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Abstract: Objective: The aim of this study was to investigate differences in effects between frame and fixed maxil-
lary protraction in the treatment of Angle class III malocclusion patients, providing theoretical basis and reference 
for clinical treatment. Methods: A total of 34 patients with skeletal Angle class III malocclusion, having not received 
any orthodontic treatment, in the Orthodontics Department of Daqing Oilfield General Hospital, were selected as 
research subjects. According to the random number table method, patients were randomly divided into an ex-
perimental group and control group, with 17 cases in each group. The experimental group adopted frame inter-
nal fixation combined with facemask appliance for treatment of maxillary protraction, while the control group was 
treated with traditional fixation combined with facemask appliance for maxillary protraction treatment. After 1 year 
of post-treatment follow ups, treatment times and number of return visits were recorded in both groups. Efficacy 
was evaluated according to results of cephalometric analysis, before and after treatment. Results: Values of angle 
between sella-nasion line and nasion-point A line, angle between Frankfurt horizontal plane and mandibular plane, 
and nasolabial angle, after treatment, in the two groups were significantly higher than those before treatment (all 
P<0.05). There were no statistical differences in improvement values of these indicators between the two groups 
(all P>0.05). Values of angle between nasion-point A line and nasion-point B line, distance from sella-nasion line 
to median mandibular point, angle between sella-nasion line and nasion-point B line, and angle between long axis 
of lower incisor and mandibular plane, after treatment, in the two groups were significantly lower than before treat-
ment (all P<0.05). There were no statistical differences in improvement values of these indicators between the two 
groups (all P>0.05). There were no statistically significant changes in cephalometric measurements and dental arch 
widths, before and after treatment, in the two groups (all P>0.05). Treatment times and number of return visits in 
the experimental group were lower than the control group. Differences were statistically significant (both P<0.05). 
Conclusion: Both frame and fixed maxillary protraction correction achieved good correction effects and obtained 
better stability. The former had less treatment times and fewer return visits. It is relatively efficient, practical, and 
worthy of clinical promotion.
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Introduction

Skeletal Angle class III malocclusion is a com-
plex facial disease, with occurrence related to 
genetic and environmental factors. Because of 
anatomical differences, it is characterized by 
mandibular protrusion, maxillary retraction, or 
combination of both [1]. If no treatment is per-
formed, the trend of malformation will aggra-
vate patient growth and development. It will  
not only affect oral function and facial appear-
ance, but also affect the mental health of 
patients [2]. Prevalence of skeletal Angle class 
III malocclusion is quite different among differ-
ent populations. Incidence of class III malocclu-

sion in ranges from 5% to 14%, of which 42%  
to 63% are characterized by insufficient maxil-
lary development [3]. At present, the common 
clinical application of maxillary protraction is 
used to correct skeletal class III malocclusion 
during growth and development stages. It can 
restore normal overbite and overjet relationship 
and significantly improve facial development 
malformations. Its results have been recog-
nized [4]. The maxillary protraction device can 
be divided into two basic parts: intraoral and 
extraoral. The intraoral appliance can be divid-
ed into a movable type and fixed type. Due to 
the short crown of children in mixed dentition 
period and difficulty of fixing the movable appli-

http://www.ijcem.com


Maxillary protraction correction in angle class III patients

8439 Int J Clin Exp Med 2018;11(8):8438-8445

ance, fixed appliance is often used clinically  
[5]. However, traditional internal fixators have 
problems such as place difficulty, multi-solder 
joints, complex fabrication, and difficulty of oral 
hygiene maintenance. The frame internal fix-
ator is relatively simple to fabricate and com-
fortable to wear [6]. In this present research, 
patients with Angle class III malocclusion were 
treated with frame and conventional internal 
fixators, respectively, to evaluate the efficacy of 
these two methods.

Materials and methods

Research objects

This study was approved by the Medical Ethics 
Committee of Daqing Oilfield General Hospital. 
All patients and their families provided informed 

consent. A total of 34 patients with Angle class 
III malocclusion, in the Orthodontics Depart- 
ment of Daqing Oilfield General Hospital, from 
May 2013 to May 2016, were selected as 
research subjects.

