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NATURAL HEAD POSITION
IN STANDING SUBJECTS
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The natural head position in standing subjects was studied on cephalometric profile radio-
graphs of 120 Danish male students aged 22——30 vears. Two head positions were recorded,
one determined by the subjects own feeling of a natural head balance (the self balance posi-
tion) and the other by the subject looking straight into a mirror (the mirror position). The
reproducibility of the two head positions was assessed. The reference points were recorded by
the D-Mac Pencilfollower on punched cards, and a computerized technique was developed
for transfer of reference points between the two series of films. It was found that in the mirror
position the head was kept higher than in the self balance position. The variability in inclina-
tion of the craniofacial and cervical reference lines to the true vertical and to each other in
the two head positions was reported. Analysis of the pattern of associations within the cranio-
cervical complex was suggested to clarify the relationship between head balance and facial
morphology.

The natural head position has been the subject of considerable interest in
anthropological as well as in orthodontic literature. Widespread search has
been made for a craniofacial reference plane which in the natural head posi-
tion would exhibit a relatively constant relationship to the true horizontal
or vertical plane. In the anthropological field the interest seems to have
been motivated by a requirement for comparisons of ecranial morphology
in different population groups (von Baer & Wagner, 1861; Broca, 1862;
von Ilhering, 1872; Schmidt, 1876; Liithy, 1912). In the orthodontic area
the search may primarily have been due to a need for assessment of facial
esthetics in orthodontic analysis and treatment planning (Downs, 1956;
Bjerin, 1957; Moorrees & Kean, 1958; Schénherr, 1967; Mills, 1968).
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The natural head position has also been used for orientation of the head in
studies of the mandibular rest position (Tallgren, 1957, 1966} and of the
oro-pharyngeal structures (Carlséé & Letjon, 1960; Bench, 1963; Cleall,
1965; Cleall et al., 1966; Fromm & Lundberg, 1970).

The methods used for definition of the natural head position vary among
the different authors. In particular it may be noted that in some of the studies
mentioned, the position of the head was defined by means of a mirror (Bje-
rin, 1957; Moorrees & Kean, 1958), or a light source (Cleall, 1965; Cleall
et al., 1966), while in others no external reference was used. The registra-
tion of the head position has mainly heen performed in the sitting position.

In previous studies of the natural head position the interest has been di-
rected mainly towards the relationship of the head to the surroundings. No
systematic aalysis seems to have been made of the relationship of the head
to the cervical column, and only minor attention has been devoted to the
position of *he cervical column in relation to the true vertical. In order to
elucidate 1 thiese relationships a roentgen cephalometric investigation of
the natvral head position in the erect posture was undertaken in a group of
young Danish adulis,

The purpose of the present paper is to report the methods of investigation
and the reliability of these methods. The study further aims to present de-
scriptive data on the relationship of the head and cervical column te the
true vertical and to each other.

MATERIAL AND METHODS

Material. The sample consisted of male students from the Royal Dental
College in Copenhagen. Subjects in the age range 20—30 years were chosen
randomly from the two final classes during the years 1968 and 1969. No
selection was made with regard to dental conditions, Three subjects dis-
playing coalescence of cervical vertebrae on the cephalometric films, one
subject with bilateral hypoplasia of the mandibular condyles and one with
marked facial asymmetry were excluded. The final size of the sample was
120 subjects. The mean age was 24.9 years with a range from 22 to 30 years.

Roentgenographic technique. For the cephalometric profile recordings in
the standing position a cephalometric unit designed by Bjérk was used in
which the headholder, coupled to the x-ray source, is vertically adjustable
and operated by a foot switch (Bjirk, 1968). An 0.5 mm lead wire suspending
a weight was nounted in front of the cassette in order to indicate the true
vertical on the fiim (Fig. 1). The transverse adjustment of the head in the
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Fig. 1. Close-up of headholder of cephalometric unit (Bjérk 1968). An 0.5 mm lead wire
suspending a weight was mounted in front of the cassette for indication of the true vertical
on the film (arrow).

cephalostat was facilitated by a light source projecting a horizontal line
through the plane of the ear rods and a vertical line through the median
plane of the headholder. A closed-circuit television system connected to an
image intensifier permitted a final check of the head position before exposure.

