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INTRODUCTION 

Class III malocclusion can result from a 
deficient maxilla which accounts for 18% of the 
recorded cases, excessive mandible that represents 
the majority of cases (52 %) or both .1-3 It is also 
characterized by maxillary teeth protrusion and 

mandibular teeth retrusion .4,5 A high prevalence of 
class III 23% is found in Asian population 6,7 while 
a lesser percentage (5 %) exist among Caucasians.8,9

Various treatment protocols have been 
introduced for class III treatment based on the 
etiological factor. Maxillary protraction 10,11 and 
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ABSTRACT
Objective: This study was conducted to evaluate the dento-skeletal effects of hard and soft chin 

cup in treatment of class III cases. Also, their effect on the skin of the chin was assessed.

Methods: The sample consisted of fifty five growing children and was randomly allocated 
into three groups. In group 1 (n=22) hard chin cup applying 300 g force/side was used, group 2 
(n=22) soft chin cup was utilized, while in group 3 (n = 11) no treatment was performed. Lateral 
cephalograms were taken for all participants before and after 12 months of treatment. The skin 
of the chin was evaluated using Skin Irritation Index (SII). Cephalometric data was statistically 
analyzed using one-way ANOVA and Tukey test while Chi-square test was utilized to evaluate the 
SII.

Results: There were significant reduction in SNB, 1-MP angles and Ar-Go and an increase in 
the ANB, SN-MP angles, Wits appraisal and N-Me measurements in the treatment groups compared 
to control group (P ≤ 0.05). In addition, 1-MP angle was significantly decreased with soft chin cup 
than the hard chin cup (P ≤ 0.05). Erythema of the skin was the common effect for both chin cup 
type. There was no significant differences between hard and soft chin cup (X2 =2.59, P=0.28) 
although laceration was grater with hard chin cup.

Conclusions: Hard and soft chin cups are effective in treatment of class III malocclusions. 
Erythema of the chin skin was the main effect of both types and lacerations were greater with hard 
chin cup.
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functional appliances12,13 were advocated for those 
having a maxillary deficiency. While chin cup is the 
treatment choice for mandibular excess patients.14,15

Chin cup is considered a popular choice since its 
utilization in the 19th century till now. The rationale 
behind its use is to improve the anteroposterior 
relationship between maxilla and mandible through 
applying force on the mandible to restrain its growth. 
A downward and backward rotation of the mandible, 
mandibular growth inhibition, condylar growth 
restriction or redirection, temporomandibular joint 
remodeling, a decrease of gonial angle, and lingual 
tipping of the lower incisors are the frequent finding 
with the chin cup. 16,17 Stability after chin cup 
treatment depends on many factors, such as genetic 
influence, growth, age, family history and patient 
cooperation.18 

Meanwhile, there are a lot of controversies among 
the chip cup usage such as early treatment or late 
with a wide range of 5-13 years 19, amount of force 
light versus heavy 20, wearing time ranging from 8 
to 18 hours 15,17  as well as the utilization of chin cup 
alone or in conjunction with other appliances such 
as inclined plane10 or maxillary expansion.21-23  

Two types of chin cups are available; hard and 
soft.  The hard one is rigid made of polyamide, 
padded and air permeable. Soft chin cup is elastic, 
made of synthetic cloth, porous and air permeable. 
However insufficient data in the literature are 
available comparing their effects on the underlying 
structures. Therefore the aim of this study was to 
compare the dental and skeletal effects of the hard 
or soft chin cups in class III patients and evaluating 
their effects on the underneath chin skin.

MATERIAL AND METHODS 

Study population

This trial design was a 3 parallel arms randomized 
active controlled clinical trial with the ratio group1: 
group2: group 3 (control) = 2:2:1. No changes were 
done to the trial after commencing. The following 
inclusion criteria were applied: growing patients 

