The Cervical Facebow
Mandibular Rotation
T. J. FiscHER, D.M.D., M.S.

Since the popularization of the cer-
vical facebow by Kloehn,! this treat-
ment technique has become common
in the correction of Class 11 maloc-
clusions. Consequently, many inves-
tigators have examined the possible
actions and reactions of the cervical
facebow on growth and development
of the craniofacial skeleton. Some
clinicians have utilized this technique
to great advantage in the orthodon-
tic correction of Class 11 malocclu-
sions.?* Others have used the face-
bow primarily as an orthopedic de-
vice to affect the growth of the max-
illa, thereby assisting in the correc-
tion of skeletal dysplasias.®* How-
ever, the benefits of the cervical face-
bow have not been recognized and ac-
cepted by all clinicians. Some criti-
cism has been advanced by investiga-
tors who feel that the reactive forces
of the cervical facebow adversely af-
fect the subsequent treatment of the
malocclusion.’-12 The effect of the
reactive forces has been grouped and
is collectively referred to as the “cer-
vical facebow reaction.”’®* There are
seven parameters that constitute the
“cervical facebow reaction.” They are
relapse to Class I1 molar, lack of fa-
cial improvement, lack of reduction
of ANB angle, upper second molar
positional problems, difficulty in
torquing upper incisors, an unbal-
anced smile, and mandibular rota-
tion.

It is the purpose of this study to
cephalometrically evaluate the effect
of cervical-pull facebow treatment on
mandibular rotation. The term man-
dibular rotation connotes the change
in directional growth and spatial po-
sitioning of the mandible. In this

and
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study, mandibular rotation in a group
of Class 11, Division 1 subjects treated
with cervical pull facebow will be
compared cephalometrically with a
similar but untreated group of Class
I1, Division 1 subjects over the same
time period. To adequately assess
mandibular rotation, four separate
methods of cephalometric superimpo-
sition were utilized for each subject’s
set of radiographs.

REVIEW OF THE LITERATURE

In the past many studies have ex-
amined the influence of cervical face-
bow on the mandible. The first direct
comparative cephalometric study was
done by Epstein in 1948.¢ He ob-
served no change in the relationship
between the lower border of the man-
dible and cranial base that could be
attributed to the application of extra-
oral cervical traction. He also did not
see any permanent molar extrusion
or bite opening as a result of cervical
headgear.

King* noted that in ffty cases
treated with cervical headgear, all ex-
hibited downward growth in excess of
forward growth. Point A was shown
to be displaced posteriorly and
changes in the mandibular plane were
nonsignificant. Newcomb'! observed
that the mandibular plane will subse-
quently close, if opened during treat-
ment. Blueher? also noted that there
was a bite-opening effect as a result
of treatment with cervical headgear,
and that this opening resulted in a
downward and backward displace-
ment of the mandible.

In two separate studies of treated
versus untreated malocclusions, Poul-
ton?s¢ observed a slightly greater in-
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crease in lower face height due to a
downward and backward positioning
of the mandible.

Ricketts® found a direct correlation
between molar extrusion and a de-
crease in mandibular downward and
forward growth. He showed mandibu-
lar plane opening and concluded that
bite-opening mechanics, when applied
on patients of limited growth poten-
tial, can result in irreversible open
bite.

Kloehn® reported no significant
elongation of molar teeth or bite
opening due to mandibular rotation.
Weislander” stated that cervical force
extrudes maxillary molars, but also
noted that there was some extrusion
of the mandibular condyle out of the
glenoid fossa allowing a parallel de-
scent of the mandible.

Schudy®® noted that cervical force
extruded maxillary molars and felt,
with Ricketts, that muscular pressure
is not adequate to intrude mechan-
ically-extruded molars. If extraoral
treatment has caused mandibular ro-
tation, only growth at the condyles
can return the mandible to its orig-
inal inclination. Poulton'? agreed
with Schudy'® and Ricketts® in stating
that steepening of the mandibular
plane through treatment may be per-
manent unless subsequent growth of
the mandibular condyle is compen-
satory.

In another study Schudy*? found
that vertical elongation of the molars
due to facebow treatment had the
same effect as decreased condylar
growth. With an increased molar
height the chin swings downward and
backward exhibiting negative rota-
tion, and the mandibular plane be-
comes steeper. Ringenberg,® in a
study of single-arch cervical traction,
noted that there was a significant in-
crease in the mandibular plane angle.