The focus-film distance was 190 cm and the distance from the median
plane to the film was 10 cm. No corrections were made for the enlargement
of 5.6 %,. A movable grid and a wedgeshaped aluminium filter in front of the
cassette were used to enhance image quality.

Head positions investigated. The natural head position was determined in
two ways for each subject, one defined by the subjects own feeling of a natural
head balance (position 1, the self balance position) and one by the subject
looking straight into a mirror (position 2, the mirror position). The standing
position used in the recordings was the orthoposition, defined by Malhave
(1958) as the intention position from standing to walking. Both recordings
were made with the teeth in occlusion.

7
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Before the positioning of the subject in the cephalostat the desired body
posture, the orthoposition, was obtained by letting the subject walk slightly
on the spot. The attainment of the self balance head position was facilitated
by letting the subject tilt his head forwards and backwards with decreasing
amplitude until he felt that a natural head balance was reached. The subject
was then asked to assume the rehearsed body and head position below the
raised headholder of the cephalometer so that both external auditory meatus
corresponded to the vertical plane of the ear rods. The body posture and
head position were controlled and, if necessary, the »walking on the spot»
and »head bendingy routines were repeated. The headholder was then lowered
until the ear rods reached ear level, whereafter the rods were carefully in-
serted. Slight occipital support was also used (Fig. 2).

After this first recording the ear rods and the occipital support were
released and a cloth covering a 20 x 100 cm mirror on the wall, 137 cm in
front of the plane of the ear rods, was removed. The body posture was con-
trolled and the subject was asked to assume a convenient head position while
looking straight into his eyes in the mirror. After readjustment of the cephalo-
meter and reinsertion of the ear rods, the second recording was made.

Film series. The first series of records of the two head positions was deno-
ted series A.

In order to assess the reproducibility of the two head positions as well as
the method errors due to the cephalometric technique, a second set of re-
cords of the two head positions was obtained from 21 subjects after an interval
of two months (series B). In addition, 2 film copies were made by a copying
machine of each of the 21 films taken in the self balance position. The desig-
nations used to distinguish the different series of films are given in Table 1.

Measurements. The cephalometric reference points and lines used in the
present study are defined in Table Il and are shown in Fig. 3. For the cranio-
facial reference points and lines the definitions of Bjork (1960) and Solow
(1966) were used.

The variables studied are listed in Table 1Il. The variables 1—6 describe
craniofacial morphology, Nos. 7—10 the inclination of the craniofacial
reference lines to the true vertical, and Nos. 11 and 12 the inclination of the
two cervical lines to the true horizontal. The inclinations of the craniofacial
components to the cervical column are expressed by variables 13—20, and
the inclination of the two cervical reference lines to each other by variable 21,

Recording procedure. For recording of the reference points a semi-automatic
equipment, the D-Mac Pencilfollower*, was used. The X- and Y-coordinates

* Iluminated modification of Pencilfollower type PF 10,000, Mark 1; D-Mac Ltd., Glasgow
SW2, Scotland.
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Table 1

Survey of film series

Film series

Designation  Sample size

First series, head position 1 Al 120

First series, head position 2 A2 120

Second series, head posttion 1 B1 21

Second series, head position 2 B2 21

First copy of series Bl B1<! 21

Second copy of series B1 B 12 21
Table II

Reference points and lines on the cephalometric films

Reference points

8
sp
pm

gn

cv 28
cv 2ip
cv 4iP

Sella. The centre of the sella turcica. The upper limit of the sella turcica is defined
as the line joining the tuberculum and dorsum sellae.

Nasion. The most anterior point of the frontonasal suture,

Spinal point. The apex of the anterior nasal spine.

Pterygomaxillare. The intersection between the nasal floor and the posterior con-
tour of the maxilla,

Gnathion. The most inferior point on the mandibular symphysis.

Posterior tangent point ML.

Lower tangent point RL.