Inclusion criteria: 1) Children in mixed dentition 
period; 2) No orthodontic treatment experi-
ence, no trauma or congenital malformations; 
and 3) Lateral cephalometrics were taken 
before correction.

Exclusion criteria: 1) History of cleft lip and pal-
ate; 2) Lack of more than 1 tooth per half arch; 
3) Surgical history of oral and maxillofacial  
trauma; and 4) History of temporomandibular 
joint disease [7].

Research methods

Research subjects were divided into an experi-
mental group and control group, according to 
the random number table method, with 17 
cases in each group. The experimental group 
was treated with frame internal fixation com-
bined with facemask appliance for maxillary 
protraction treatment [6]. The control group 
was treated by traditional fixation combined 
with facemask appliance for maxillary protrac-
tion [8]. First, for the experimental group, the 
frame appliance was fabricated according to 
the following method: bands were tried on the 
first premolar and the first molar, then the 
refractory model was produced. Bands for max-
illary first permanent molar, second deciduous 
molars, first deciduous molars (or first premo-
lar), maxillary palatine frame, and traction hook 
were made from 1.2 mm stainless steel wire 
and welded together using silver welding [5]. 
Second, the Frankel III functional appliance 
was used for the control group, consisting of lip 
bumper, cheek panel, palatal arch, upper ante-
rior teeth lingual arch, and lower lip arch. The 
upper lip bumper should leave the alveolar 2.5 
mm from the upper edge of the turning point of 
mucosa [6]. All patients had a 1-week initial 
trial to wear and test the tenderness and com-
fort of the appliance. Wearing time was gradu-
ally extended. Other than eating, strenuous 
exercise, and language training courses, appli-
ances were worn at least 14 hours per day, 
mainly in the daytime.

Observation indexes

Cephalometer radiographs were taken by Sie- 
mens 128-row CT (SOMATOM Definition Flash), 

Figure 1. Method for measuring the width of dental 
arch. A, UC-C; B, UM-M; C, LM-M; D, LC-C. UC-C, maxil-
lary inter-canine width; UM-M, maxillary first intermo-
lar width; LM-M, mandibular first intermolar width; 
LC-C, mandibular inter canine width.
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1 year before and after treatment. Cephalo- 
metric analysis was performed by the same 
doctor to evaluate effects of the two methods 
of maxillary protraction on a patient skeletal 
structures and soft tissues. Treatment times 
and number of return visits were recorded for 
both groups.

Cephalometric analysis indicators included: 1) 
Angle between sella-nasion line and nasion-
point A line (SNA); 2) Angle between sella-nasi-
on line and nasion-point B line (SNB); 3) Dis- 
tance from sella-nasion line to median mandib-
ular point (SND); 4) Angle between nasion-point 
A line and nasion-point B line (ANB); 5) Wits 
value; 6) Upper incisor to lower incisor angle 
(U1-L1); 7) Angle between Frankfurt horizontal 
plane and mandibular plane (FMA); 8) Dista- 
nce from SN plane to mandibular plane (SN-
MP); 9) Distance from SN plane to palatal plane 
(SN-PP); 10) Distance from nasion to anterior 
point on maxillary bone (N-ANS); 11) Distance 
from menton to anterior point on maxillary  
bone (ANS-Me); 12) Angle between long axis of 
upper incisor and SN plane (U1-SN); 13) Angle 
between long axis of lower incisor and mandib-
ular plane (IMPA); 14) Nasolabial angle (NLA); 
15) Upper lip protrusion (ULP); and 16) Lower 
lip protrusion (LLP).

Dental arch width measurement

Dental arch widths of each patient were re- 
corded using digital caliper measurements: 1) 
Maxillary inter-canine width (UC-C); (2) Maxil- 
lary first intermolar width (UM-M); (3) Mandi- 
bular first intermolar width (LM-M); and (4) 
Mandibular inter canine width (LC-C) as shown 
in Figure 1.