The research of Merrifield and
Cross™ has shown that the amount of
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extrusion of maxillary molars is re-
lated to the cant of the occlusal plane
which closely follows the mandibular
plane angle.

The preceding studies have demon-
strated that there are many varied
and conflicting opinions concerning
the effect of cervical pull on mandib-
ular rotation. The reason for the va-
riety of ideas seems to be that numer-
ous variables are present during such
treatment. Magnitude, direction and
duration of force, as well as the pa-
tient’s growth, development and bio-
logic response, all contribute to in-
fluence the effects of the cervical
facebow treatment. Many of these
variables may be assessed in measur-
able parameters but many cannot
even be quantified. Furthermore, the
variables that can be accurately mea-
sured are not easily placed under the
clinicians’ control but under the di-
rect influence of the patient.

In evaluating the mandibular re-
sponse to cervical facebow treatment,
the majority of the preceding studies
compared pretreatment and posttreat-
ment cephalometric radiographs. A
superimposed series of tracings gives
a pictorial representation of changes
due to growth and treatment which
is often more valuable than a statisti-
cal one. However, the inherent prob-
lem of superimposition is locating a
reference point void of changes of
position as well as shape during all
stages of growth.

Broadbent*® was probably the first
to realize the difficulty in evaluating
radiographs through superimposition.
He selected points and planes upon
which tracings could be superimposed
by measuring various areas in the
cranial base and selecting the area
which yielded the smallest coefficient
of variability. He found the area to
be the body of the sphenoid bone and
used this fact as a basis for superim-
position on his registration point (R).
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Brodie®# utilized a line from sella
turcica to nasion as a registration for
a method of superimposition. This
line served as a division between the
cranial vault and the face and was
thought to provide a stable base
against which growth could occur.
This method has gained wide accept-
ance by clinicians and seems to be the
leading method by which treatment
effects and growth changes are cur-
rently evaluated.

Bergersen®? developed a method of
cephalometric superimposition, the
intersection point, which statistically
seems to be more accurately adapted
to longitudinal cephalometric re-
search than either the sella-nasion
method or the registration point
method. His evidence indicated that,
during growth, facial landmarks dif-
fuse more accurately from a common
center of movement and migrate
apart from each other more propor-
tionately in the intersection point
method than the other two proce-
dures.

Ricketts,?? utilizing the idea of a
central phenomenon of growth, in-
vestigated the area near the top of the
pterygopalatine fossa as a possible
area for superimposition. He felt this
area was important as it is the loca-
tion of the nerve and blood supply to
the nasal capsule, palatal roof and
maxilla. By utilizing a polar coordi-
nate grid, he developed the correla-
tion coefficient or C.C. point. It is
located at a perpendicular to basion-
nasion from pterygoid point.

This study considered all four
methods of superimposition in exam-
ining the effect of cervical-pull face-
bow treatment on mandibular rota-
tion.

METHODS AND MATERIALS

The treatment group consisted of a
sample of forty subjects, twenty male
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and twenty female. At the initial
clinical examination all subjects were
classified as having Angle Class II,
Division 1 malocclusions. Each sub-
ject was treated with the edgewise ap-
pliance and treatment was continued
until the malocclusion was corrected
and the subject exhibited a Class I
occlusion. In all cases a Kloehn-type
cervical facebow applied to the maxil-
lary permanent first molars was used
for the correction of the malocclusion.
In no cases were any permanent teeth
removed in the course of treatment
nor was there any prolonged use of
Class II elastics for molar correction.
Pretreatment and posttreatment ceph-
alometric radiographs were obtained
for all treated subjects with the age
ranges recorded.

The control group consisted of a
sample of forty subjects, twenty male
and twenty female. Each subject had
been followed longitudinally with
serial cephalometric radiographs and
had undergone no orthodontic treat-
ment. All the control group subjects
had been classified for the study as
having Angle Class II, Division 1 mal-
occlusions. Tracings had been made
each year for all control subjects;
therefore, it was possible to exactly
match the age, sex and time span be-
tween initial and final radiographs of
each control subject with each treat-
ment subject. The age distribution of
the total sample appears in Figure 1.