Upper tangent point RL.

Tangent point of OPT on the odontoid process of the second cervical vertebra.

The most inferior posterior point on the corpus of the second cervical vertebra.

The most inferior posterior point on the corpus of the fourth cervical vertebra.

Lower point on vertical line.

Upper point on vertical line.

Reference lines

NSL
NL
ML
RL
OPT

CcvT

VER
HOR

Nasion-sella line. The line through n and s.

Nasal line. The line through sp and pm.

Mandibular line. The tangent to the lower border of the mandible through gn.

Ramus line. The tangent to the posterior border of the mandible.

Odontoid process tangent. The posterior tangent to the odontoid process through
cw2'P,

Cervical vertebrae tangent. The posterior tangent to the odontoid process throngh
codiP,

True vertical line. The vertical line projected on the film.

True horizontal line. The line perpendicular to VER.
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Fig. 2. Roentgen cephalometric recording of natural head position (self balance position)
in a standing subject.

for each reference point were recorded in relation to a fixed point on the
measuring table and were automatically punched on cards. The coordinates
were not analysed directly but were used for calculation of the desired vari-
ables.

On the 120 films of the self balance position (series Al), all reference points
were marked with a sharp soft pencil and thereafter recorded by the Pencil-
follower.

For the 120 records of the mirror position (series A2) a different pro-
cedure was used. The reference points were transferred from series Al to
series A2 in Lwo steps.
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NSL

VER OPT CVT

Fig. 3. Reference points and lines on the cephalometric films. The definitions of the principal

angles are indicated in the figure. For all variables expressing the inclination of the cranio-

facial reference lines to the true vertical (VER) and to the cervical reference lines (OPT and

CVT), the lower anterior angle was used. With the inclinations shown in the figure all variables
are positive.

The first step consisted in transfer of points s and n and the cervical
reference points from series Al to series A2 by superimposition of the films.
For transfer of points s and n the bony structures of the skull and the ma-
xilla were used, for points cv2%® and cv2? the second cervical vertebra,
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Table III
List of variables

No. Variable No. Variable No. Variable
1 NSL/NL 7 NSL/VER 13 NSL/OPT
2 NSL/ML 8 NL/VER 14 NL/OPT
3 NSL/RL 9 ML/VER 15 ML/OPT
4 NL/ML 10 RL/VER 16 RL/OPT
5 NL/RL 11 OPT/HOR 17 NSL/CVT
6 ML/RL 12 CVT/HOR 18 NL/CVT

19 ML/CVT

20 RL/CVT

21 OPT/CVT

and for point cv4” the fourth cervical vertebra. The reference points on the
true vertical line were marked separately. The coordinates of these 7 ref-
erence points were then recorded by the Pencilfollower.

The second step consisted in transfer of the remaining craniofacial refer-
ence points from series Al to A2 by computer. First the above-mentioned
7 points were translated and rotated by a mathematical transformation of
their coordinates, corresponding to a superimposition of the nasion-sella
lines with the sella point as point of registration. Thereafter, the coordinates
of the remaining craniofacial reference points were transferred from series
Al to the vacant positions in series A2, thereby creating a complete set of
coordinates for series A2, This computerized method for transfer of points
was developed for the transfer of a larger set of craniofacial reference points
to be used in the current head balance project.

The values of each variable for each subject were determined from the
recorded coordinates by a modified version of program COORD (Barrett,
Brown & MecNulty, 1968). The statistical description of the variables was
calculated according to Solow (1966, p. 36). All calculations were carried
out at the NEUCC, the Northern Europe University Computing Centre in
Copenhagen.

Method errors. For the craniofacial variables (Nos. 1—6), the total method
error due to the roentgenographic procedure and the locating and recording
of the reference points was assessed. For this purpose the craniofacial ref-
erence points were marked independently on the 21 B films of head posi-
tion 1 (series B1). The method error s{i) for the craniofacial variables was
determined from the differences B1—Al between the calculated values of
the variables in the second and first series. No systematic errors were found.

