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A cone-beam computed tomography study on 
strategic uprighting of mandibular molars using  
a biocreative reverse curve system

Objective: To analyze the overall treatment effects in terms of the amount of 
uprighting with changes in the three-dimensional positions of the mandibular 
posterior teeth after applying the biocreative reverse curve (BRC) system. 
Methods: Thirty-four patients (mean age, 20.5 ± 8.56 years) were treated using 
the BRC system (mean period, 8.17 ± 2.19 months). Cone-beam computed 
tomography was performed before treatment and after treatment with the 
BRC system. The three-dimensional movement of each tooth was analyzed in 
the coordinate system at points on the crown and root apex. A paired t-test 
was used to analyze the treatment effects of the BRC system. Results: The 
application of the BRC system spanning from the first premolar to the second 
molar resulted not only in buccal and distal uprighting, but also in increased 
buccal and distal tipping of the teeth. The premolars and the first molar were 
extruded, and the second molar was intruded. Conclusions: When the BRC 
system is applied, simultaneous distal and buccal uprighting of the premolars 
and molars can be achieved bilaterally using a temporary skeletal anchorage 
device without unnecessary movement of the anterior teeth.
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INTRODUCTION

Mesial angulation of the mandibular molars is often 
observed after the loss of adjacent teeth or space clo-
sure after the extraction of premolars.1,2 It is well known 
that uprighting the mandibular first molar is critical to 
long-term stability of the treatment.3,4 Conventional 
methods, such as the uprighting spring, intrusion arch, 
and multiloop edgewise archwire, have been suggested 
to upright the mandibular molars.5-7 However, these ap-
pliances sometimes apply unnecessary vertical forces on 
or result in labial inclination of the mandibular anterior 
teeth.8 In order to eliminate the possibility of unwanted 
movements of the anterior teeth, the technique of direct 
miniscrew anchorage has been introduced,9 but to date, 
only unilateral molar uprighting has been possible with 
this method.

A biocreative reverse curve (BRC) system was designed 
to achieve vertical correction of the posterior teeth and 
exert an effective uprighting force on the mandibular 
molars (Figure 1). It was proposed based on the concept 
of anchorage preparation in the Tweed-Merrifield di-
rectional force system and the approach to mandibular 
molar uprighting discussed by Ricketts and Burstone. 
Instead of applying tip-back bends on the archwire, 
the reverse curve of Spee (RCS) nickel-titanium (Ni-Ti) 
archwire is used. Orthodontic brackets are only bonded 
to the premolars and molars in this system to prevent 
undesired movements of the mandibular anterior teeth 
during molar uprighting. While the RCS Ni-Ti archwire 
is engaged in the brackets bonded on the premolars and 
molars, the counteracting force is applied to the I-type 
C-tube miniplate (Jin-Biomed Co., Bucheon, Korea) at 
the mandibular symphyseal area as one of the temporary 

skeletal anchorage devices (TSADs), which are connected 
to the RCS Ni-Ti archwire with a brass wire connector. A 
bond-type lingual arch is applied on the lingual surfaces 
of both mandibular first premolars to prevent unwanted 
extrusion, buccal or labial movement of the teeth.10,11

The treatment efficacy of the BRC system has previ-
ously been evaluated in two ways. Park et al.12 showed 
that the BRC system caused intrusion of the mandibular 
second molars and uprighting of the mandibular pre-
molars and molars, resulting in the counterclockwise 
rotation effect of the mandibular occlusal plane. How-
ever, their lateral cephalometric study only evaluated 
two-dimensional changes, and the overlap of bilateral 
structures may have led to measurement errors. Three-
dimensional changes after treatment with the BRC sys-
tem have not yet been studied.

Therefore, the purpose of this preliminary three-
dimensional study using cone-beam computed tomog-
raphy (CBCT) was to evaluate the overall efficacy of the 
treatment with respect to the degree of uprighting with 
changes in the sagittal, vertical, and transverse positions 
of the mandibular molars after applying the BRC system 
using an orthodontic miniplate with an RCS Ni-Ti arch-
wire.

MATERIALS AND METHODS

This retrospective study was approved by the Institu-
tional Review Board of the Kyung Hee University Dental 
Hospital (KH-DT21008).

