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ABSTRACT
Aim: To evaluate the degree of the reliability of the S–N reference line by using highly stable reference
lines (vertical and horizontal cranial axes). Materials and Methods: The sample of the study
comprised of lateral cephalometric radiographs of patients 13–18 years, 12 males and 12 females for
each of the three skeletal relationships. The ANB angles were 0–2, more than 2 and less than zero
respectively. The method was conducted by localization of the anterior superior of anterior wall of sella
turcica point (As), which is stable at age 5–6 years, drawing the Vertical Cranial Axis (VCA) which
pass through the point As and tangent to the upper part of the anterior wall of the sella turcica (at least
for 3 mm); then, drawing the Horizontal Cranial Axis (HCA), which is perpendicular to the VCA at the
As point. The deflection and the sagittal dimension of the S–N line were measured to evaluate the
variation in the location of the points S and N, which are the determinant of the S–N line. Results:
Point N had significantly local variation between gender and among the three skeletal relationships, but
that point S had insignificant local variation between gender and among the three skeletal relationships.
Conclusion: The S–N line is not stable due to unstability of the location of point N.
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INTRODUCTION
Cephalometric analysis is considered

the main aspect to determine the accurate
diagnostic evaluation in orthodontics that
involving a comparison of an individual
cephalometric finding with norms for his/
her ethnic group.

The majority of cephalometric measu-
rements of the craniofacial parameters rel-
ated to the relative stable line or lines. Ma-
ny of the lateral cephalometric analyses re-
ferred the value of the parameters to the
Frankfort Horizontal Plane (FH),(1–3) and
other referred the value to the anterior cra-
nial base plane (S–N plane).(4, 5) It was bel-
ieved that the S–N plane is more reliable
reference plane than FH plane.(5–7)

The S–N reference plane is affected
by the growth pattern.(8) The posterior wall
and the floor of the sella turcica has conti-
nuous resorbing until 16–17 years of age.
The center of sella turcica can not be rega-
rded as stable until well after puberty.(9)

The anterior wall of sella turcica is stable
by age 5–6 years of age.(9)

Because the values of cephalometric
analysis are very vital in determining the
normal skeletal and dental relations, thus

the reliability of the S–N reference plane
gave great attentions to the researchers.
Bishara et al.(10) concluded that the relative
variability of position of the points S and
N are determinant factors in establishing
the relative rotation of the S–N reference
plane. This conclusion was matching the
thought that the possible differences in re-
corded values of the angle SNA that could
be partly ascribed the true variability in the
antero–posterior location of the maxilla,
whereas another part could be explained
by the differences in the cranial base as re-
presented by S–N plane.(11–13) Mills(14) de-
monstrated that the significance of the
ANB angle varies according to the size of
the angles SNA and SNB, which in turn
are affected by the length and cant of the
S–N plane (the relative vertical and sagitt-
al location of the N and S points).

This study was designed to evaluate
the degree of the S–N plane deflection and
its sagittal dimensions variation among the
Classes I, II and III dental and skeletal rel-
ationships for both sexes.

MATERIALS AND METHODS
The sample consisted of 72 lateral

Reliability of the S–N line

ISSN: 1812–1217

Al–Rafidain Dent J
Vol. 6, No. 1, 2006



 36

cephalometric radiographs of Classes I, II
and III dental and skeletal relationships for
the patients who were attended Departme-
nt of Pedodontics, Orthodontics and Prev-
entive Dentistry, College of Dentistry, Un-
iversity of Mosul. The age of the patients
was 13–18 years. The sample was grouped
according to skeletal relationships depend-
ing on the ANB angle into Classes I, II
and III. The ANB angle was 0–2 degree,
more than 2 degree and less than 0 degree
respectively. Each group was comprised of
12 lateral radiographs for each sex.