Statistical analysis

Data were analyzed by STATA 14.0 software 
and plotted by Graphpad Prism 7.0. Mea- 
surement data are expressed as mean ± stan-
dard deviation (

_
x  ± sd). Measurement data 

with normal distribution, such as changes 

test. P<0.05 was considered statistically sig- 
nificant.

Results

Comparison of two groups of general data

The total of 34 cases of skeletal Angle class III 
malocclusion included 20 boys and 14 girls, 
aged 7-14, with an average age of 10.1±1.6 
years. There were no significant differences in 
age and gender between the two groups (both 
P>0.05), as shown in Table 1.

Cephalometric analysis results

There were no statistically significant differenc-
es in indexes of cephalometric analysis bet- 
ween the experimental group and control group 
before treatment (all P>0.05). Compared with 
those before treatment, values of SNA, FMA, 
and NLA increased in the two groups, after 
treatment, while values of ANB, SND, SNB,  
and IMPA decreased. Differences between 
these indexes were statistically significant (all 
P<0.05). There were no statistically significant 
changes in measured values of the other indi-
cators (all P>0.05) as shown in Table 2.

Differences in cephalometric values of the  
two groups, before and after treatment, were 
calculated and compared between the groups. 
There were no statistically significant differenc-
es in all indicators (all P>0.05) as shown in 
Table 3.

Changes in dental arch width

Changes in dental arch width in the two groups, 
before and after treatment, are shown in Table 
4. Width of the maxillary arch and mandibu- 
lar arch in the two groups, after treatment, 
increased to a certain extent compared with 
before treatment, but differences were not  
statistically significant (all P>0.05). Comparison 
of changes in dental arch width, before and 
after treatment, are shown in Figure 2. The 

Table 1. Comparison of general data between two 
groups (_x  ± sd)

Experimental 
group

Control 
group t/X2 P

Gender (male/female) 9/8 11/6 0.486 0.486
Age (year old) 10.3±1.6 9.9±1.7 0.417 0.691

before and after treatment, were detect-
ed using paired t-tests. Differences of 
indexes, before and after treatment, 
within groups were compared using 
t-tests. Count data are represented in 
terms of number of cases. Differences 
between groups were analyzed using 
Chi-square analysis or Fisher’s exact 
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Table 2. Comparison of cephalometric values before and after treatment of two groups (
_
x  ± sd)

Experimental group Control group
Before treatment After treatment Before treatment After treatment

SNA (°) 77.53±4.22 83.17±3.76# 77.49±4.27 82.68±3.91#

SNB (°) 84.48±1.28 81.46±1.35# 84.57±1.31 81.72±1.43#

SND (mm) 76.12±0.71 75.61±0.74# 76.34±0.69 75.35±0.69#

ANB (°) 2.36±2.11 -2.14±2.04# 2.38±1.98 -2.25±1.97#

Wits -4.33±0.54 -4.21±0.57 -4.29±0.57 -4.23±0.50
U1-L1 (°) 130.08±8.16 134.13±7.35 130.12±8.23 133.89±7.41
FMA (°) 28.94±0.41 29.17±0.43# 28.76±0.52 29.12±0.46#

SN-MP (mm) 36.24±3.87 33.36±3.63 36.31±3.65 34.13±3.74
SN-PP (mm) 3.57±0.49 3.64±0.55 3.63±0.54 3.68±0.51
N-ANS (mm) 47.95±2.16 47.52±2.11 48.10±2.19 47.47±2.09
ANS-Me (mm) 60.18±5.35 54.60±4.48 60.23±5.46 56.73±4.53
U1-SN (°) 108.10±7.30 114.64±8.12 107.52±7.49 115.83±8.19
IMPA (°) 84.12±0.47 83.79±0.52# 84.57±0.71 83.24±0.56#