CBCT data on pre-BRC treatment and post-BRC treat-
ment were used for the analysis. The inclusion criteria 
were patients with skeletal growth completion and with-
out a history of tooth extraction, except for the third 

Figure 1. Clinical application of the biocreative reverse curve (BRC) system. A, Initial. B, Application of BRC. C, 8 months 
after BRC. D, Superimposition.
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molars. Patients with dental abnormalities, such as con-
genitally missing teeth, supernumerary teeth, and fused 
teeth and patients with systematic diseases or syndromes 
were excluded. A total of 34 patients were selected ac-
cording to the selection criteria. The mean age of the 
subjects was 20.5 ± 8.56 years and the average period of 
the BRC system application was 8.17 months. The first 
CBCT was performed before orthodontic treatment (T1), 
and the second was performed immediately after the 
completion of the BRC system (T2).

The orientation procedure was performed using the 
ON3D software (3D ONS Inc., Seoul, Korea) to designate 
the measurement points in the CBCT images. To set the 
coordinate axes in the ON3D program, the following five 
points were normally designated in T1 and T2: the na-
sion, left frontozygomatic suture, right frontozygomatic 
suture, right orbital, and right porion. Previous literature 
has shown that if the coordinate system is set with these 
five reference points, the movement patterns of the 
maxillary teeth can be easily understood. However, in 
the case of the mandible, the movement pattern of the 
teeth cannot be accurately understood because rotation 
and translation of the mandible can occur. Therefore, as 
a reference point for setting the coordinate system, four 
mandibular reference points that do not change before 
and after treatment were selected: the menton, right 
gonion, midpoint of the right mental foramen, and left 
mental foramen; the menton was set as the origin (Figure 
2). By setting the coordinate axes as above, the effects 
of the rotation and translation of the mandible before 
and after treatment were excluded, and any changes 
in the position of the mandibular teeth based on the 
menton could be tracked. This study did not track the 
amount of mandibular anterior teeth movement be-
cause no bracket was attached using the BRC system. 
In CBCT images oriented at T1 and T2, the axes of the 
mandibular first and second premolars were identified 
by connecting the buccal cusp tip and root apex, and 
the axes of the mandibular first and second molars were 
identified by connecting the mesiobuccal cusp tip and 
mesiobuccal root apex. If there were two roots in the 
premolar, the buccal root apex was set as the point on 

the tooth axis. The identified axes of the mandibular 
premolars and molars were used to track tooth move-
ment (Figure 3). To avoid errors in the process of select-
ing the same points in T1 and T2, one researcher (JWK) 
designated the landmarks with a dual monitor by com-
paring CBCT images before and after applying the BRC 
system. After designating the mesiobuccal cusp tip and 
mesiobuccal root apex points on each tooth, the results 
of landmark determination were extracted as three-di-
mensional coordinates in the ON3D program. Then, the 
amount of movement of the designated points along 
the x, y, and z axes was calculated. The crown and root 
coordinate points at T1 and T2 were projected onto the 
yz-plane, and angulations were measured before and 
after treatment. Similarly, the coordinate points were 
projected onto the xz-plane at T1 and T2, and the incli-

Figure 2. Orientation. A, Ref-
erence points in frontal view. 
B, Reference points in lateral 
view. C, Coordinate axes.
Rt., right; Lt., left; MF, mental 
foramen; Go, gonion; Me, 
menton.

A B C

Figure 3. Landmark determination process. A, Landmark 
determination in the ON3D program (3D ONS Inc., Seoul, 
Korea) (pre-BRC). B, Landmark determination in the ON3D 
program (post-BRC). C, Reference point of landmarks.
BRC, biocreative reverse curve.
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nations of the mandibular premolars and molars before 
and after treatment were measured and compared (Figure 
4). In this study, angulation was defined as an angle 
change of the line connecting the designated crown and 
root points on the yz-plane, and inclination was defined 
as the change in the angle of the line connecting the 

two points on the xz-plane.