with skeletal Class III malocclusion (ANB angle 
less than 1 degree) due to mandibular excess (SNB 
angle ≥ 80 degrees), SN-MP = 35+ 2 degrees and 
an anterior crossbite. Exclusion criteria included 
extracted, missing, supernumerary teeth, previous 
orthodontic treatment, temporomandibular joint 
dysfunction and craniofacial anomalies. Sample size 
was calculated through (http://powerandsamplesize.
com/Calculators/Compare-2-Means/2-Sample-
Equality) at alpha error = 1% and study power= 90% 
indicated eighteen patients in groups 2 & 3 and 9 
patients in control group. This number was increased 
by 20% to make up for loss through follow-up over 
one year period. Thus, the numbers in the group 1, 
2 and 3 were 22, 22, and 11 with a total sample size 
of 55 (29 boys and 26 girls). Skeletal status was 
evaluated through hand wrist x-ray and confirming 
that all patients were in the cap stage and the crest of 
pubertal growth spurt did not elapse. Randomization 
was accomplished by using the “Random Allocation 
Software” (http://mahmoodsaghaei.tripod.com/
Softwares/randalloc.html# Random Allocation 
Software). The allocation sequence was concealed 
with sequentially numbered, opaque, sealed and 
stapled envelopes that kept with a research assistant 
who was not involved in treatment and measuring 
the outcome. At the beginning, thirty-three patients 
were allocated into 3 equal groups of 11 each. 
Subsequently, twenty-two patients were allocated to 
groups 1 and 2. Twenty-two patients (12 boys and 10 
girls) represented group 1 while group 2 contained 
22 patients (11 girls and 11 boys), and group 3 
involved 11 patients (6 boys and 5 girls). After 
the patient was assigned in the trial, the research 
assistant opened the next consecutive opaque 
envelop and revealed the treatment allocation to the 
operator. All patients and their parents are informed 
about the study and agreed to participate.

Chin cup application 

At the beginning of treatment, the mean ages 
for children in group 1, 2 and 3 were 10.4, 9.6, and 
10.1 years respectively. A hard chin cup (744-613-
00, Dentaurum, Ispringen, Germany) with short 
hooks was utilized in group 1,  while a soft chin 
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cup (744-614-00, Dentaurum, Ispringen, Germany) 
was used for children in group 2.  All patients in 
groups 1 and 2 received an acrylic bite plane on the 
lower posterior teeth to free the occlusion. A 300 g 
force per side in occipital direction was applied for 
all participant and was monitored by a force gauge 
(Correx Co, Bern, Switzerland). A minimum of 14 
hours /day appliance’s wearing time was requested 
for all patients. Group 3 represented the control 
group where no treatment was done. These patients 
will receive another treatment later. After three 
months of treatment two boys dropped out from 
the study, one from group 1 (moved to another city) 
and the other one was from group 2 (cooperation 
reason).  The final number for analysis was twenty-
one patients in group 1 and 2. 

Outcome measurement

Lateral cephalograms were obtained for all 
children in a centric occlusion position before the 
treatment and after 12 month treatment period. 
Film magnifications were standardized at 8%. Then 
cephalometric films were traced. Landmarks and 
measurements used in this study to evaluate skeletal 
and dental changes are illustrated (Figure 1).20,24  
Thirty randomly selected cephalometric films were 
retraced after 20 days to assess the method errors. All 
the tracings were done with the second investigator 
who was not aware of treatment allocation. 

Skin Irritation Index determination

Clinically, the skin of the chin for all patients 
in all groups was evaluated during the treatment 
period for any erythema or laceration using SII. It 
was given a score from 0 to 2. A score 0 indicated no 
erythema (redness of skin) or laceration (disruption 
of skin).25  Score 1 was given if there was erythema, 
and score 2 if there was any laceration.  The skin 
was evaluated by a third investigator who also was 
blind to the treatment allocation.   

Statistical Analysis:

Statistical analysis of the data was carried out 
using SPSS 20 (Chicago, IL, USA). 

Dahlberg’s formula was applied to assess the 
method errors. One way Analysis of Variance 
(ANOVA) and Tukey test was utilized to detect 
significant between-group differences for all 
cephalometric variables. Chi-square test was 
utilized to evaluate the SII for the studied groups. 
All results are significant at P ≤ 0.05. 

RESULTS

There was no significant difference between 
the first and second tracings of the same film and 
the method errors were less than 1 mm and 1˚ for 
both linear and angular measurements. Clinically, 
both hard and soft chin cup usage resulted in 
anterior cross bite correction in all treated patients  
(Figure 2).

Means and standard deviations of the 
pretreatment cephalometric measurements in 
the three studied groups were presented in Table 
1 while those of post-treatment cephalometric 
changes are presented in Table 2. ANOVA test 
revealed there were no significant differences in 
post-treatment cephalometric changes between the 
three studied groups in SNA, Ar-Me, Go-Me, Ar-
Go-Me and 1-SN measurements (P≥0.05) while 
there was a significant difference between the other 
measurements (P≤0.05). According to Tukey test, 
there was a significant reduction in SNB, 1-MP 
angles and Ar-Go and a significant increase in the 
ANB, SN-MP angles, Wits appraisal as well as N-Me 
measurements in the treatment groups compared to 

Fig. (1) Cephalometric points and  measurements.
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non-treated one (P ≤ 0.05).  In addition, the decrease 
in 1-MP angle was significantly greater in soft chin 
cup group than the hard chin cup group (P ≤ 0.05). 