The methods were conducted (Figure
1) by:
 1. Tracing the lateral cephalometric radiog-

raphs.
 2. Localize the point As: The anterior supe-

rior point of the anterior wall of sella tur-
cica (at the junction of the anterior wall
of sella turcica with the anterior cranial
baseline, which is stable at 5–6 years).(14)  

 3. Drawing the Vertical Cranial Axis (VC-
A) by drawing a line tangent to the point
As and passing within the superior part
of the anterior wall of sella turcica to av-
oid any discrepancy in the configuration
of sella turcica inferiorly.

 4. Drawing the Horizontal Cranial Axis
(HCA) by drawing a perpendicular line
to the VCA at the point As.

 5. Evaluation the reliability of the S–N line
was conducted by:
I. Measuring the degree of the deflecti-

on of the S–N line. The deflection of
the S–N line is mainly due to upward
or downward location (vertical locati-
on of the points N and/or S). The poi-
nt of the antero–superior of the anteri-
or wall of sella turcica is considered a
stable point. Therefore, the S–N line
deflection is partly or completely due
to the deflection of the lines; N–As
and/or S–As in relation to the HCA.

II. Measuring the sagittal dimension of
the S–N line. The sagittal dimension
of S–N line is a result of the anterior
or posterior location of the points N
and S. To reveal the variation in loca-
tion of these points, the point As was
used (as stable point) as reference po-
int to measure how far these points N
and S away from the point As. These
parameters were N–As and S–As dist-
ances.

III. 

The data were analyzed by applicati-
on of the following statistical analyses:
1) Descriptive analysis, including the me-

an, standard deviation, minimum and
maximum values.

2) Student’s t–test at p<0.05 significant
level for sex variation.

3) Duncan’s Multiple Range Test at p<
0.05 significant level for skeletal grou-
ps variation.

N
As

VCA

HCA

S

Figure (1): The vertical and horizontal
cranial axises

N: Nasion. S: Center of the Sella tursica Point.
As: Anterior Superior Point of   Anterior Wall
of Sella Turcica.
VCA: Vertical Cranial Axis.
HCA: Horizontal Cranial Axis.
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RESULTS
The results of the deflection of the S–

N line in relation to the HCA were catego-
rized into:
1) Deflection; sex variation at p<0.05 sig-

nificant level of the lines N–As and S–
As were represented in Table (1).

The N–As deflection showed signific-
antly increase mean value in male than fe-
male for the three skeletal relationships.
(Table 1).

The S–As deflection demonstrated in-
significantly higher mean value in male th-
an female for all the skeletal relationships.
2) Deflection; the skeletal variation (Clas-

ses I, II and III) at p<0.05 significant
level of the line; N–As and S–As were
shown in Table (2).

The N–As deflection in male and fe-
male appeared significantly increase in
mean value in Class III than Classes I and
II. Skeletal relationships and Class I was
greater mean value than Class II skeletal
relationships. (Table 2 and Figure 2).

The S–As deflection in male and fem-
ale revealed insignificantly higher mean
value in Class III than Classes I and II. Sk-
eletal relationship and Class I was insigni-
ficantly more mean value than Class II sk-
eletal relationship (Table 2).

Table (1): Deflection, sex variation of the lines N–As and S–As

Sex Mean + SD Minimum
Value

Maximum
Value

t–
value SignificanceSkeletal

Relation N–As Deflection (in degrees)

Class I Male
Female

13.76
9.32

3.11
3.24

10
5

19
14 3.84 Significant*

Class II Male
Female

10.15
7.24

2.83
3.45

6
3

16
13 4.62 Significant*

Class III Male
Female

21.80
17.38

4.61
4.32

10
9

36
23 4.26 Significant*

S–As Deflection (in degrees)

Class I Male
Female

32.13
30.85

4.62
3.86

22
13

42
48 1.23 Not

Significant**

Class II Male
Female

31.4
29.63

3.88
4.21

18
12

50
45 1.68 Not

Significant**

Class III Male
Female

35.53
33.86

4.35
4.61

30
28

51
41 1.26 Not

Significant**
SD: Standard deviation
*Significant (p<0.05 level).
** Not significant (p>0.05 level).