Statistical analysis
These data were confirmed by repeating the same data 

collection process 2 weeks later. The intraclass correla-
tion coefficient (ICC) was calculated to verify the reli-
ability of the measurements. The measured CBCT data 
were proven to be reliable because the ICC was found to 
be > 0.95 at a 95% confidence interval. For axis move-
ment, the Kruskal–Wallis test was used, and for changes 
in angulation and inclination, the Levene’s test was used 
to determine the statistical difference between T1 and 
T2 because it did not satisfy the normality assumption. 
A p-value of < 0.05 was considered statistically signifi-
cant. All statistical analyses were performed with SPSS 
version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Table 1 shows the means, standard deviations, and 
maximum and minimum values for the x-, y-, and z-
axes movements of the crown and the root reference 
points.

Transverse change (frontal change)
In the x-axis movement, all crown reference points 

from the first premolar to the second molar moved buc-
cally. Specifically, the first and second premolars and the 
first and second molars moved buccally by 0.12 mm, 
1.03 mm, 0.97 mm, and 0.49 mm, respectively. The root 
reference points of the first and second premolars and 
the first molar moved buccally by 0.17 mm, 0.46 mm, 

Figure 4. Inclination change. A, Pre-BRC inclination of 
the mandibular first molar. B, Post-BRC inclination of the 
mandibular first molar with apparent change in angula-
tion. C, Pre-BRC inclination of the mandibular first molar. 
D, Post-BRC inclination of the mandibular first molar.
BRC, biocreative reverse curve.

A B

C D

Table 1. Amount of crown and apex movement in x, y, and z-axis directions before and after biocreative reverse curve 
system application

Variable
X Y Z

N Mean
(mm)

SD
(mm) p-value* N Mean

(mm)
SD

(mm) p-value* N Mean
(mm)

SD
(mm) p-value*

Crown Total 272 0.65 0.35 < 0.0001 272 0.62 0.12 0.0498 272 0.83 0.18 < 0.0001

L4 68 0.12 0.57 68 0.60 1.24 68 1.22 1.12

L5 68 1.03 1.11 68 0.54 1.14 68 1.64 1.09

L6 68 0.97 0.98 68 0.68 0.99 68 1.26 1.22

L7 68 0.49 1.41 68 0.65 1.02 68 –0.81 0.81

Apex Total 272 –0.25 0.22 < 0.0001 272 –0.62 0.27 < 0.0001 272 1.31 0.12 < 0.0001

L4 68 0.17 0.42 68 0.54 1.09 68 1.47 1.17

L5 68 0.46 0.78 68 –0.03 1.13 68 1.98 1.06

L6 68 0.22 0.58 68 –0.85 0.96 68 1.93 1.31

L7 68 –1.86 0.93 68 –2.16 1.59 68 –0.15 1.05

SD, standard deviation; L4, the mandibular first premolar; L5, the mandibular second premolar; L6, the mandibular first 
molar; L7, the mandibular second molar.
*Kruskal–Wallis test was performed.
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and 0.22 mm, respectively, and the second molar moved 
lingually by 1.86 mm.

Anteroposterior change
In the y-axis movement, the first and second premo-

lars and the first and second molars moved distally by 
0.60 mm, 0.54 mm, 0.68 mm, and 0.65 mm, respec-
tively. The root reference points of the second premolar 
and the first and second molars moved mesially by 0.03 
mm, 0.85 mm, and 2.16 mm, respectively, while the first 
premolar moved distally by 0.54 mm.

Vertical change
The crowns of the first and second premolars and the 

first molar were extruded by 1.22 mm, 1.64 mm, and 
1.26 mm, respectively; and the roots of the first and 
second premolars and the first molar were extruded by 
1.17 mm, 1.98 mm, and 1.93 mm, respectively. On the 
contrary, the second molar was intruded by 0.81 mm at 
the crown reference point and 0.15 mm at the root ref-
erence point (Table 1).

Angulation and inclination changes
Table 2 shows the changes in angulation and inclina-

tion from the first premolar to the second molar in T1 
and T2. Angulation gradually increased from the first 
premolar to the second molar, with the first and second 
premolars and the first and second molars being distally 
uprighted by 0.19°, 1.83°, 4.96°, and 9.54°, respectively. 
The inclination also gradually increased from the first 
premolar to the second molar to achieve buccal upright-
ing, and the second premolar and the first and second 
molars were buccally uprighted by 1.52°, 1.89°, and 

7.26°, respectively. However, the first premolar was not 
buccally uprighted (Table 2, Figure 5).