Regarding the effect of chin cup type on the skin 
of the chin, Chi-square test (Table 3) revealed signif-
icant differences between the three studied groups 
(X2= 28.8, P<0.001). Additionally, no significant 
difference was found between hard and soft chin 
cup p= 0.34. However, laceration was greater in the 
hard chin cup group (Figure 3). On the other hand, 
erythema was the dominant effect in soft chin cup 
group (X2 =8, P=0.018).

Fig. (2) Pre and posttreatment intraoral photographs of patient utilized chin cup 

Fig. (3) Laceration in skin underneath the chin cup.

TABLE (1) Means and standard deviations (SD) of the pretreatment cephalometric measurements for the 
three studied groups.

Measurements Group 1
(Hard chin cup)

Group 2
(Soft chin cup)

Group 3
(control)

Means ± SD Means ± SD Means ± SD
SNA 81.33 + 0.65 81.33 + 0.57 82.09 + 0.70
SNB 80.95 + 0.49 81.04 + 0.66 81.45 + 0.52
ANB 0.38 + 0.74 0.52 + 0.81 0.63 + 0.50
Wits -5.85 + 0.72 -6.28 + 0.78 -6.27 + 1.0

Ar-Me 91.04 + 2.22 90.28 + 2.28 93.09 + 2.34
Ar-Go 36.76 + 1.09 35.95 + 1.35 37.09 + 1.13
Go-Me 66.28 + 1.73 65.47 + 1.50 66.81 + 1.47

Ar-Go-Me 128.95 + 2.31 129.85 + 2.45 127.63 + 1.56
N-Me 115.90 + 2.50 116.47 + 2.46 116.90 + 2.07

SN-MP 34.66 + .91 35.04 + 1.07 34.54 + 1.21
1-SN 98.76 + 4.28 99.33 + 4.30 98.90 + 3.85
1-MP 89.66 + 3.03 90.33 + 2.93 88.63 + 2.90
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TABLE (2)  Means and standard deviations (SD) of post treatment Cephalometric measurements changes for 
the three studied groups and results of Tukey test.

Measurements

Group 1
(rigid chin cup)

Group 2
(elastic chin cup)

Group 3
(control)

Means ± SD Means ± SD Means ± SD

SNA 0.19 + .40A 0.23 + 0.43A 0.18 +  0.40A

SNB -.1.57 + .50A -1.52 + 0.60A 0.36 + 0.50

ANB .1.76 + .70A 1.76 + 0.83A -0.18 + 0.75

Wits 3.47 + .67A 3.71 + 1.05A -0.18 + 0.40

Ar-Me 1.19 + .51A 0.95 + 0.66A 1.45 + 0.82A

Ar-Go -0.47 + 0.51A -0.61 + 0.66A 0.81 + 0.40

Go-Me 0.80 + 0.40 A 0.90 + .43 A 0.81 + 0.40 A

Ar-Go-Me 0.71 + 0.46A 0.95 + .49A 0.90 + 0.30 A

N-Me 3.28 + 1.23A 4.04 + 1.43A 1.45 + 0.68

SN-MP 1.38 + 0.49A 1.47 + 1.07A 0.63 + 0.50

1-SN 0.85 + 0.47A 0.90 + 0.53A 0.81 + 0.40 A

1-MP -2.28 + 0.90 -3.61 + 1.07 0.18 + 0.75

Means with the same superscripted letters in each row are not significantly different at P≤ 0.05

according to the Tukey test. 

TABLE (3)  Skin of the chin evaluation index and the results of Chi-square test.  

Control
N=11

Hard chin cup
N=21

Soft chin cup
N=21

Index

(%)N (%)N (%)N 

10011(19)4(23)50

00(47.7)10 (61.9)131

00(33.3)     7(14.3)32

X2   =2.59
P=0.28

X2   =8
P=0.018

Chi-square within each 
group

P<0.001
P= 0.34 

X2   =28.8
Overall chi-square
Soft versus Hard 

 0 =no effects, 1 = redness, 3= laceration.
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DISCUSSION

In this study, equal amount of force was applied 
(300 g) through soft and hard chin cup in order to 
evaluate the effect of chin cup type/material on de-
livering the force to the chin. The  he same force 
magnitude (300 g)  In the treatment groups, there 
was a significant decrease in SNB angle compared 
to the untreated control group indicating a restrain-
ing mandibular growth action or/and a clockwise 
rotation of the mandible. The mandibular growth 
restriction after extraoral force application may re-
sult from the combination of morphologic chang-
es in TMJ as well as remodeling of the mandible 
through apposition/resorption changes in the con-
dyle.15  Meanwhile, the clockwise rotation of the 
mandible resulted in a significant increase in both 
anterior facial height (N-Me) and mandibular plane 
angle (SN-MP) in the treated groups. These findings 
are in line with earlier investigations.9,14,18,20,26