In all tracings bilateral anatomical
landmarks were bisected and the mid-
point was taken for the cephalometric
measuring point. This technique re-
duces the landmarks to their mid-
sagittal value and minimizes error due
to variation in the positioning of the
subject.

To quantify mandibular rotation
on serial cephalometric radiographs,
a coordinate system was developed.?
Sella turcica was used as the base
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Fig. 1 Age distribution.

point and a line at gnathion was
drawn completing the coordinate sys-
tem. The angular and linear growth
changes were measured on this co-
ordinate system with gnathion at
“Time One” as the starting point.
This system is illustrated in Figure 2.

Growth progress was plotted on the
coordinate system by superimposing
the serial tracings on the sella-nasion
line at sella, on the intersection point,
on the registration point and on the
C.C. point. The amount and direc
tion of growth was measured from
gnathion on the pretreatment radio-
graph to gnathion on the posttreat-
ment radiograph. For each method of
superimposition two variables were
recorded: the intensity of growth in
millimeters, and the angular direc-
tion of growth in degrees.

The initial statistical analysis was
to directly compare the four methods
of superimposition. The control
group and the treatment group were
examined and compared statistically

Fig. 2 Landmarks and coordinate axis.

for intensity and direction of mandib-
ular growth.

The final statistical analysis was a
cross-sectional test to determine the
effect of the cervical-pull facebow on
mandibular rotation. In this analysis
the untreated group was compared
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with the treated group as superim-
posed by the above four methods.

REsuLTs AND Discussion

One hundred sixty radiographs
from eighty patients were examined
and statistically compared. The un-
treated sample was selected to per-
fectly match the treated sample. This
was done to eliminate any unneces-
sary sampling error so that the only
major difference between the two
samples was the orthodontic treat-
ment.

The comparison was between two
variables: direction and intensity of
mandibular growth, utilizing four
methods of superimposition. Both
variables were read directly from the
superimposed tracings. The direction
of mandibular rotation could be in
negative degrees as well as positive,
dependent on which side of the sella-
gnathion line it fell.

The results of the initial analysis
comparing the four methods of super-
imposition between treated and un-
treated groups indicate that there is a
statistically significant difference at
the 0.5 percent level of confidence
among the four methods. This indi-
cated that all four methods of super-
imposition in untreated and treated
Class 1I, Division 1 malocclusions,
utilizing both parameters of man-
dibular rotation, are uniquely dif-
ferent. Consequently, direct compari-
sons of superimpositional methods
could not be made.

Therefore, the final statistical anal-
ysis was a cross-sectional comparison
between the untreated groups and the
treated groups utilizing all four meth-
ods of superimposition. The results
are listed in Tables I, II, IIT and IV.

In evaluating the direction of
growth utilizing the sella-nasion
method and the registration point
method in the control versus the
headgear groups, there was found to
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TABLE 1

COMPARISON OF CONTROL VERSUS
HEADGEAR UTILIZING SELLA-NASION,
Direction
Control Headgear
X 22.55 —15.05
$.D. 28.22 15.75
S.E. 6.31 3.52
Significant at the 0.01 level.
Intensity
Control Headgear
X 8.05 14.10
S.D. 4.22 3.35
S.E. 0.94 0.74

Significant at the 0.01 level.

TABLE 11

COMPARISON OF CONTROL VERSUS
HEADGEAR UTILIZING REGISTRATION
POINT

Direction
Control Headgear
X 17.65 —1055
S$.D. 25.95 15.05
S.E. 5.20 4.60
Significant at the 0.01 level.
Intensity
Control Headgear
X 9.17 15.22
S.D. 5.34 4.47
S.E. 0.97 0.81

Significant at the 0.01 level.

ATDMTI T T
TABLE III

COMPARISON OF CONTROL VERSUS
HEADGEAR UTILIZING INTERSECTION

POINT
Direction
_ Control Headgear
X 0.32 8.01
S.D. 38.86 29.90
S.E. 8.69 6.68
Not significant.
Intensity
_ Control Headgear
X 11.62 11.90
S$.D. 4.10 3.29
S.E. 0.91 0.73

Not significant.

be a significant difference at the one
percent level of confidence. This indi-
cates that in treated cases the treat-
ment had some significant effect
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TABLE 1V