NLA (°) 87.24±18.36 94.36±16.24# 86.75±17.90 93.56±16.80#

ULP (mm) 4.31±1.28 6.04±2.13 4.27±1.37 5.79±2.42
LLP (mm) 6.15±1.46 6.27±1.52 6.17±1.61 6.32±1.18
Note: Compared with before treatment, #P<0.05. SNA, angle between sella-nasion line and nasion-point A line; SNB, angle be-
tween sella-nasion line and nasion-point B line; SND, distance from sella-nasion line to median mandibular point; ANB, angle 
between nasion-point A line and nasion-point B line; U1-L1, upper incisor to lower incisor angle; FMA, angle between Frankfurt 
horizontal plane and mandibular plane; SN-MP, distance from SN plane to mandibular plane; SN-PP, distance from SN plane 
to palatal plane; N-ANS, distance from nasion to anterior point on maxillary bone; ANS-Me, distance from menton to anterior 
point on maxillary bone; U1-SN, angle between long axis of upper incisor and SN plane; IMPA, angle between long axis of lower 
incisor and mandibular plane; NLA, nasolabial angle; ULP, upper lip protrusion; LLP, lower lip protrusion.

maxillary dental arch had a greater change 
than the mandibular dental arch. The maxillary 
dental arch width in experimental group was 
smaller than that in control group. Differences 
were not statistically significant (all P>0.05).

Treatment times and number of return visits

Treatment times and number of return visits in 
the experimental group were lower than the 
control group and differences were statistically 
significant (both P<0.05), as shown in Table 5.

Discussion

Class III malocclusion is a complex maxillofa-
cial disease involving a variety of skeletal and 
dental compensatory factors, including the 
skull base, maxilla, and mandible [9]. An impor-
tant factor determining the success rate of 
orthodontic treatment is the time of treat- 
ment. Domestic and foreign experts generally 
recommend that facemask treatment should 
be started at ages of 6-8 years, when the first 
maxillary molar and incisor grows, or at early 
mixed dentition [10]. Cases selected for this 

present study were all in this period. Regard- 
less of whether there is a maxillary arch steno-
sis or not, maxillary protraction facemask treat-
ment has been a commonly used method for 
correction of Class III malocclusion, at home 
and abroad [11].

There have been many reports on the treat-
ment of skeletal Angle class III malocclusion 
during mixed dentition using maxillary protrac-
tion. Vaughn et al. used frame anterior traction 
to treat children with class III malocclusion in 
early dentition [12]. After one year of treatment, 
skull changes of expansion and non-expansion 
facemask treatment in the experimental group, 
compared with control group, were mainly the 
forward and longitudinal displacement of the 
maxilla and downward and backward rotation 
of the mandible. SNA angle increased by 3.02° 
and 2.78° and the distance from nasion to sub-
spinale increased from 2.41 mm to 2.49 mm, 
respectively. Subspinale moved forward by 
2.63 mm and 2.43 mm and the maxillary to 
skull base increased by 1.67 mm and 1.41 mm, 
respectively. In orthodontic treatment, impro- 
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vement of the soft tissue profile is very impor-
tant. Elnagar et al. used bone-anchored maxil-
lary traction to treat patients with class III 
malocclusion [13]. In addition to significant 
maxillary moving forward, three-dimensional 
soft tissue analysis revealed significant soft  
tissue improvement. Specifically, a positive 
shift in the sagittal plane occurred in the upper 

ance due to the device matched closely with 
the dental arch [16]. In the frame-type appli-
ance, the occlusion relationship was constru- 
cted by retracting the mandible to make the 
condyle to the final position, thus, the lip was 
closed with minimum stress [17]. In this study, 
ΔU1-SN of the experimental group was (6.53± 
4.51)° and ΔU1-SN of the control group was 

Table 3. Comparison of difference of cephalometric values 
between two groups before and after treatment (

_
x  ± sd)