DISCUSSION

Park et al.12 demonstrated the following effects of the 
BRC system using lateral cephalograms: distal move-
ment of the first and second premolars and the first and 
second molars (by 0.94 mm, 0.56 mm, 1.01 mm, and 
0.53 mm, respectively), extrusion of the first and second 
premolars (by 0.75 mm and 0.58 mm, respectively), in-
trusion of the second molar (by 1.4 mm), and counter-
clockwise rotation of the mandibular occlusal plane (by 
1.13° ± 2.60°). The linear and angular changes of the 
posterior teeth in the sagittal plane in the present study 
were found to be consistent with Park et al.’s results.

The first premolars connected by the bonded-type 
lingual arch showed little changes in angulation and 
inclination. Because of the reverse curve of the Ni-Ti 
archwire, angulation and inclination significantly in-
creased from the second premolar to the second molar. 
Thus, distal and buccal uprighting effects were found to 
increase more when the teeth were located more pos-
teriorly (Table 2). The increase in angulation was found 
to result from distal uprighting, not only due to the 
distal movement of the crown but also due to the me-
sial movement of the root apex (Table 1). Horizontally, 
in the case of the first premolar, second premolar, and 
first molar, both the crown and root apex moved buc-
cally, showing an increase in inclination. In contrast, the 
crown moved buccally and the root apex moved lingual-
ly in the second molar. This is assumed to be because 
of the use of the 0.017” × 0.025” reverse-curved Ni-Ti 

Table 2. Angulation and inclination change before and after biocreative reverse curve system application

Variable
T1 T2 Mean 

difference p-value* p-value†

N Mean SD IQR N Mean SD IQR

Angulation (°) Total 272 82.12 5.17 7.29 272 86.25 8.84 9.33 < 0.0001 < 0.0001

L4 68 81.99 5.23 8.52 68 82.18 7.41 10.72 0.19 0.0490 0.0417

L5 68 82.00 5.26 5.94 68 83.83 8.45 7.35 1.83 0.0079 0.0328

L6 68 81.49 5.14 7.59 68 86.45 7.17 8.87 4.96 0.0604 0.0328

L7 68 83.00 5.15 8.29 68 92.54 8.85 8.75 9.54 0.0026 0.0370

Inclination (°) Total 272 82.64 4.95 6.92 272 85.27 6.10 7.08 0.0159 0.0617

L4 68 85.60 2.18 2.07 68 85.46 3.78 3.54 –0.15 0.0021 0.1344

L5 68 85.24 3.01 4.12 68 86.76 4.96 5.89 1.52 0.0052 0.0393

L6 68 81.31 3.98 6.01 68 83.20 5.18 6.20 1.89 0.1349 0.5234

L7 68 78.41 5.86 11.63 68 85.67 8.92 13.45 7.26 0.0183 0.2913

T1, pre-biocreative reverse curve (BRC); T2, post-BRC; SD, standard deviation; IQR, interquartile range; L4, the mandibular 
first premolar; L5, the mandibular second premolar; L6, the mandibular first molar; L7, the mandibular second molar.
*Levene’s test for equality of variances was performed.
†Ansari–Bradley test was performed.
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Figure 6. Application of the twisting technique in the biocreative reverse curve (BRC) system. A, Placement of metal stop 
accessories. B, Archwire twisting and fixation with flowable resin composite. C, Intrusive force by twisting technique. D, 
Cross-sectional illustration of the twisting BRC technique. E, The biomechanics of the twisting BRC system.

A B C

D E

Figure 5. Changes in angulation and inclination before and after biocreative reverse curve system application. A, Angu-
lation change. B, Inclination change.
L4, the mandibular first premolar; L5, the mandibular second premolar; L6, the mandibular first molar; L7, the mandibu-
lar second molar; T1, pre-biocreative reverse curve (BRC); T2, post-BRC.
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archwires with toe-in form in the BRC system. Vertically, 
the first and second premolars and the first molar were 
extruded, while the second molar was intruded. How-
ever, this may be owing to the relative extrusion that oc-
curred as the mesially tipped premolars and molars were 
distally uprighted. In molars, when the mesiobuccal cusp 
is set as the reference point of the crown and is distally 
uprighted, it is necessary to consider that the effect of 
intrusion is reduced and the effect of extrusion is mag-
nified.

