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ABSTRACT

بعد  السفلي  الرحى  لخلف  السفلي  الفك  فراغ  لتقييم  الأهداف:  
العلاج باستخدام قناع الوجه وفترة المتابعة.

الطريقة: أجريت دراسة بأثر رجعي خلال الفترة من مايو وسبتمبر 
بعد  ما   ،  )T1( السابقة  العلاجات  على  العينة  اشتملت  2014م. 
العلاج )T2( ، و فترة المتابعة T3 )3( والأشعة البانورامية لـ 19 مريضًا 
بالهيكل العظمي والأسنان من الفئة III )7 أناث، 12 ذكر؛ متوسط 
العمر: 10.5 سنوات( استخدموا كلًامن قناع الوجه، وجهاز علوي 
داخل الفم قابل للإزالة وذلك في كلية طب الأسنان، جامعة غازي. 
تم تقييم الأقواس السفلية لكل مريض كأجزاء اليمين واليسار، أنقرة، 
تركيا. وحيث أن الأضراس الثالثة كانت غائبة خلقيًا في ثلاثة أجزاء 
، فقد تم تقييم إجمالي خمسة وثلاثين مقطعًا. كان متوسط وقت 
تقييم  تم  سنة.   2.4 المتابعة  فترة  متوسط  كان  واحدة.  سنة  العلاج 
الثالثة،  السفلية  الرحى  من  الأسنان  تموجات   ، الزعانف   ، المواقف 
ثنائي  فريدمان  تحليل  استخدم   .)DJ( السفلي  الفك  ومساحات 
الاتجاه للتباين والمقارنة المتعددة وارتباط بيرسون واختبارات كاي في 

التقييم الإحصائي. واعتبرت القيمة P <0.05 مهمه إحصائياً.

فترة  في  فقط  كبير  بشكل  الأول  الضرس  تكاثف  ازداد  النتائج:  
الرحى  لخلف  السفلي  الفك  فراغ  كذلك  وازداد   .)T3( المتابعة 
الأكثر  الموضع  كان  الفترات.  ملحوظ خلال جميع  بشكل  السفلي 
تحديدًا للرحى الثالث ، حسب تصنيف وينتر، هو التكاثف الرأسي 
في جميع الفترات. ظهرت ارتباطات معتدلة وهامة بين زاوية الرحى 
الثالثه )ß( و DJ في T2 و T3. ووجدنا كذلك ارتباطات كبيرة 

بين DJ ومراحل تصنيف ديمريجيان خلال جميع الفترات.

الخاتمة:  لا يوجد أثر سلبي بالعلاج باستخدام قناع الوجه على فراغ 
الفك السفلي لخلف الرحى السفلي أثناء فترة العلاج والمتابعة.

Objectives: To evaluate the mandibular retromolar space 
after facemask therapy and a follow-up period. 

Methods: This retrospective study was conducted 
between May and September in 2014. The sample 
consisted of pre-treatment (T1), post-treatment (T2), 
and follow-up(T3) panoramic radiographs of 19 skeletal 

and dental Class III patients (7 female, 12 male; mean 
age: 10.5 years) treated with facemask and a removable 
intraoral upper appliance in the Faculty of Dentistry 
Gazi University, Ankara, Turkey. Each patient’s lower 
arches were evaluated as right and left segments. As 
third molars were congenitally absent in 3 segments, 
a total of 35 segments were evaluated. The average 
treatment time was one year. The average follow-up 
period was 2.4 years. The positions, angulations, dental 
maturations of lower third molars, and mandibular 
retromolar spaces (DJ) were assessed. Friedman’s 2-way 
Analysis of Variance, multiple-comparison, Pearson’s 
correlation, and Chi-square tests were used for statistical 
evaluation. A p<0.05 was considered as significant.

Results: The angulation of the first molar (ϒ) 
increased significantly only in the follow-up period 
(T3). Mandibular retromolar spaces were increased 
significantly during all periods. The most commonly 
determined position of the third molar, by Winter’s 
classification, was vertical angulation in all periods. 
Moderate and significant correlations were found 
between third molar angulation(ß) and DJ at T2 and T3. 
Significant correlations were also found between DJ and 
Demirjian classification stages during all periods.

