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Correlation of the Cranial Base Angle and Its Components
with Other Dental/Skeletal Variables and Treatment Time

Louis M. Andria, DDS, MS, FICDa; Luis P. Leite, DDS, MSb; Tracie M. Prevatte, BSc;
Lydia B. King, MPHd

Abstract: Many authors have studied the correlation of cranial base flexure and the degree of mandibular
prognathism and classification of malocclusion. This indicates that the cranial base flexure may or may
not have an effect on the degree of mandibular prognathism and classification of malocclusion. This study
evaluates the correlation of the pretreatment cranial base angle and its component parts to other dental and
skeletal cephalometric variables as well as treatment time. The sample consisted of 99 Angle Class II and
Class I malocclusions treated in the mixed dentition with cervical headgear and incisor bite plane. Thirty
of the patients required full appliance treatment. Treatment duration averaged 4.3 years (SD, 1.5 years).
Only the starting cephalograms were used to acquire linear, proportional, and angular cranial base dimen-
sions using Ba-S-N (total cranial base), Ba-S/FH (posterior cranial base), and SN/FH (anterior cranial
base). Pearson product moment correlation coefficients were computed and used to assess the association
of the following skeletal and dental variables: N-Pg/FH, MP/FH, Y-axis/FH, U1/L1, L1/MP, A-NPg mm,
A-Perp, B-Perp, and treatment time with the cranial base measurements. Significance was determined only
when the confidence level was P , .05. Although there was no significant correlation of BaSN or SN/FH
with NPg, the angular BaS/FH, linear BaS mm, and proportional length of BaS %BaN were all statistically
negatively correlated to the facial angle. This indicates that the posterior cranial base leg is the controlling
factor in relating the cranial base to mandibular prognathism. (Angle Orthod 2004;74:361–366.)

Key Words: Cranial base; Mandibular protrusion; Correlation coefficients; Posterior cranial base leg;
Treatment time

INTRODUCTION

There is an abundance of contradictory literature relating
the cranial base flexure to the classification of malocclusion
and the degree of mandibular prognathism. One group con-
tends that the cranial base flexure has no effect on the class
of malocclusion or mandibular prognathism,1–11 whereas
others contend that the cranial base flexure is a factor.12–28

The cranial base consists of two legs. For cephalometric
measurement purposes, the maxilla is attached to the an-
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terior leg that extends from the sella turcica (S) to the fron-
tal-nasal suture (N). The mandible is attached to the pos-
terior leg extending from the sella turcica (S) to the anterior
border of the foramen magnum, defined as basion (Ba).
Therefore, geometric logic would dictate that any change
in flexure could affect the relationships of the maxilla and
mandible and influence the type of malocclusion.

This investigation tests several null hypotheses on the
effect of the cranial base angle on skeletal profile and dental
relationship.

• The cranial base angle (BaSN) and its component parts
(BaS/FH and SN/FH) will have no effect on the maxilla
and mandible positions in the profile.

• The cranial base angle and its component parts will have
no influence on the alveolar positions in the profile.

• The cranial base angle and its component parts will have
an effect on incisor relationships.

• The cranial base angle and its component parts will have
no relationship to the length of treatment time.

MATERIALS AND METHODS

Pretreatment cephalometric records of 99 Angle Class II
and Class I male and female patients were selected at ran-
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FIGURE 1. Cephalometric landmarks.

FIGURE 2. Cephalometric planes.

FIGURE 3. Cranial base and middle-face depth.

dom from the files from one of the author’s private practice
and donated to the Pediatric Dentistry/Orthodontic Depart-
ment at the Medical University of South Carolina. There
were 34 males and 65 females, and the mean age of the
patients was 9.7 years with a standard deviation of two
years. All patients were treated in the mixed dentition, with
30 requiring fixed-appliance therapy. The criteria used in
selection were as follows: (1) lateral cephalometric head
films were of excellent quality with clearly visible cepha-
lometric landmarks; (2) no patients had congenital anom-

alies, significant facial asymmetries, or congenitally miss-
ing teeth; and (3) records for each patient included dental
casts, facial photographs, full mouth, or panoramic radio-
graphs and lateral cephalometric head films. Pretreatment
starting records were selected for the study. Each starting
cephalometric head film was traced, and both midline and
bilateral images were traced. All bilateral images were bi-
sected and thereafter treated as midline structures inasmuch
as the cranial base is a midline structure. Linear measure-
ments were read to the nearest 0.05 mm, and all angular
measurements were read with a standard protractor to the
nearest 0.058. A right-angle coordinate system, as described
by Coben,29 was used to determine proportions relative to
total cranial base length. The presence of clinical treatment
folders enabled the inclusion of treatment time. The mean
treatment time was 4.3 years with a standard deviation 1.5
years.