Experimental group Control group t P
ΔSNA (°) 5.64±4.25 5.19±3.41 1.831 0.083
ΔSNB (°) -3.02±1.26 -2.85±1.25 1.372 0.195
ΔSND (mm) -0.51±0.76 -0.99±0.62 1.984 0.076
ΔANB (°) -4.52±1.15 -4.63±2.21 0.675 0.512
ΔWits 0.12±0.46 0.06±0.49 2.058 0.065
ΔU1-L1 (°) 4.05±3.15 3.77±4.11 0.439 0.673
ΔFMA (°) 0.23±0.34 0.36±0.39 0.544 0.602
ΔSN-MP (mm) -2.88±1.62 -2.18±1.89 0.841 0.417
ΔSN-PP (mm) 0.07±0.37 0.05±0.45 0.658 0.523
ΔN-ANS (mm) -0.43±2.11 -0.63±2.31 1.071 0.296
ΔANS-Me (mm) -5.58±3.25 -3.51±4.09 1.674 0.118
ΔU1-SN (°) 6.53±4.51 8.34±5.50 0.160 0.875
ΔIMPA (°) -0.33±0.43 -1.33±0.47 0.559 0.592
ΔNLA (°) 7.12±3.42 6.81±3.94 0.518 0.627
ΔULP (mm) 1.73±1.10 1.52±1.03 1.164 0.263
ΔLLP (mm) 0.12±1.06 0.15±1.18 1.117 0.284
Note: Δ means difference. SNA, angle between sella-nasion line and nasion-
point A line; SNB, angle between sella-nasion line and nasion-point B line; 
SND, distance from sella-nasion line to median mandibular point; ANB, angle 
between nasion-point A line and nasion-point B line; U1-L1, upper incisor 
to lower incisor angle; FMA, angle between Frankfurt horizontal plane and 
mandibular plane; SN-MP, distance from SN plane to mandibular plane; SN-
PP, distance from SN plane to palatal plane; N-ANS, distance from nasion to 
anterior point on maxillary bone; ANS-Me, distance from menton to anterior 
point on maxillary bone; U1-SN, angle between long axis of upper incisor and 
SN plane; IMPA, angle between long axis of lower incisor and mandibular 
plane; NLA, nasolabial angle; ULP, upper lip protrusion; LLP, lower lip protru-
sion.

Table 4. Comparison of changes in dental arch width in two 
groups before and after treatment (mm; 

_
x  ± sd)

Experimental group Control group
Before  

treatment
After  

treatment
Before  

treatment
After  

treatment
UC-C 28.15±2.61 29.76±2.59 28.24±2.37 30.14±2.72
UM-M 42.64±3.63 44.53±3.58 42.81±4.58 44.96±3.30
LC-C 23.79±2.69 24.93±2.70 23.82±2.53 24.16±2.41
LM-M 40.47±3.32 41.33±3.37 40.41±4.32 40.97±3.28
Note: UC-C, maxillary inter-canine width; UM-M, maxillary first intermolar 
width; LM-M, mandibular first intermolar width; LC-C, mandibular inter canine 
width.

lip, cheeks, and middle of the face. 
A significant negative change occu- 
rred in the sagittal plane of the 
lower lip and chin region. In this 
study, SNA and FMA increased and 
SNB decreased in both groups, 
suggesting that maxillary and man-
dibular positions changed, indicat-
ing that the purpose of orthopedic 
treatment was achieved in both 
groups [14].

In addition, the increased U1-SN 
and decreased ANB and IMPA of 
research subjects showed that  
the upper incisor leaned forward, 
the lower incisor leaned back, and 
the occlusion relationship improv- 
ed significantly [15]. The intraoral 
appliance of maxillary protraction 
was fixed on the teeth, so that or- 
thodontic force produced by the 
anterior traction was mainly via 
teeth transfer to the jaw. However, 
treatment principles of the two 
kinds of internal fixation are dif- 
ferent. Frankel III functional appli-
ance therapy relieved the limi- 
tations of development of upper 
dental arch by perioral muscles 
through the buccal shield and lip 
bumper and stretched the peri- 
osteum at the vestibular mucosal 
transition to stimulate osseous 
hyperplasia, thereby stimulating 
growth of alveolar bone and basal 
bone [4]. Blood circulation of the 
soft tissue was improved via mas-
sage by the lip bumper and buc- 
cal screen, so that teeth moving  
in parallel with the alveolus while 
the dispersing force of the lips  
was moved from the maxilla via  
the upper lip pad, and the force of 
the upper lip was transmitted to 
the lower jaw through the appli-
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(8.34±5.50)°, suggesting that for patients with 
compensatory upper incisors occurring prior to 
treatment, the frame-type appliance could pre-
vent upper incisors from leaning forward to a 
certain extent, reducing the side effects of  
frontal traction. This result is consistent with 
the study reports of Al-Mozany and Kim et al. 
[18, 19].