Conclusion: Facemask therapy did not have an adverse 
effect on the mandibular retromolar space during 
treatment and follow up periods.
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Class III malocclusions are mostly characterized by 
either maxillary retrognathism or a combination of 

maxillary retrognathism and mandibular prognathism.1-3 
The main treatment of choice for Class III malocclusion 
in young patients is encouragement of maxillary 
advancement by facemask (FM), considering the high 
prevalence of maxillary hypoplasia.4,5 Pronounced 
forward movement of the maxilla, mandibular backward 
rotation, protrusion of upper incisors, retrusion of 
mandibular incisors, and improvement of the maxillo-
mandibular relationship occurred by FM treatment.6-8

The third molars, particularly those in the mandible, 
are the most frequently impacted teeth.9 The reasons for 
impaction may include morphology and mesiodistal 
width of teeth, unfavorable path of eruption, inadequate 
uprighting during eruption, and space in the retromolar 
region.10-12 The backward remodeling and anterior 
resorption of the ramus and the mesial movement 
of the dentition seemed to aid the available space for 
developing second and possibly even third molars in the 
posterior region.13,14 It seems reasonable to question the 
effects of various types of orthodontic treatments on the 
potential retromolar space. Few studies have evaluated 
the effect of orthodontic treatment on mandibular 
posterior space.11,15,16 Fixed orthodontic treatment 
with premolar extractions was reported to increase the 
retromolar space and decrease the rate of third molar 
impaction.11,17 A retractive orthopedic force focused 
on the mandible by the chin part of the FM caused 
mandibular incisor retrusion.4-7 In several studies, the 
effect of FM on the anterior region of the mandibular 
dentition was evaluated.4-8 In only one study, mandibular 
posterior space was evaluated at the end of orthopedic 
Class III treatment, using cephalometric radiographs.18 
In that study, it was reported that the FM did not affect 
the mandibular posterior space. However, the presence 
and position of third molars and long-term effects of 
FM on the posterior space were not assessed.18 There are 
no studies evaluating the mandibular posterior space on 
panoramic radiographs after FM treatment that include 
a long-term evaluation. 

The purpose of this retrospective study was to 
evaluate the mandibular retromolar space at the end of 
FM treatment and at the end of the long-term follow-up, 
using panoramic radiographs and by considering the 
position of third molars.

Methods. Approval for this retrospective study was 
obtained from the Ethical Committee of the Dentistry 
Faculty of Gazi University (6.11.2007/1) and all 
participants signed an informed consent agreement. 
This study was performed according the principles of 
the Declaration of Helsinki. It was conducted between 
May and September in 2014 by the Faculty of Dentistry 
in Gazi University. The sample of this study consisted of 
pre-treatment (T1), post-treatment (T2), and follow-up 
(T3) panoramic radiographs of 19 skeletal and dental 
Class III patients (7 female, 12 male) who had maxillary 
retrusion or a combination of maxillary retrusion and 
mandibular prognathism treated with a Delaire-type 
FM and a removable intraoral upper appliance. The 
mean age at T1 was 10.5 years. Each patient’s lower 
arches were evaluated as right and left segments. As 
third molars were congenitally absent in 3 segments, a 
total of 35 segments were evaluated in this study. The 
inclusion criteria were no missing, decayed, or extracted 
permanent mandibular teeth (erupted/non-erupted) 
except third molars and no history of syndromes or 
systemic diseases that could affect tooth development. 
Patients who had craniofacial deformity or syndrome, 
mandibular pathology, supernumerary teeth, history 
of dento-facial injury or previous orthodontic therapy, 
or poor image quality of panoramic radiographs were 
excluded from the study.

We applied 300 g. orthopedic protraction force from 
the hooks of the upper acrylic removable appliances. 

Panoramic radiographs were taken at the beginning 
of therapy (T1) and after Class I molar relation was 
obtained with a positive overjet (T2). The average 
duration of treatment (T2-T1) was one year, and 
follow-up period (T3-T2) was 2.4 years. 

Morita’s Veraviewepocs 2D (Kyoto, Japan) operating 
at optimum tube voltage (60-90 kV) and current 
(1-10 mA), with an effective 0.5 mm focal spot and an 
exposure time of approximately 7.4 seconds was used to 
obtain all panoramic radiographs. All radiographs were 
measured manually by the same researcher.