However, to reduce unnecessary extrusion of the 
premolars and molars, the twisting technique can be 
applied in the BRC system (Figure 6). In this novel 
modification of the BRC system, the main difference 
is the change in the angle of insertion of the reverse-
curved Ni-Ti archwire in the brass wire connector. This 
adjustment increases the intrusion force on the molars 
thereby increasing the amount of uprighting. In fact, 
a remarkable treatment effect was observed when the 
archwire was twisted over 45°. To maintain the twisted 
state, metal stop accessories (022” closed stop tube; 
Forestadent®, Pforzheim, Germany) were placed on the 
left and right sides of the brass wire connector and fixed 
with flowable resin composite. The metal stop accesso-
ries helped the resin hold the wire in a twisted state. The 
previous studies and the present study demonstrated the 
biomechanics of the conventional BRC system.11,12 At the 
beginning of the application, the tip-back moment with 
extrusive force is applied to the first premolar, while the 
v-bend principle is used on the rest of the mandibular 
posterior teeth.13 Moments generated between adjacent 
brackets gradually increase posteriorly. As the second 
molar uprights, the mesially adjacent teeth tip back. 
The twisted reverse-curved Ni-Ti maintains an intrusive 
force on the posterior segment during uprighting. The 
entire force and moment system are shown in Figure 
6. In static situations, this configuration between the 
two brackets may be considered Dr. Burstone’s Class IV 
geometry.14 The angle of insertion between the bracket 
slot and the archwire increases posteriorly; the tip-
back moment on the posterior tooth is greater than 
the reactive tip-forward moment on the previous tooth. 
Additionally, the vertical distance between the bracket 
and the archwire before insertion increases exponen-
tially toward the posterior teeth. As a result, according 
to the law of action and reaction, an intrusion force is 
applied to the posterior tooth, and a reactive extrusion 
force is applied to the anterior anchorage immediately.15 
Because the brass wire connector secures the vertical 
dimension between the C-tube miniplate and the arch-
wire, it is thought that the extrusion or tip-forward mo-
ment might be prevented. In summary, with a twisted 
archwire, the intrusive tip-back effect increases moving 
posteriorly, and the TSAD cancels the reactive anterior 

extrusion component.
As the posterior teeth are bilaterally controlled by one 

archwire connected to a C-tube miniplate in the sym-
physeal area, individual control of the molars on each 
side is impossible. Instead, they move simultaneously 
based on the position of the first premolars, where a 
lingual arch is bonded. If the brackets are bonded asym-
metrically on both first premolars, the posterior portion 
of the reverse curve Ni-Ti archwire would be affected, 
resulting in asymmetric tooth movement. Therefore, it 
is recommended that the brackets be bonded symmetri-
cally on both first premolars, regardless of the initial an-
gulation of the first premolars. In some cases, it may not 
be possible to insert the Ni-Ti archwire as an initial wire 
due to the rotation or severe displacement of the molars. 
In all the participants of this study, a reverse curve Ni-Ti 
archwire was inserted from the beginning of treatment. 
However, if an additional leveling procedure is required 
before applying the BRC system, additional changes may 
occur.

In this study, changes in the position of the posterior 
teeth after applying the BRC system were evaluated re-
gardless of the initial condition of the participants. In 
the future, the effects of the BRC system based on the 
amount of asymmetry and the comparison of the treat-
ment effect based on the skeletal pattern or divergence 
should be studied. Since it was assumed that the reason 
for different movement patterns of the second molar 
was the toe-in of the Ni-Ti archwire, further research 
on the effect of toe-in on the movement patterns in 
the BRC system is warranted. In addition, the treatment 
effects of using a twisted revere curve Ni-Ti archwire 
should also be further investigated.

CONCLUSIONS

The following conclusions were drawn through the re-
sults of this CBCT study.

1) With the application of the BRC system, the angu-
lation of the teeth increased through distal movement 
of the crown and mesial movement of the root of the 
premolars and molars, resulting in distal uprighting.

2) With the application of the BRC system, the inclina-
tion of the premolars and first molar increased through 
buccal movement of the crown and roots, while the sec-
ond molar showed buccal movement of the crown and 
lingual movement of the root.

3) With the application of the BRC system, the pre-
molars and first molars were extruded using the BRC 
system, and the second molar was intruded.
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