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The Effect of Frankel II and Modified Twin Block Appliances
on the ‘C’-axis: The Growth Vector of the

Dentomaxillary Complex
Stanley Braun, DDS, MME, PEa; Nelson R. Diers, DDSb; Gabriel Engel, BDS, LDS, MDScc;

Peter Wojtkiewicz, DMDd; Sabin K. Ewing, DDSd

Abstract: The recently determined ‘C’-axis, the growth vector of the dentomaxillary complex, permits
an evaluation of any meaningful growth changes thereto by the Frankel II and modified Twin Block
functional appliances. Retardation of the velocity of change (mm/year) in length of the ‘C’-axis did not
occur. The angular relationship of the ‘C’-axis to Sella-Nasion (u) and to the palatal plane (a) were not
altered in a clinically significant way. Favorable changes observed in the correction of Class II malocclu-
sions are likely because of dentoalveolar alterations buttressed by favorable mandibular growth. (Angle
Orthod 2004;74:749–753.)
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INTRODUCTION

The primary use of functional appliances is to influence
dentofacial growth by altering mandibular posture.1 When
a Class II malocclusion results from mandibular retrognath-
ia, positioning the mandible forward is believed to enhance
its growth. However, this belief remains somewhat contro-
versial.2–11 Investigators have also proposed that the Class
II correction observed with functional appliances was the
result of a ‘‘headgear effect’’ on dentomaxillary growth.12,13

The recently determined ‘C’-axis, the growth vector of
the dentomaxillary complex, suggested this retrospective
study to evaluate any meaningful changes of the dento-
maxillary complex’s growth vector related to the Frankel II
and the modified Twin Block functional appliances.14–16

MATERIALS AND METHODS

Two groups of patients had been treated in two separate
private practices. One group consisted of 23 females and
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23 males and was treated with the Frankel II appliance. The
ages of females at the onset of treatment ranged from 7.4
to 14.0 years (mean, 9.7 years). The ages of males at the
onset of treatment ranged from 7.8 to 15.6 years (mean,
10.9 years). The length of Frankel II therapy extended from
a minimum of 0.5 to a maximum of 2.2 years (mean, 1.4
years) in females and 0.7 to 2.8 years in males (mean, 1.4
years).

The second group, treated with the modified Twin Block
appliance, comprised six females and 10 males. The ages
of females at the onset of treatment ranged from 11.0 to
14.3 years (mean, 12.4 years). The ages of males at the
onset of treatment ranged from 11.5 to 16.3 years (mean,
13.5 years). The length of modified Twin Block therapy
extended from 0.5 to 1.6 years (mean, 0.9 years) in females
and 0.7 to 1.3 years in males (mean, 0.9 years).

Lateral cephalograms (T1) were taken of all patients at
the onset and at the completion (T2) of each functional-
appliance treatment regimen. No other appliances were
used during functional therapy. The cephalometric mea-
surements descriptive of the growth axis of the dentomax-
illary complex, shown in Figure 1, were recorded at T1 and
T2.14 One investigator made all the T1 and T2 cephalo-
metric measurements of the Frankel-treated group, and an-
other investigator made all the T1 and T2 cephalometric
measurements of the patients treated with the modified
Twin Block appliance.

Twenty T1 and T2 cephalograms (10 female, 10 male)
were selected randomly from the entire Frankel II sample
of 92 radiographs, and the pertinent points and planes re-
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FIGURE 1. ‘C’-axis cephalometric measurements.

FIGURE 2. ‘C’-axis length changes in patients treated with the Fran-
kel II appliance.

FIGURE 3. ‘C’-axis angle u ([Sella-Nasion]–[Sella-M point]) changes
in patients treated with the Frankel II appliance.

FIGURE 4. ‘C’-axis angle a ([ANS-PNS]–‘C’-axis) changes in pa-
tients treated with the Frankel II appliance.

measured to evaluate examiner error. Eight T1 and T2 ceph-
alograms (three female, five male) were also selected ran-
domly from the entire modified Twin Block sample of 32
radiographs, and the appropriate points and planes remea-
sured to evaluate examiner error. The variations in cepha-
lometric measurements were determined to be 0.260% in
the Frankel II sample and 0.153% in the modified Twin
Block sample. All linear cephalometric measurements were

normalized to a 90-mm midsagittal plane–film distance us-
ing the formula:

corrected measurement value 5

0.065(90 2 [midsagittal plane–film distance])

1 measurement value.

RESULTS

Changes in the ‘C’-axis (growth vector) linear measure-
ments (Sella-M point), and in the angular measurements
([Sella-Nasion]–[Sella-M point]), and palatal plane–(Sella-
M point) vs age for each gender in each of the participants
treated with the Frankel II appliance and the modified Twin
Block appliance are shown in Figures 2 through 7.