The positions of lower third molar were classified 
as vertical, horizontal, distoangular, mesioangular, 
transversal, and inverse, by Winter’s classification.19 As 
the eruptions of second molars were not complete at the 
beginning of treatment, positions of third molars were 
evaluated according to the first molars instead of second 
molars used in Winter’s classification in this study. 
Developmental stages of lower third molars were assessed 
using the Demirjian’s classification (Stages A-H).20 On 
panoramic radiographs, an occlusal line was drawn 
through the tips of the superior cusp of the lower first 
premolar and the superior mesial cusp of the lower first 
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molar, and the intersection of this line with the ramus 
was marked as the J point. Mandibular retromolar space 
(DJ) was measured as the distance between the J point 
and the point (D) where a perpendicular line from the 
most distal of the lower first molar intersects the occlusal 
line. A line tangent to the lower border of the corpus of 
the mandible was drawn. Long axes of the first and third 
molars were also drawn, and the following angles were 
measured: ß, third molar angulation, measured between 
long axis of the lower third molar and the mandibular 
line; ϒ, angulation of the lower first molar, measured 
between the lower first molar and the mandibular line; 
and α, measured between the long axis of the lower first 
and third molars15 (Figure 1).

Statistical analysis. The data were statistically 
analyzed by using SPSS 15.0 (SPSS Inc, Chicago, 
Ill.). Kolmogorov-Smirnov and Shapiro-Wilk tests 
were used to test of normality. According to results, 
non-parametric tests were preferred. Friedman’s 2-way 
analysis of variance were used to compare the changes of 
measurements among 3 times and when the p-value from 
the Friedman test statistics is statistically significant, 
multiple comparison test was used to know which time 
interval differs from the others.21 The results were given 
as median (minimum-maximum) in Table 1 and ratio in 
Table 2 for quantitative and qualitative variables. Fifteen 
panoramic radiographs were retraced and re-measured 
after 15 days. Cohen’s Kappa statistic  is used to evaluate 
intra-rater agreement and found 0.98 for Demirjian 
stage and 1.00 for Winter’s classification.22 Pearson’s 
correlation test was used to determine the association 
between DJ and ß angle; DJ and Demirjian stage.23 
The statistical significance of Winter’s classification 
in Demirjian stages was evaluated by Monte-Carlo 
Simulation technique for the Fisher’s chi-square 
statistic.24 A p-value less than 0.05 was considered as 
significant.

Table 1 - Treatment (T1-T2), follow-up (T2-T3), and overall (T3-T1) changes during facemask therapy.      

Variables Beginning of treatment (T1)
Median (Min.-Max.)

End of treatment (T2)
Median (Min.-Max.)

After follow-up (T3)
Median (Min.-Max.)

p-value p (T2-T1) p (T3-T2) p (T3-T1)

α (0)  38.75 (1.00 - 71.50) 35.75 (9.50-74.00) 34.00 (10.00-84.50) 0.570 NS NS NS
ß (0)   61.00 (22.50 - 91.00) 62.25 (20.50-86.50) 69.75 (12.50-91.00) 0.570 NS NS NS
ϒ (0) 96.75 (70.00 - 112.00) 97.75 (76.50-116.00) 99.75 (85.00-119.50) 0.028 0.169 0.003 0.017
DJ (mm) 17.50 (12.50 - 29.00) 20.50 (9.00-31.00) 24.50 (13.00-33.00) <0.001 <0.001 <0.001 <0.001
Demirjian staging 
of lower third 
molar

B (A-D) D (B-E) E (C-F) <0.001 <0.001 <0.001 <0.001

DJ - mandibular retromolar space; α - the angle between the long axis of the lower first and third molars; ß - third molar angulation; 
ϒ - angulation of the lower first molar; *p<0.01; NS - insignificant-no need for posthoc

Results. Based on a power analysis that showed that 
a sample size of 32 segments achieves 80% power at 
p=0.05, the sample size was increased to 35 segments 
in this study. The increase in ϒ was significant only 
for T3 (p=0.017). Mandibular retromolar spaces 
increased significantly during all periods. There were 
also significant differences in dental maturation stages 
according to Demirjian classification during all periods 
(Table 1). The percentages of angulation of the lower 
third molar during all periods are shown in Figure 