Table (2): Deflection, skeletal variation for the lines N–As and S–As
in males and female

N–As Deflection
(in degrees)

S–As Deflection
(in degrees)Skeletal

Relation Sex
Mean* + SD F–value Mean* + SD F–value

Class I
Class II
Class III

Males
13.76 B
10.15 C
21.38 A

3.11
2.83
4.61

7.46
32.13 A
31.40 A
35.53 A

4.62
3.83
4.35

1.32

Class I
Class II
Class III

Females
9.32 b
7.24 c

17.38 a

3.24
3.45
4.32

7.32
30.85 a
29.63 a  
33.86 a

3.86
4.21
4.61

1.41

*Means with different letters were statistically significant at p<0.05 level.
SD: Standard deviation.
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Figure (2): Mean of deflection, skeletal variation
for the line N–As in males and females

The results of the sagittal dimension
of the S–N line was categorized into:
1) The sagittal dimension; sex variation at

p<0.05 significant level of the lines; N–
As and S–As (Table 3).

The N–As dimension showed signifi-
cantly increase mean value in male than
female in the three skeletal relationships.
(Table 3)

The S–As dimension revealed insigni-
ficantly greater mean value in male than
female in the three skeletal relationships.
2) The sagittal dimension; skeletal variati-

on at p<0.05 significant level of the lin-

es; N–As and S–As (Table 4).
The N–As dimension in male and fe-

male appeared significantly increase in
mean value in Class II than Classes I and
III skeletal relationships and Class I was
significantly greater mean value than Class
III skeletal relationship. (Table 4 and Figu-
re 3)

The S–As dimension in male and fe-
male showed insignificantly greater mean
value in Class II than Classes I and III ske-
letal relationships, and Class III was insig-
nificantly higher mean value than Class I
skeletal relationship. (Table 4)

Table (3): Sagittal dimension, sex variation
of the lines N–As and S–As between sex

Sex Mean + SD Minimum
Value

Maximum
Value

t–
value SignificanceSkeletal

Relation N–As Dimension (in millimeters)

Class I Male
Female

59.9
54.6

3.2
3.4

42.5
38.5

64.5
62.5 3.12 Significant*

Class II Male
Female

65.3
59.4

3.8
3.9

52.5
43.5

79.5
63.5 3.24 Significant*

Class III Male
Female

54.8
42.5

3.5
3.6

41.5
38.5

68.5
64.5 3.67 Significant*

S–As Dimension (in millimeters)

Class I Male
Female

5.3
4.8

1.8
1.6

2.5
1.5

8.5
7.5 0.46 Not

Significant**

Class II Male
Female

7.6
6.8

2.2
2.5

4.5
2.5

9.5
9 0.68 Not

Significant**

Class III Male
Female

5.8
5.2

2.3
2.1

2
1.5

7.5
8 0.39 Not

Significant**
SD: Standard deviation
*Significant (p<0.05 level).
** Not significant (p>0.05 level).

5

10

15

20

25

Class I Class II Class III

Female Male

M
ea

n 
(in

 d
eg

re
es

)

Al–Rafidain Dent J
Vol. 6, No. 1, 2006

Obaidi HA



 39

Table (4): Sagittal dimension, skeletal variation for the lines N–As and S–As
among the three skeletal relations in males and female

N–As Dimension
(in millimeters)

S–As Dimension
(in millimeters)Skeletal

Relation Sex
Mean* + SD F–value Mean* + SD F–value

Class I
Class II
Class III

Males
59.9 B
65.3 A
54.8 C

3.2
3.8
3.5

7.28
5.3 AB

7.6 A
5.8 A

1.8
2.2
2.3

3.84

Class I
Class II
Class III

Females
54.6 b
59.4 a
42.5 c

3.4
3.9
3.6

6.83
4.8 a
6.8 a
5.2 a

1.6
2.4
2.6

1.62

*Means with different letters were statistically significant at p<0.05 level.
SD: Standard deviation.