Pearson product moment correlation coefficients and P
values were computed for each of the cranial base mea-
surements Ba-S-N (total cranial base), Ba-S/FH (posterior
cranial base), and SN/FH (anterior cranial base) with the
following variables: N-Pg, MP/FH, Y-axis/FH, U1/L1, L1/
MP, A-NPg mm, A-Perp, B-Perp, BaS %BaN, and treat-
ment time. Significance was determined only when the con-
fidence level was P , .05.

Cephalometric landmarks and measurements

The landmarks and planes used are presented in Figures
1 and 2. Linear measurements were acquired by projecting
cranial landmarks at right angles to Frankfort horizontal
(Figure 3). A right-angle coordinate system was used to
determine proportional data.29 The position of the alveolar
bases were determined by relating A to the facial plane and
points A and B as perpendicular to Frankfort horizontal and
recording the linear distance from the facial plane (A and
B perpendicular). The legs of the cranial base angle and

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



363CORRELATION OF THE CRANIAL BASE AND TREATMENT TIME

Angle Orthodontist, Vol 74, No 3, 2004

TABLE 1. Correlation of Cranial Base Angle with Other Cephalo-
metric Variables

Variable
Correlation
Coefficient P

BaSN with BaS/FH
BaSN with SN/FH
BaSN with facial angle
BaSN with mandibular plane
BaSN with Y-axis
BaSN with interincisal angle
BaSN with lower incisor to MP
BaSN with A-NPg
BaSN with A-Perp
BaSN with B-Perp
BaSN with BaS %BaN
BaSN with treatment time

.917715

.643815
2.166264

.016222
2.017093
2.087958

.114729

.032453
2.073202
2.169722

.799225
2.181916

,.0001*
,.0001*
..05
..05
..05
..05
..05
..05
..05
..05
,.0001*
..05

* Statistically significant.

TABLE 2. Correlation of Posterior Cranial Base Angle with Other
Cephalometric Variables

Variable
Correlation
Coefficient P

BaS/FH with facial angle
BaS/FH with mandibular plane
BaS/FH with Y-axis
BaS/FH with interincisal angle
BaS/FH with lower incisor to MP
BaS/FH with A-NPg
BaS/FH with A-Perp
BaS/FH with B-Perp
BaS/FH with BaS %BaN
BaS/FH with treatment time

2.30349
.073017
.122036

2.132781
.169976
.095684

2.13402
2.263645

.867678
2.175447

.0023*
..05
..05
..05
..05
..05
..05

.0084*
,.0001*
..05

* Statistically significant.

TABLE 3. Correlation of Anterior Cranial Base Angle with Other
Cephalometric Variables

Variable
Correlation
Coefficient P

SN/FH with facial angle
SN/FH with mandibular plane
SN/FH with Y-axis
SN/FH with interincisal angle
SN/FH with lower incisor to MP
SN/FH with A-NPg
SN/FH with A-Perp
SN/FH with B-Perp
SN/FH with BaS %BaN
SN/FH with treatment time

.181484
2.090229
2.27219

.047725
2.063338
2.101069

.082349

.095109

.251986
2.103519

..05

..05
.0064*
.05

..05

..05

..05

..05
.02552*

..05

* Statistically significant.

TABLE 4. Correlation of Posterior Cranial Base Linear Length with
Other Cephalometric Variables

Variable
Correlation
Coefficient P

BaS mm with BaSN
BaS mm with BaS/FH
BaS mm with SN/FH
BaS mm with facial angle
BaS mm with MP/FH
BaS mm with Y-axis
BaS mm with U1/L1
BaS mm with lower incisor to MP
BaS mm with A-NPg
BaS mm with A-Perp
BaS mm with B-Perp
BaS mm with treatment time

.748958

.827113

.206977
2.28054

.105706

.173118
2.19377
2.241258

.162245
2.11799
2.23399
2.25442

,.0001*
,.0001*

.0039*

.0052*
..05
..05
..05

.0172*
..05
..05

.019*

.011*

* Statistically significant.