The s(i) values ranged from 0.36° to 0.72° (Table V).
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Table IV
Method errors and reproducibilities, s(i)
Variable Method error Reproducibility
Locating Transfer Position 1 Position 2
NSL/VER 273 .208 2.479 1.427
NSL/OPT .629 492 1.762 1.428
NSL/CVT 290 273 1.813 1.407
OPT/CVT .500 343 493 .590
OPT/HOR .563 438 2.705 1.947
CVT/HOR .198 182 2.469 1.763

s(i) =1 §d2/2n, where d represents the difference between double determinations of the
same subject, and n the sample size (n = 21).

In order to assess the method error due to the locating of the cervical
reference points introduced in the present study, points s and n and the
cervical points were marked independently on the two series of films copied
from series Bl. No systematic errors in the locating of the reference points
were observed. The s(i) values for 6 representative variables ranged from
0.20° to 0.63° (Table IV).

The method error due to the transfer of reference points was also assessed.
For this purpose points s and n and the cervical points were transferred from
the films of series Al to series B1°' and B1°* after removal of the previous
markings. No systematic errors in the transfer of the reference points were
observed. The s(i) values for the 6 variables ranged from 0.18° to 0.49°
(Table 1V).

Reproducibility of head position

For assessment of the reproducibility of the iwo head positions points s
and n and the cervical points were transferred from series Al to series Bl
and B2 after removal of the previous markings on series BL. The reproduci-
bilities were determined from the differences B1—Al (position 1) and B2
—A2 (position 2) between the caleulated values of the 6 representative va-
riables (Table 1V).

The results showed that both head positions could be reproduced without
systematic error. For NSL/VER the reproducibility, s(i), was 2.48° in the
self balance position and 1.43° in the mirror position. These values include
the method error due to the transfer of the reference points which, as de-
scribed above, was found to be low.
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The difference between the reproducibility of NSL/VER in the two head
positions was significant at the 1 %, level. For the remaining variables ex-
pressing the relationship of the craniocervical components to each other and
to the true horizontal, the differences between the reproducibilities in the
two head positions were not significant.

RESULTS

The variables studied are described statistically in Tables V—VIIL.

Analysis of the distribution form showed that departures from normality
were more pronounced for the variables describing the position of the hiead
and cervical column than for the variables describing the craniofacial mor-
phology. However, the magnitude of the observed departures from normal
distribution form was generally moderate.

The inclination to the true vertical was studied for each of the craniofacial
reference lines. In the self balance position the mean inclination of the na-
sion-sella line to the true vertical (NSL/VER) was 89.6°, and in the mirror
position 92.6°. Thus, on the average, the head was kept more upward in the
mirror position, the mean difference of 3° being significant at the 1 %, level.

Regarding the inclination of the cervical column to the true horizontal,
the mean inclination of the odontoid process tangent (OPT/HOR) changed
from 88.2° in the self balance position 10 90.4° in the mirror position. The
corresponding change for the inclination of the cervical vertebrae tangent

(CVT/HOR) was from 83.1° to 84.9°.

Table V
Statistical description and method errors of the craniofacial variables (Nos. 1—6)

Skew- Kur- Method

ness tosis  error

Yol b2 s)

Variable min.  max. X s(x) s s?

1 NSL/NL 1.2 15.6 8.04 .28 3.08 949 A50  2.84 475
2 NSL/ML 6.7 41.7 27.56 .57  6.20 3847 —231 3.01 .361
3 NSL/RL 715 98.6 86.74 44  4.82 23.24 031 2.24* 677
4 NL/ML 4.7 30.9 19.52 .52 5.71 32,59 105 2.28* 457
5 NL/RL 66.9 92.5 78,70 42  4.63 2147 196 289 719
6 ML/RL 107.1 137.0 12082 .62 6.79 4612 1583 2.65  .619