DISCUSSION

To facilitate a comparison between individuals of each
gender treated in this study with normally occurring ‘C’-
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FIGURE 5. ‘C’-axis length changes in patients treated with the mod-
ified Twin Block appliance.

FIGURE 6. ‘C’-axis angle u ([Sella-Nasion]–[Sella-M point]) changes
in patients treated with the modified Twin Block appliance.

FIGURE 7. ‘C’-axis angle a ([ANS-PNS]–‘C’-axis) changes in pa-
tients treated with the modified Twin Block appliance.

FIGURE 8. ‘C’-axis length changes in nontreated males and fe-
males.

axis longitudinal growth changes in nontreated individuals,
the reader is referred to Figures 8 through 10.14

In nontreated growing males, the ‘C’-axis length in-
creased at a mean rate of 1.14 mm/year from ages 7.4 to
18.8 years. This is determined by the slope of the linear
regression formula seen in Figure 8, with a correlation co-
efficient (R) of 0.669. In nontreated growing females, the
‘C’-axis length increase with age is characterized by the
second-order regression formula seen in Figure 8, having
an R of 0.618. The rate of change (velocity) of ‘C’-axis
length increase is given by the first derivative of this sec-

ond-order equation17; it is velocity (mm/year) at any given
age 5 20.198 (age) 1 3.45. Thus, the velocity of growth
of the ‘C’-axis may be easily computed for females at any
given age.

In nontreated growing males and females, the growth-
axis angle u ([Sella-Nasion]–[Sella-M point]) increased at
a velocity of 0.358/year and 0.208/year, respectively, from
ages 7.4 to 18.8 years (Figure 9). The palatal plane angle
a ([ANS-PNS]–[‘C’-axis]) increased 0.238/year and 0.208/
year in nontreated growing males and females, respectively,
for the same age range (Figure 10). It should be noted that
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FIGURE 9. ‘C’-axis angle u changes in nontreated males and fe-
males.

FIGURE 10. ‘C’-axis angle a changes in nontreated males and fe-
males.

the correlation coefficients are relatively low for these two
angular measurements (u,a) because the slopes (velocity of
change) of each of the regression formulas approach a hor-
izontal line. (The changes are minimal).

In the female and male groups treated with the Frankel
II appliance, the velocity of growth along the ‘C’-axis was
1.72 and 1.11 mm/year, respectively (Figure 2). In the fe-
male and male groups treated with the modified Twin Block
appliance, the velocity of growth along the ‘C’-axis was
1.24 and 1.60 mm/year, respectively (Figure 5). In nontreat-
ed females, the velocity of growth along the ‘C’-axis was
variable with a high of 2.02 mm/year during the seventh
year of life and steadily decreasing to 0 mm/year during
the 17th year of life (mean velocity, 1.06 mm/year). This
is the age range of females treated with the Frankel II and
with the modified Twin Block appliance. One can conclude
that neither functional appliance had a meaningful effect in
reducing the velocity of growth along the ‘C’-axis in fe-
males. The slightly greater mean velocities found in some
treated with the functional appliances may be because of
two possibilities: (1) the functional-appliance groups’ data
is cross-sectional vs serial data in the nontreated growing

female group and (2) the groups treated with the functional
appliances were relatively small.

The growth-axis angle u change in nontreated growing
females and males was 0.208/year and 0.358/year, respec-
tively. In the group treated with the Frankel II appliance,
the growth angle u change was 0.228/year and 0.438/year
in females and males, respectively. In the group treated with
the modified Twin Block appliance, the growth angle (u)
change was 0.198/year and 0.318/year, respectively. One
may conclude that these alterations in the growth-axis angle
when compared with nontreated individuals of the same
gender are clinically insignificant and easily fall within trac-
ing error (ie, 0.018/year minimum, 0.088/year maximum).

The alterations in velocity of change in the palatal plane
angle (a) related to Sella-M point seen in the groups treated
with the Frankel II and the modified Twin Block appliances
vary from a maximum of 0.68/year (0.7638/year 2 0.2018/
year) in the female group treated with the Frankel II appli-
ance to a minimum of 0.128/year (0.1118/year 2 0.2268/
year) in the male group treated with the modified Twin
Block appliance. Both these alterations in velocity of
change in u and in a are clinically insignificant. For ex-
ample, a two-year treatment regimen with the Frankel II
appliance would produce a mean change in u of
0.168([0.438/year 2 0.358/year] 2 years) in the male groups
and a maximum velocity change in a of 1.28(0.68/year 3
2 years) in the female groups.

CONCLUSIONS

The growth axis (‘C’-axis), which describes the growth
vector of the dentomaxillary complex is not altered in any
clinically meaningful manner through the use of either the
Frankel II or the modified Twin Block appliances. Investi-
gators have reported recently that any positive changes
found in the correction of Class II malocclusions are due
to dentoalveolar changes fortified by relatively favorable
mandibular growth.18
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