Figure 1 - A schematic drawing of the angulations of first and third 
molars. ß angle: Angulation of the third molar; ϒ angle: 
Angulation of the first molar; measured between long axis of 
the lower third molar and the mandibular line; α angle: The 
angle between the first and third molars; D: The most distal 
of lower first molar; J: The intersection of an occlusal line 
drawn through the tips of the superior cusp of the lower first 
premolar and the superior mesial cusp of the lower first molar 
teeth with the ramus DJ: Mandibular retromolar space.
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2. The vertical angulation was the most common 
position of third molars at T1 (60%), T2 (80%), and 
T3 (82.9%). The next most common position was 
found to be the horizontal angulation at T1 (28.6%), 
T2 (14.3%), and T3 (14.3%) (Figure 2). Moderate 
and significant correlations were found between DJ 
and ß at T2 (p=0.037) and T3 (p=0.024) (Figure 3). 
Significant correlations were also found between DJ 
and Demirjian classification stages during all periods 
(Figure 4). Significant correlations were determined 
between Demirjian’s stages and Winter’s classification of 
lower third molars at T2 (p=0,013)  and T3 (p<0.001) 
(Table 2).

Discussion. There are several factors affecting 
the possibility of the lower third molar impaction. 
Significant reduction in the rate of lower third-molar 
impaction in orthodontic treatment with premolar 
extractions was reported due to the increase in posterior 
space.16 However, limiting the DJ may result in the 
impaction of the third molars.25-27 Therefore, the 
posterior dental arch should be included in orthodontic 
treatment plans to achieve stable results. Only one study 
has previously evaluated DJ at the end of the FM therapy 
in Class III subjects, and this was without considering 
third molar position.18 The present retrospective study 
was performed to assess DJ after FM therapy and a 
long-term follow-up period. The positions, angulations, 
and dental maturations of lower third molars were also 
evaluated. Maxillary protraction with FM is a common 
therapy choice for skeletal Class III malocclusion due to 
maxillary deficiency.1 In the present study, all patients 
were treated with Delaire-type FM and a removable 
intraoral upper appliance, and DJ was determined 
by panoramic radiograph. Tronje et al28 reported 

Figure 3 - The correlations between mandibular retromolar space (DJ) and third molar angulation (ß). T1: Pre-treatment; T2: Post-treatment; T3: Follow-
up.

Figure 2 - The positions of lower third molar according to their 
angulation to the long axis of the first molar during periods 
regarding Winter’s classification. T1: Pre-treatment; T2: 
Posttreatment; T3: Follow-up.
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that panoramic radiographs were as reliable as lateral 
cephalograms for geometric measurements. Stramotas 
et al29 stated that elongation error in the panoramic 
radiographs is mostly due to the magnification factor, 
and if the radiographs are exposed on the same 
panoramic radiographic equipment at different times, 
the apparent lengths of the teeth remain constant. In 
this study, all panoramic radiographs were taken on 
the same cephalostate with the same magnification. 
Bouwens et al30 reported that panoramic radiographs 
provide less reliable information regarding angulations 
of the teeth. While assessing the angulations with 
panoramic images, the radiographic data should be 
combined with a detailed intraoral examination. Cone 
beam computed tomography (CBCT) was offered as a 
powerful tool for the visualization of root angulation.30 
However, it is not ethically approved to use CBCT for 
the evaluation of therapy effects.  In this study, DJ was 
increased approximately 3 mm during FM therapy and 
4.5 mm during the 2.4 years of the follow-up period. 
Tortop et al18 found a significant increase in DJ during 
FM treatment. They reported that this increase showed 
no significant difference compared to that of the control 

group. Chen et al31 reported a 1.5 mm increase per year in 
Class I patients less than 16 years old. Bjork13 found 1.5 
mm of increase in the posterior dental arch on each side 
per year until ages 14 years for girls and 16 years for boys. 
In the current study, increase in DJ during the follow-up 
period seemed to be in accordance with these previous 
studies.10,31 In this study, insignificant uprighting of 
1.3° and 7.5° in ß were found during treatment and 
follow-up periods. The tooth buds of molars have been 
reported to be generally mesially angulated during the 
initial stages of calcification and root development.32 
Longitudinal assessments show the uprighting of the 
lower third molars in the subjects without history of 
orthodontic treatment during early adolescence.32 
Richardson27 also reported that minimal uprighting 
of third molars might increase the impaction risk. In a 
recent comprehensive study, it was demonstrated that 
the rate of lower third-molar impaction was reduced 
significantly during fixed orthodontic treatment in 
extraction patients as compared with that in non-
extraction patients.16 This might be attributed to 
forward movement of the molars during closure of the 
extraction space, thereby increasing the DJ. In light 

Table 2 - According to Demirjian’s stages, the distribution of third molar’s position.