Figure (3): Mean of sagittal dimension, skeletal variation
for the line N–As in males and females

DISCUSSION
The significantly high deflection of

the N–As line in relation to the HCA was
shown in male than female for the three
skeletal relationships, could be due to gen-
erally increase of the craniofacial paramet-
ers in male than female. These came in ac-
cordance with the findings of other studi-
es.(15, 16) Sex variation could be due to that
male grow at faster rate and for long peri-
od of time than female as concluded by ot-
her researchers.(17, 18) Contrary to this conc-
lusion, Kerr and Ford(19) reported no sex
difference in craniofacial parameters. Whi-
le Graber(20) observed that the sex variation
is strongly genetically determined.

The significant increase deflection
(angle) in the N–As line in relation to the
HCA was explored in Class III than Class-
es I and II skeletal relationships. This cou-
ld be due to the difference in the growth
pattern of these skeletal relationships, wh-
ich cause more upward location of the poi-
nt N. This came in accordance with the fi-

ndings of other studies.(21–23)  
The significant higher deflection of

the N–As line in relation to the HCA was
demonstrated in Class I than Class II skel-
etal relationship, indicating that the deflec-
tion of the N–As in Class I represents the
average deflection of the compensatory gr-
owth pattern that compared with Classes II
and III skeletal relationships. This was ma-
tched with the findings of other studi-
es,(24,25) which observed that the cranial ba-
se parameters affect the skeletal relations-
hips.

The non significance in the deflection
of the S–As line in relation to the HCA be-
tween male and female for the three skele-
tal relationships indicated that the point S
has no statistically vertically location vari-
ation and do not significantly affected the
S–N line. This result matched the suggesti-
on of Johnson,(26) who reported that the ce-
ntral area of the tracing lateral skull radio-
graphs appeared to be the least variable
point. Mills(14) stated that the significance
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of the SNA angle and SNB, which in turn
are affected by the length and cant of the
S–N and the relative upward and downwa-
rd location of the N point.

The non significant difference in the
deflection of the S–As line in relation to
the HCA among the three skeletal relation-
ships declared that the point S has low ver-
tical variation and has no statistical influe-
nce on the cant of the S–N line. This was
similar to the suggestions of other studi-
es,(14, 26) which concluded that the central
area (S) of the cranial base is the least loc-
al variation.

The significantly increase in the sagit-
tal dimension of the N–As line in male th-
an female for the three skeletal relationshi-
ps could be explained generally by the fact
that craniofacial parameters are greater in
male than female as reported by other res-
earchers.(15, 27, 28)

The significantly greater sagittal dim-
ension of the N–As line in Class II than
Classes I and III skeletal relationships was
obviously due to the large cranial base in
Class II than in Classes I and III skeletal
relationships, which affected the sagittal
dimension of the S–N line. This was coor-
dinated to the conclusions of other studi-
es,(19, 29–31) which found that the protruded
maxilla associated with greater length of
the sphenoid bone and the anterior cranial
base.

The significant high mean value of
the sagittal dimension of Class I than Class
III skeletal relationship could be explained
that the Class I skeletal relationship repre-
sent the average subject when compared
with Classes II and III skeletal relationshi-
ps.

The insignificant difference in sagittal
dimension of the S–As line was appeared
between male and female. This declared
that point S is high stable point antero–po-
steriorly and has less statistical influence
on the length of the S–N line. This result
was matching to the conclusion of other st-
udies.(14, 26)

The insignificant difference of the
mean values of the sagittal dimension of
S–As line appeared among the three skele-
tal relationships could be explained obvio-
usly that point S has low antero–posterior
local variation which does not affect the
S–N line statistically. This came in coordi-

nation with other researchers,(14, 26) who re-
ported that point S is relatively high stable
point.

CONCLUSIONS
The point N is not stable point among

the three skeletal relationships for male
and female, while the point S is relatively
high stable point among the three skeletal
relationships for male and female.

The line S–N is not reliable reference
line, whereas the vertical and horizontal
cranial axes are the alternative to apply in
the cephalometric radiograph analysis.
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