Sample size for statistical description = 120. Sample size for method error = 21. All variables
are given in degrees.
*P < 0.05, **P < 0.01.
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Table VI
Statistical description of variables 7—21: Self balance position (Head position 1)
Skew- - Kur-
Variable min. max. X s(x) s s? ness tosis
Vbl b2
7 NSL/VER 73.5 1116 89.57 .48 5.23 27.36 190 5.35**
8 NL/VER 68.0 99.3 8153 .46 5.02 25.20 031  3.60
9 ML/VER 43.0 777 62.01 .64 7.00 4899 218 3.11
10 RL/VER —99 16.1 283 .53 5.80 33.66 074 2.74
11 OPT/HOR 72.7 103.3 8816 .56 6.14 31.74 212 2.60
12 CVT/HOR 73.8 962 83.09 49 5.39 29.04 271 2.07**
13 NSL/OPT 744 1059 9141 .55 5.97 3568 —259 2.84
14 NL/OPT 66.9 959 8337 .53 5.77 33.34 —256 2.59
15 ML/OPT 503 858 6384 .59 6.43 41.30 .621** 3.04
16 RL/OPT —9.7 18.8 4,66 .54 5.89 3470 —.249 2.53
17 NSL/CVT 82.7 1119 9648 .52 5.74 3296 —077 2.71
18 NL/CVT 752 1012 8844 .51 5.56 30.93 051 2.34*
19 ML/CVT 524 90.5 68.92 .63 6.93 48.09 546** 3.55
20 RL/CVT —38 23.1 9.74 .52 5.67 3211 —.092 2.52
21 OPT/CVT —2.9 12.7 5.08 .24 2.63 694 —273 3.37
Sample size = 120. All variables are given in degrees.
*P <005, **P < 0.01
Table VII
Statistical description of variables 7—21: Mirror position (Head position 2)
Skew-  Kur-
Variable min. max. X s(x) s % ness tosis
¥bl b2
7 NSL/VER 78.7 1119 92,59 .43 4.73 22.42 199 4.79**
8 NL/VER 73.5 99.5 84.55 43 4.69 22.01 103 2.85
9 ML/VER 478 792  65.02 .60 6.60 43.55 —.333 2.63
10 RL/VER —6.7 18.8 585 .50 5.49 30.13 006 2.59
1 OPT/HOR 77.0 1050 9041 .54 5.89 34.68 135 2.54
12 CVT/HOR 75.2 971.7  84.87 47 5.19 26.90 67  2.33*
13 NSL/OPT 73.1 1047 9218 .55 6.00 3598 —.334 3.07
14 NL/OPT 65.6 959 84.14 .53 5.81 33.79 -—-332 2.68
15 ML/OPT 522 864  64.61 .57 6.25 39.02 .562** 3.41
16 RL/OPT —7.2 18.9 543 .54 5.89 34.73 259 2.28*
17 NSL/CVT 82.5 1108 97.72 .52 5.65 31.94 —262 2.84
18 NL/CVT 750 1018 89.67 .51 5.54 30.64 —046 2.23**
19 ML/CVT 56.1 9.6 70.15 .61 6.65 44.26 532** 3.42
20 RL/CVT —0.7 23.6 1097 .51 5.63 3170 —-.037 2.32*
21 OPT/CVT --2.6 11.9 554 .23 2.57 6.60 —.330 3.29

Sample size = 120. All variables are given in degrees.
*P < 0.05, **P < 0.01.
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Table VIII
Survey of variances from Tables V—VII

Self balance position ~ Mirror position

(Head position 1) (Head position 2)
NSL NL RL ML VER CVT OPT VER CVT OPT
(HOR) (HOR)
NSL - 95 232 385 274 33.0 35.7 224 319 36.0
NL 9.5 — 215 326 252 309 333 22.0 306 338
RL 232 21.5 — 461 33.7 321 347 30.1 317 347
ML 385 32,6 461 -— 49.0 481 413 43.6 443 390
CVT 29.0 — 69 26.9 — 6.6
OPT 377 69 — 347 6.6 —

The table presents the variances of the angles formed by combination of the various reference
lines.