Winter’s 
Classification

Demirjian’s stages

T1 p-value T2 p-value T3 p-value

A B C D A B C D A B C D  

a 6  (46.2) 5 (62.5) 3 (75.0) 7 (70)

0.131

4 (50) 6 (85.7) 11 (84.6) 7 (100)

0.013*

1 (20) 5 (83.3) 17 (100) 6 (85.7)

p<0.001†

b 6  (46.2) 3 (37.5) 1 (25.0) 0   (0) 4 (50)  1 (14.3) 0  (0) 0 (0) 4 (80) 1 (16.7) 0 (0) 0 (0)
c 1    (7.7) 0 (0) 0  (0) 3 (30) 0   (0) 0  (0) 2 (15.4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
d 0 (0) 0 (0) 0  (0) 0   (0) 0   (0) 0  (0) 0  (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (14.3)

13 (100.0) 8 (100.0) 4 (100.0) 10 (100) 8 (100) 7 (100) 13 (100) 7 (100) 5 (100) 6 (100.0) 17 (100) 7 (100.0)

Figure 4 - The correlations between mandibular retromolar space (DJ) and Demirjian stages during periods. T1: Pre-treatment; T2: Post-treatment; T3: 
Follow-up.
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of this finding, DJ should be included in orthodontic 
treatment plans. In this study, there were no significant 
differences in ϒ during FM treatment. Though Class III 
treatments using removable appliance resulted with a 
distal tipping of mandibular first molars,33,34 in a study 
insignificant changes were reported during treatment 
with a combined FM and Alt-RAMEC protocol.33 A 
significant uprighting of the lower first molar during 
the follow-up period was observed in the present study. 
The lesser increase in DJ during the follow-up period 
could be related to the significant uprighting of these 
teeth. In this study, Demirjian’s method was used to 
determine dental age. Using this method, root and 
crown developments were evaluated in 8 stages from A 
to H.35,36 The developmental stage of the lower third 
molars was stage B at the beginning of FM treatment 
(mean age: 10.5 years). The crown formation of the 
third molar was completed (Stage D) at the end of 
the treatment (T2) and it was stage E after 2.4 years 
of follow-up (T3). Significant correlations were found 
between DJ and Demirjian classification stages during 
all periods. This finding is in accordance with the results 
of Ghougassian et al37 who reported a high correlation 
between the dental maturation stage of third molar and 
DJ. The angulation of impacted third molars is usually 
determined by visual impression based on Winter’s 
classification.19 In this study, we used this practical and 
effective classification for determination of angulation 
of impacted third molars during treatment and 
follow-up periods. The numbers of vertically angulated 
third molar were 21 at T1, 28 at T2, and 29 at T3 
periods. The number of horizontally angulated third 
molars was 10 at T1 and decreased to 5 at T3. During 
all periods, vertical angulation was the most common 
position of lower third molars, followed by horizontal 
angulation. In support of our findings, Gregory and 
Larry38 reported that normal rotation of third molars is 
expected to occur from horizontal to mesioangular and 
from mesioangular to vertical. Normando39 suggested 
retaining third molars until the end of orthodontic 
treatment. However, in mandatory situations that 
could possibly hinder orthodontic treatment, removal 
of third molars at the beginning of the treatment can be 
an appropriate strategy.39 As the findings of this  study 
showed that horizontal angulation turned to a vertical 
direction during follow-up, it could be interpreted that 
a follow-up evaluation of third molar position after 
treatment may contribute to the increased possibility 
of eruption and, in case of extraction, a less traumatic 
surgical procedure might be achieved. In this study, 
significant moderate correlations were found between ß 
and DJ at the end of the treatment and follow-up periods. 

This may be due to the increased anterior resorption of 
the ramus caused by the uprighting of the third molars. 
Growth might be attributed to the increase in DJ, so 
the lack of a control group was a limitation for this 
study. For ethical purposes, it was not possible to find a 
Class III untreated control group for such a follow-up 
period. Follow-up studies conducted using both the 
lateral cephalometric and panoramic radiographs are 
needed to show the accurate relationship between the 
DJ and impaction of lower third molars after Class III 
treatment. It should be also considered that the results 
of this study must be reevaluated after observing the 
eruption of the third molars.

In conclusion, facemask therapy did not have an 
adverse effect on the mandibular retromolar space 
during treatment and follow up period. Horizontal 
angulation of lower third molars seemed to turn into 
a vertical direction, suggesting that it might be better 
to make a surgical extraction decision after a follow-up 
period.  
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