TABLE 5. Correlation of Proportional Cranial Base Length with
Other Cephalometric Variables

Variable
Correlation
Coefficient P

BaS %BaN with facial angle
BaS %BaN with mandibular plane
BaS %BaN with Y-axis
BaS %BaN with interincisal angle
BaS %BaN with lower incisor to MP
BaS %BaN with A-NPg
BaS %BaN with A-Perp
BaS %BaN with B-Perp
BaS %BaN with BaS/FH
BaS %BaN with SN/FH
BaS %BaN with treatment time

2.23095
.108482
.167436

2.26593
.254832
.147829

2.03689
2.20278

.867678

.251986
2.22796

.0192*
..05
..05

.0078*

.0109*
..05
..05

.0441*
,.0001*

.0255*

.0297*

* Statistically significant.

facial and mandibular plane angles were related to the
Frankfort horizontal.

RESULTS

Table 1 indicates that the only significant correlation
found with the cranial base angle was the positive corre-
lation with its two legs and with the proportional length of
the posterior cranial base. In contrast, Table 2 illustrates that
the posterior leg had a significant negative correlation with
the facial angle and B perpendicular and of course a posi-
tive correlation with its proportional linear length to total
cranial base length. Table 3 indicates that the anterior leg
only has a significant negative correlation to the Y-axis and
a significant positive correlation to the linear proportional
length of the posterior leg to the total cranial base length.

The linear length of the posterior leg of the cranial base
had a significant positive correlation with cranial base an-
gle; the posterior cranial base angle to Frankfort horizontal,
the anterior cranial base angle to Frankfort horizontal, and
the facial angle are given in Table 4. Although there was
no correlation to the maxilla’s position in the profile or in
the interincisal angle, a significant negative correlation was

indicated by the lower incisor angulation to the mandibular
plane and to the mandibular alveolar position in the profile
as well as to the treatment time.

Table 5 shows whether a difference existed between the
proportional lengths of the posterior leg compared with the
actual linear lengths. A striking contrast existed, with a pos-
itive correlation of the proportional length of BaS to the
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FIGURE 4. (A) Cranial base angle. (B) Cranial base angle can be
altered by posterior flexion. (C) Cranial base angle can be altered
by changes in anterior height. Each variation can affect the mandib-
ular relation to other facial structures.

lower incisor inclination, indicative of an increase in the
incisor angles. An apparent clashing existed with the neg-
ative correlation of the lower incisor inclination on the
mandibular plane to the linear length of BaS, showing a
decrease in the angle. A larger proportional length may be
the result of a longer posterior cranial base to a shorter total
cranial base length as demonstrated by the significant pos-
itive correlation of BaSN to SN/FH. A positive correlation
would reduce the length of both the anterior and total cra-
nial base lengths and thereby proportionally increase the
posterior cranial base length. Both the linear and propor-
tional lengths had the same statistically significant negative
correlation to the facial angle, B perpendicular, and treat-
ment time. Both had similar positive significant correlations
to BaS/FH, SN/FH, and BaSN.

DISCUSSION

Frankfort horizontal was selected as the reference plane
in describing the anterior and posterior cranial bases be-
cause of the close physiologic relation between the ear and
the eye as represented by the cephalometric landmarks po-
rion and orbital.30 The variation of the Frankfort plane has
been shown to vary around zero degrees and represents a
horizontal to the earth’s surface.31 The semicircular canals
in the ear and the orbital size change little at an early age
with the downward movement of the maxilla compensated
by deposition on the orbital floor.32 The sense of balance is
intimately related to sight. One only has to observe any
individual attempting to maintain their equilibrium with
their eyes closed. Any change in this relationship during
growth would have adverse effects.

It is wrong to equate the variation of the cranial base
angle only to Basion because two legs are present and three
points of reference (any of which can vary horizontally or
vertically) are necessary in the formation of an angle (Fig-
ure 4). The back leg (BaS) of the cranial base angle (BaSN)
may be tipped anteriorly or posteriorly, whereas the front
leg (SN) may also be tipped up or down anteriorly by a
variation in either S or N vertically. Furthermore, variable
lengths may compensate for any cranial deflection, eg, an
acute posterior leg that places the mandible forward can
have this action negated by a long posterior leg that places
both Basion and the mandible posteriorly and vice versa.