The relationship of the head to the cervical column, as expressed by the
mean inclination of the nasion-sella line to the odontoid process tangent
(NSL/OPT) was 91.4° in the self balance position and 92.2° in the mirror
position. The corresponding mean inclinations of the nasion-sella line to the
cervical vertebrae tangent (NSL/CVT) were 96.5° and 97.7°, A detailed analy-
sis of these changes in the positional relationship of the cranio-cervical
components between the two head positions has been reported by Solow &
Tallgren (1971).

A survey of the variances is given in Table VIII. Differences between the
variances were tested by the F-test.

The variability of the craniofacial and cervical reference lines in relation
to the true vertical and to each other showed the same general pattern in
both head positions. The inclinations to the true vertical showed smaller
variability in the mirror position than in the self balance position, but the
differences were not significant.

The maxillary and mandibular reference lines (NL, ML and RL) were
found to be more variable to the true vertical (VER) than to the anterior
cranial base (NSL). The differences were significant at the 1 %, level for the
maxilla, but were less marked for the mandible.

The mandibular line displayed larger variances than the three other cranio-
facial reference lines both in relation to the true vertical and to the cervical
reference lines (CVT and OPT). The differences were significant at the 1 9
or 5 9, levels in relation to VER and CVT.

It was further observed that the variability of the mandibular line to the
true vertical was of the same magnitude as to the cervical reference lines.
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This was also the case for the ramus line. The nasion-sella line and the nasal
line, on the other hand, showed a smaller variability to the true vertical than
to the cervical reference lines. The differences were in most instances signif-
icant at the 1 9%, or 5 9, levels.

Of the two cervical reference lines, the odontoid process tangent showed
larger variability to the true horizontal than the cervical vertebrae tangent,
but the difference did not reach the 5 %, level of significance. The variability
in inclination of the two cervical reference lines to each other (OPT/CVT)
was very small, and significantly smaller than the variability of these refer-
ence lines in relation to the true horizontal.

DISCUSSION

In the study of the natural head position the definition of the head position
is a problem since there are no obvious criteria to decide whether a particular
position is natural or not. The method most commonly used has been to
let the subject orient his head by looking straight into a mirror. This method
is based on the concept advanced by von Baer & Wagner (1861) and Broca
(1862) that when a subject is standing with his visual axis horizontal his
head is in its natural position. Determination of the head position by means
of an external reference such as a mirror has the disadvantage, however,
that the position obtained may not be the one habitaully used by the subject
outside the experimental situation. In the present study it was considered
of interest, therefore, to define a natural head position also without the use
of an external reference.

As the position of the head is part of the total posture of the body it was
essential first to define a reproducible and fysiologically meaningfull body
posture. Among the standing positions considered and rejected were the
vattention» position, which was not regarded as representative of habitual
postural behaviour, and the relaxed position, which has been shown to be
characterized by gradual alterations in the orientation of the weight-bearing
body segments (Malhave, 1958). The position selected, the orthoposition,
was chosen because it is a habitual symmetrical standing position and has
been found to be reproducible in postural investigations (Mplhave, 1958).

For definition of the head position without external reference, the subjects
own feeling of his natural head balance was utilized (the self balance position).
As representative of the head position defined by means of an external re-
ference the mirror position was employed.

The reproducibility, s(i), of the two head positions, as determined from
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Table IX
Survey of means and variabilities obtained for the natural head position in studies of young
adults
. Method
Study Bod‘y' Head Sex  Age S'amp]e NSL/VER* error
position  reference range size < s n st
Bjerin (1957) Sitting  Mirror M+F 22-36 35 9%.2 44 35 162
Standing » M+F 22-36 35 94.3 4.0 35 134
Moorrees & Kean  Sitting Mirror F 1820 66 2.05
(1958) » > F 1820 6l 94.7 3.9
» ) F 1820 61 953 37 Ob 154
Carlséé & Leijon  Sitting No ref. M 20-29 9 93.0 7.6
(1960) ) » F 2029 11 969 61 T 46
Fromm & Lundberg Sitting No ref. M 21-26 30 99.8 5.7
(1970) » » F  21-26 30 102.4 3.4
Present study Standing No ref. M 22-30 120 89.6 5.2 21 248
M

» Mirror

22-30 120 92.6 4.7 21 143

* The means reported by the various authors have been transformed in accordance with the
definition of NSL/VER in the present study (cf. Fig. 3). The values are given in degrees.

recordings on two separate occations, was found to be 2.48° for the self
balance position and 1.43° for the mirror position. These values compare
favourably with s(i) values reported by previous authors (Table IX). Thus,
Carlséé & Leijon (1960) found an s(i) value of 4.6° for a head position de-
fined without external reference, and Bjerin (1957) and Moorrees & Kean
(1958) reported values for the mirror position ranging from 1.34° to 2.05°.