COMPARISON OF CONTROL VERSUS
HEADGEAR UTILIZING C.C. POINT

Direction
_ Control Headgear
X —1.30 4.67
S.D. 31.00 29.07
S.E. 7.77 5.85
Not significant,
Intensity
_ Control Headgear
X 12.77 12.75
S.D. 5.25 444
S.E. 0.88 0.79

Not significant.

on mandibular directional rotation
viewed from these reference lines.
Analyzing the intensity of growth

Sella-Nasion

Control

-90 +90

Range: =-5.67 to 50.0 degrees

Headgear

-90 +90
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with respect to these methods, there
was also found to be a significant dif-
ference at the one percent level of
confidence. This demonstrates that
the treated cases exhibited a change
in growth patterns when compared
with the untreated malocclusions as
judged from these reference lines.
The range of direction for the head-
gear sample, in both sella-nasion and
registration point, indicated that the
cervical facebow produced a signifi-
cantly more downward and backward
mandibular rotation. With regard to
growth intensity, the headgear group
also exhibited a greater amount of
mandibular displacement (Fig. 3).
These findings are in agreement

Registration Point

Control

-90 +90

Range: -8.30 to 43.60 degrees

Headgear

-90 +90

Range: =-30.80 to 0.70 degrees Range: =-25.60 to 4.50 degrees

Fig. 3 Range of direction for setla-nasion and registration point (R).
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Intersection Point

Control
-90 +90
ya AN
Z AN
Range: =-38.54 to 39.18 degrees
Headgear
-90 +90
N\,
Range: -21.89 to 37.91 degrees

Fig. 4

with many of the studies reported in
the literature that noted a downward
and backward positioning of the man-
dible in cases treated with cervical-
pull facebow.

In evaluating the direction of
growth utilizing C.C. point and inter-
section point, there was no significant
difference between headgear and con-
trol groups. This indicates that use of
the cervical facebow had no signifi-
cant effect on mandibular rotation as
viewed from these reference points.

January 1980

C. C. Point

Control

-90 +90
Range: -30.30 to 29.70 degrees
Headgear
-90 +90
TN\
Range: -24.40 to 33.75 degrees

Range of direction for intersection point and C.C. pont.

There was also no significant differ-
ence in intensity of mandibular dis-
placement. This seems to demonstrate
that there was no change in mandib-
ular rotation that could be directly
attributable to the cervical facebow.
These findings are in agreement with
studies in the literature that state that
cervical-pull facebow treatment could
be utilized without disturbing the po-
sition and balance of the mandible
(Fig. 4).

It becomes readily apparent that,
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for the same cases, backward mandib-
ular rotation does and does not occur
with the cervical facebow; the con-
tributory effects of the headgear to
mandibular rotation must be looked
at with a diminishing role. The ap-
parent backward mandibular rota-
tion seems to be correlated with the
methods of superimposition, not the
methods of treatment.

The sella-nasion and registration
point methods must be examined
more closely to determine if they in-
herently produced a more downward
and backward displacement of the
mandible. Possibly, direction of
growth of the cranial base is being
restricted by using sella-nasion and
registration point as a stationary ref-
erence. This arbitrary restraint of
growth of the cranial base would pro-
duce a clockwise rotation of super-
imposed serial tracings and would
necessarily produce a more inferior
migration of mandibular landmarks
which could be interpreted as a back-
ward rotation,

With the intersection point and
C.C. point methods, the serial orien-
tation of the radiographs provided
growth patterns that could be termed
outwardly concentric. As a result,
there was no significant inferior mi-
gration of mandibular landmarks.
Hence, backward mandibular rota-
tion was not apparent in the treated
or the untreated groups.

SUMMARY AND CONCLUSIONS

The purpose of this longitudinal
investigation was to determine wheth-
er the cervical facebow treatment af-
fected mandibular rotation. Pretreat-
ment and posttreatment tracings were
compared using four different meth-
ods of superimposition in the head-
gear group and the control group.
Mandibular rotation was measured in
parameters of direction and intensity.
Statistical evaluations of the data
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were made to determine significant
differences between headgear and con-
trol groups.

The following conclusions can be
made:

(1) There is a significant difference
among the four methods of cephalo-
metric superimposition.

(2) The sella-nasion and registra-
tion point methods showed a signifi-
cant difference in mandibular growth
direction and intensity between the
headgear and the control cases while
the intersection and C.C. methods did
not.

Naval Regional Dental Center
Box 65-1610
FPO Seattle, 98765
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