A Japanese study reported that the lateral 
width of bones of dental arch and mandibular 
maxillary base in patients with untreated class 
III malocclusion gradually increased between 
the ages of 10-14 years [20]. During this peri-
od, the width of the mandible increased more 
than the growth of maxilla. Class III malocclu-
sion research subjects lower jaws tended to 
lean toward the lingual surface and the man-
dibular teeth tended to buccal direction due  
to the limitation of maxillary development. Re- 
searchers believed that rapid maxillary expan-
sion should be considered before or during 
treatment of class III malocclusion patients 
undergoing facemask treatment [21]. Other 
studies have suggested that the inward com- 
ponent of the maxillary protraction leads to a 
tendency of compression and narrowing in  
the anterior part of the palate during traction. 
This tendency is irrelevant to the direction of 
traction [22, 23]. However, some scholars have 

relationship was improved. Frankel III function-
al correction method seems to be a better 
choice.

Clinically, selection of intraoral devices can be 
based on the choice of different retention 
devices depending on whether maxillary and 
mandibular posterior teeth are coordinated, 
the wearing path of anchorage molar, and 
crowding degree of upper dentition [15, 21]. 
Disadvantages of the Frankel III functional 
appliance include the bulky size, complex fabri-
cation, and requirement of good compliance 
from patients [24]. In addition, it cannot be 
applied to adult patients after growth has 
stopped. It cannot be used for patients with 
teeth movement and congestion [25]. In com-
parison, the frame-type appliance as a reduc- 
ed size and is easier to wear during the day  
and night [5]. The longer the appliance is  
worn, the faster and better the correction 
effects are. In this research, treatment times 
and number of return visits of patients in the 
experimental group were significantly less  
than those in control group. The frame-type 
appliance is simple to fabricate and easy to fix, 
requiring a shorter time to achieve desired 
effects. It is relatively efficient, simple, practi-
cal, and worthy of clinical promotion. However, 
the sample size for this research was too small. 

Figure 2. Change of dental arch width before and after orthodontic treat-
ment in the two groups (mm).

Table 5. Comparison of treatment times and number of return 
visits between two groups (_x  ± sd)

Experimental 
group

Control 
group

t P

Treatment time (month) 7.1±2.3 9.5±4.1 2.073 0.048
Number of return visits 8.4±2.6 10.1±3.5 2.286 0.034

held an opposite view that  
the tiny forward movement of 
the internal appliance leads  
to lateral expansion of dental 
arch and lateral displacement 
occurs while the upper jaw  
is moving forward, indicating 
an enlargement of the dental 
arch [12]. Results of before 
and after treatment in this 
present study show that max- 
illary and mandibular arch wi- 
dths of the two groups, after 
treatment, were all increased 
to some extent compared to 
before treatment. Changes in 
the maxillary arch were larger 
than those in mandibular arch 
and changes in width of ma- 
xillary dental arch in the ex- 
perimental group were smaller 
than the control group. This 
suggests that maxillary grow- 
th was faster than mandible 
growth and that the occlusion 
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Research with further accumulation and a lon-
ger study term is needed to arrive at a more 
precise conclusion [26].

In summary, the occlusion relationship of 
patients with Angle III malocclusion can be 
improved by frame-type and fixed maxillary pro-
traction, each having its own characteristics 
and both obtaining good results.
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