Initial evaluation of the cranial base angle may be in
agreement with previous studies that indicated that the de-
gree of flexure has no effect on the class of malocclusion.1–11

In contrast the statistically significant negative correlation
of the posterior cranial base angle to both the facial angle
and B perpendicular would imply that as the angle in-
creased, both the skeletal and alveolar components of the
mandible would be located more posteriorly in the face, as
seen in the typical Class II division 1 patient. This may
explain the contrasting findings of the studies indicating the

opposite,12–28 where only the total cranial base angle was
evaluated.

The statistically negative correlation of SN/FH to the Y-
axis implies that a larger anterior cranial base angle would
produce a more acute Y-axis. The Y-axis has been used as
an indicator of both horizontal and vertical mandibular de-
velopment. Yet, no statistical significance is seen when SN/
FH is related to either the facial angle or the mandibular
plane (Table 3). An additional factor that cannot be ignored
is the position of sella turcica. A lower sella would increase
the anterior cranial base angle and simultaneously reduce
the Y-axis. Once again finding an answer appears to pro-
duce another question. The answer may be the statistically
significant positive correlation of SN/FH to the proportional
length of the posterior cranial base. This corroborates the
suggestion of a lower position of sella. A lower sella would
produce a larger cranial base angle, and Table 1 demon-

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



365CORRELATION OF THE CRANIAL BASE AND TREATMENT TIME

Angle Orthodontist, Vol 74, No 3, 2004

strates a statistically positive correlation of BaSN to the
proportional length of BaS, whereas a higher nasion would
have no effect on the effective length of BaS.

The additional factor of linear and proportional lengths
of the posterior cranial base may compensate for angular
variations. Both the total cranial base and posterior cranial
base angles may well be within a one standard deviation
range, but the linear and proportional dimensions may vary.
Because the glenoid fossa is located in the posterior cranial
base, an elongated cranial base would bring the glenoid
fossa back12,22 and the mandible with it. Tables 2 and 4 have
almost identical negative significant correlations relating
both the angular and linear posterior cranial base values to
the facial angle and the B perpendicular.

The significant negative correlations to treatment time
and insignificance with the angular values found in both the
linear and proportional posterior cranial base lengths could
be indicative that the linear factors are more influential than
the angular in predicting the length of treatment time. Ap-
parently treatment time will be reduced when the linear and
proportional lengths of the posterior leg are longer. An ob-
tuse posterior cranial base angle may, on occasion, have a
short linear or proportional length, thereby reducing the sig-
nificance level of the angular variable. A shorter posterior
length in an obtuse posterior cranial base angle would place
the glenoid fossa and the condyle at a higher level, possibly
increasing the mandibular plane angle. This would be ac-
companied by a greater vertical component to mandibular
growth and a lesser horizontal component, thereby increas-
ing the treatment time for Class II correction.

Future studies will include any changes that may have
occurred at the conclusion of treatment and a minimum of
two years after removal of all retainers. A possible increase
in the sample size may enable an evaluation of the con-
stancy of the saddle angle,33 sex differences,34 sex differ-
ences during pubescence,35,36 and cranial variation after
treatment and after retention.

CONCLUSIONS

The cranial base or saddle angle by itself does not appear
to have any statistical significance to the position of the
chin in the profile, the incisor relationships, the alveolar
points A and B, or the length of treatment time. The an-
terior cranial base does not appear to have any statistically
significant relationship to the position of the chin in the
profile, the mandibular alveolar component, the incisor re-
lationships, or the length of treatment time.

In contrast, the posterior cranial base angle has a statis-
tically significant negative correlation to both the skeletal
facial angle and the alveolar point reflecting a more pos-
terior skeletal and alveolar position of the mandible. The
linear length of BaS demonstrated statistically negative cor-
relations to the facial angle, the alveolar point B, the lower
incisors angulation on the mandibular plane, and the treat-

ment time. The proportional length differed from the linear
only with an additional negative correlation of the interin-
cisal angle and a positive correlation of the lower incisors
angle on the mandibular plane. As the proportional length
increased, the interincisal angle decreased, whereas the low-
er incisor became more upright to the mandibular plane.
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