0.7 

-1.3 

2.2 
1.3 
4.7 
0.9 

-6.2 
-0.4 

2.0 

1.7 

1.87 -0.4 
1.02 0.7 

1.41 0.0 
1.94 0.5 
1.34 0.3 

1.32 0.4 
1.34 0.6 
1.59 -0.9 
1.25 0.1 
1.73 -0.3 
2.14 -0.9 
1.98 -1.3 
1.99 1.7 
2.82 1.9 

0.91 -0.4 
2.17 1.4 
1.99 -1.1 

4.75 4.1 
1.63 1.8 
6.66 0.5 
1.26 0.4 
9.21 -4.1 
1.85 0.4 
2.90 1.8 

1.67 1.71 
1.17 1.45 

1.21 -0.03 
1.98 2.42* 
1.97 0.65 

1.14 0.58 
1.01 0.48 
1.28 0.47 
1.70 -0.59 
2.13 0.92 
2.10 -0.64 
2.33 1.63 
1.55 0.64 
1.44 1.37 

1.10 -0.73 
2.05 0.51 
1.84 -0.34 

6.35 -1.21 
1.46 -1.18 
5.25 2.64' 
1.43 1.34 
9.22 -0.81 
2.56 -1.24 
2.67 0.30 
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maxilla and the mandible, corresponding to 
the findings in other studies (14,17,20). This 
posterior rotation will also automatically 
reduce the prognathism of the mandible and 
contribute to the change of the position of 
the sm and pg points. The mean maxillary 
and mandibular changes were small. The 
outcome was, however, a significant change 
in the basal maxillomandibular relationship 
(the ss-n-sm angle increased), and an in- 
crease of the profile convexity. 

The difference in incisor position between 
the treated and the control group is most 
likely due to the treatment. The result of the 
combined skeletal and dental changes was 
the establishment of a positive overjet and 
overbite in most of the patients. It would 
be interesting to know whether there was a 
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morphologic difference between those 
responding favorably to the treatment and 
those who did not, but the material was not 
suitable for such a comparison. 

Animal studies have shown that the treat- 
ment effects on the maxilla remain stable 
(26), and the same is also reported in humans 
(17). Rune et al. (19), on the other hand, 
reported relapse in an 11-year-old boy with 
maxillonasal dysplasia treated with a face 
mask. Jackson et al. (7) found that the 
degree of relapse was negatively correlated 
to the length of stabilization. In our study no 
retention was used. During the observation 
period (Table 4) many variables changed 
significantly. Those indicating a relapse 
showed an increase of the mandibular prog- 
nathism and an anterior translation of the 

Table 6. Posttreatment comparison of the dentofacial morphology of the treated group 
(n = 22) and the control group (n = 40) 

~~ ~ 

Treated group Control group 
(n = 22) (n = 40) 

Morphology f SD f SD t 

n-s-ba 130.3 3.92 130.0 4.08 0.28 
n-s (mm) 66.3 2.28 67.7 2.94 - 1.78 

s-n-ss 80.0 4.27 81.3 3.30 - 1.25 

Cranial base 

Maxilla 

n-s-pm 70.2 3.82 68.6 3.43 1.59 
sp * pm-n . s 6.5 2.98 5.8 3.32 0.73 

s-n-sm 79.2 3.27 77.7 2.68 1.88 
s-n-pg 79.5 3.31 78.1 2.35 1.76 
gn tgo-n . s 35.1 4.91 32.8 4.15 1.87 
n-s-tgo 101.7 3.29 100.7 3.61 0.95 

Mandibular 

n-s-ar 120.8 4.14 121.2 4.80 -0.37 
pg . sm-gn . tgo 63.4 4.85 66.6 5.76 -2.16. 
ar-tgo-gn 127.9 5.81 128.1 5.04 -0.14 
pg-tgo (mm) 70.5 4.16 67.1 3.61 3.21" 
Pear (mm) 97.5 6.05 94.6 3.65 2.04 

s s - n - s m 0.8 2.39 3.6 2.19 -4.47" 
n-ss-pg 179.1 5.69 173.4 5.21 3.86.' 
gn . tgo-sp * pm 28.7 5.27 27.0 4.30 1.26 

ua . is-n * ss 23.2 7.09 19.8 6.32 1.89 
n * ss-is (mm) 3.0 2.70 2.5 2.21 0.72 
la ii-n * sm 21.4 5.87 21.1 6.86 0.17 
n . sm-ii (mm) 2.9 2.18 2.6 1.69 0.68 
ua * is-la * ii 134.6 8.77 135.6 9.94 -0.36 
i s 4  (hor) (mm) 1.1 2.11 4.0 1.91 -5.32.' 
is-ii (ver) (mm) 0.3 2.47 2.8 2.80 - 3.36' * 

* P<O.O5. 
** P<O.Ol. 

In termaxillary 

Incisor position 
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mandible. However, when compared with 
the changes of the control group during the 
same period, they were insignificant and thus 
probably reflected normal development. The 
relapse changes in a group of children with 
the same age distribution and negative over- 
jet treated with chin-cap and retractor were 
generally greater (27). 

A change indicating a long-term effect of 
the treatment was the continuous increase in 
the protrusion of the posterior part of the 
maxilla (n-s-pm). This may be caused by an 
increased sutural activity with remodeling 
due to the protraction forces. Such a hypoth- 
esis is supported by autopsy studies (24) and 
animal experiments (9). 

The only significant dental change be- 
tween the groups was a greater protrusion 
of the lower incisors in the treated group. 
This indicates a relapse of the treatment, 
but still the overjet remained positive, even 
though it was somewhat reduced. Jackson et 
al. (7) stated that the dental relapse can be 
greatly reduced by a period of stabilization. 
It is likely therefore that the clinical results 
of our study would have been even better 
and more stable after a retention period. 

An evaluation of the pretreatment and 
posttreatment morphology compared with 
that of the control group showed fewer 
significant differences after than before treat- 
ment. It therefore seems that the mask treat- 
ment had a normalizing effect not only on 
the negative overjet but also on the general 
face morphology during the period studied. 
Further studies are needed to show whether 
this positive effect will last throughout the 
rest of the growth period. 
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