A significant decrease in the mandibular ramus 
height (Ar-Go) was noticed in patients wearing chin 
cup despite its type compared to the control group. 
This reduction might be explained by the effect of 
posterior superior orthopedic force provided by oc-
cipital –pull head cap that induces pressure at the 
condylar superior border and alters the mandibu-
lar vertical growth.23,26 Similar findings were re-
ported in previous studies.9,27 These findings were 
in contrast to those of other authors, who found an 
increase in ramus height and attributed it to the for-
ward bending of the condylar head .15,26,28 The man-
dibular length (Ar-Me) and gonial angle (Ar-Go-
Me) exhibited no marked alterations between the 
treatment and the control group. These findings are 
in agreement with previous studies.9,20,26,29  On the 
other hand, it was in contrast to that Altuĝ et al. and 
others.30,15,17 Such controversy could be attributed 
to the difference of chin cup treatment protocols or 
sample size and gender.

In this study, there was no significant changes in 
the mandibular corpus (Go-Me) between the three 

studied groups. This could be attributed to utiliza-
tion of heavy forces for longer periods might be 
needed. In addition, it is impossible to load the en-
tire condylar surfaces and the line of force is usu-
ally below the ideal one which may result in a more 
mandibular rotation than restricting mandibular 
growth.23 Ücüncü et al. reported similar results al-
though Mitani and Fukazawo found significant re-
tardation in the mandibular body length after using 
chin cup.26,28

Regarding the anteroposterior maxillary move-
ment, SNA angle showed no difference between the 
treatment groups and the control one. A matched re-
sults were reported in former investigations. 9,13,20,26,28  
In contrast, Gokalp and Kurt verified that the utili-
zation of chin cup led to a significant increase in 
the SNA.15 They referred the increase in the antero-
posterior movement of the maxilla to the anterior 
cross bite correction. However, chin cup therapy   
extended for 19 months in their study compared to 
12 months in the current study. 

Patients treated with chin cup in this study ex-
pressed a significant improvement of class III rela-
tionship of the maxilla to the mandible proved by an 
increase in both ANB angle and Wits appraisal. The 
mandibular clock wise rotation and anterior facial 
height increase are together advantageous in class 
III treatment. Similar findings were reported in oth-
er researches.9,13,20,26,28 However, the greater increase 
reported with Altuĝ et al. was reflecting the effect 
of personalised treatment philosophy developed in 
this study.30 

The results also revealed a significant reduction 
in the inclination of the lower incisors in the two 
treatment groups in comparison to the control one.  
In addition, utilization of soft chin cup led to signifi-
cantly more lingual inclination than the hard chin 
cup. This finding was the only difference between 
the two types of chin cup. Although chin cup ap-
plied the force to the chin rather than the teeth it 
migrates upward toward the lower lip pressing on 
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the lower incisors leading to a lingual inclination of 
the lower incisors. This upward migration could be 
more with the soft chin cup could resulting in more 
pressure on the lower incisors and subsequently 
more lingual tipping than with the hard one.23 

In this study, the authors developed the Skin 
Irritation Index to evaluate the effect of chin cup on 
the skin underneath.  Results of the current study 
revealed that chin cup application either hard or soft 
was associated with skin irritation manifested by 
erythema and/or laceration (Table 3). Erythema was 
the dominant effect for either soft or hard chin cup. 
However, laceration (Figure 3) was greater in hard 
chin cup group and no significant differences were 
found between soft and hard chin cup. Interestingly, 
development of skin laceration in some patient 
was associated with negative reaction on patient 
cooperation. Patients those suffered from erythema 
or laceration was referred to the specialist and had 
the proper medication and instructed to quit wearing 
the appliance until healing occurred. However, 
the period of appliance removal to ensure proper 
healing of the skin underneath the chin cup did not 
exceed 14 days in both treatment groups. Hard chin 
cup did not have the similar contour of the chin and 
hence the force could be concentrated in certain 
areas resulting in more aggressive reaction of the 
skin. On the other hand, the soft chin cup follows 
the chin contour resulting in an equal distribution of 
the force over the chin.  

CONCLUSIONS

Hard as well as soft chin cup are effective 
methods in the treatment of class III malocclusions. 
Both types of the chin cup have almost the same 
dental and skeletal effects. The soft chin cup 
produces more lingual tipping of the lower incisors. 
Erythema of the skin underlying the chin cup was 
the dominant effect of both types and lacerations 
were greater with hard chin cup than the soft one.
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