A comparison of the means for the two head positions revealed that in the
mirror position the head was kept higher than in the self balance position,
the mean difference of 3° heing significant at the 1 %, level. The analysis of
this change in head position has been reported elsewhere (Solow & Tallgren,
1971).

Means and standard deviations reported in the literature for the natural
head position (NSL/VER) in different samples in the same age range as the
present one are compiled in Table 1X. For a head position determined with-
out external reference Carlsid & Leijon (1960) and Fromm & Lundberg
(1970) reported means ranging from 93.0° to 102.4°, while a value of 89.6°
was found for the self balance position in the present sample. Far the mirror
position Bjerin (1957) and Moorrees & Kean (1958) reported means ranging
folm 94.3° to 96.2°, as compared with the value of 92.6° found in the present
sample.

Regarding the variability in head position a standard deviation of 5.2°
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was found for the self balance position in the present sample. This value was
within the range of standard deviations, 3.4°—7.6°, reported by Carlséé &
Leijon (1960) and Fromm & Lundberg (1970) for the head position deter-
mined without external reference. For the mirror position a standard devia-
tion of 4.7° was found in the present sample, while Bjerin (1957) and Moor-
rees & Kean (1958) reported values ranging from 3.7° to 4.4°. The inclina-
tion of the nasion-sella line to the true vertical thus in both head positions
showed somewhat smaller means in the present investigation than in previous
studies. The standard deviations were of the same order of magnitude as
reported by the previous authors.

In the search for a basic reference line for cephalometric analyses consider-
able attention has been devoted to the Frankfort line on the basis of its
mean inclination to the true vertical being close to 90°. This plane has been
widely used also for orientation of the head in cephalometric recordings.

In the present investigation the Frankfort line was not included, but it
may be of interest to note that a mean inclination to the true vertical very
close to 90° (89.6°) was found for the nasion-sella line in the self balance posi-
tion. However, in view of the large inter-individual varjability of the cranio-
facial reference lines in relation to the true vertical, the preference of a
particular line on the basis of its mean inclination to the true vertical seems
questionable in the analysis of the individual subject.

As pointed out by Bjork (1955), the choice of reference line depends on
the purpose of the analysis. For assessment of individual facial growth and
development Bjork emphasized that the basic reference line should be
chosen so that it conforms to the growth zones of the skull. On the basis of
phylogenetic and ontogenetic considerations he selected the nasion-sella line
for this purpose. For cephalometric recordings, on the other hand, Bjirk
(1953, 1954) orientated the head according to its natural balance and not
according to any particular line, in order to avoid a strained head position.

Moorrees & Kean (1958) also recommended the natural head position for
cephalometric recordings. These authors, however, suggested to use the
true vertical as the basic reference line both in analysis of facial morphology
and in assessment of facial development. This suggestion was based on their
finding that in the natural head position (the mirror position) the reprodu-
cibility, s(i), of the craniofacial reference lines in relation to the true ver-
tical was smaller than the inter-individual variability, s, of these lines to the
true vertical. The difference between the reproducibility in head position
and the variability of craniofacial reference lines in relation to the true ver-
tical is statistically confirmed by the findings of Bjerin (1957) and Carlséi &
Leijon (1960), as well as by the present study. However, as emphasized by
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Cleall et al. (1966), this does not indicate that the craniofacial structures are
less variable to the true vertical than to each other. The present study showed
that in both head positions the maxillary and mandibular reference lines were
more variable to the true vertical than to the cranial base. For the maxilla
the difference was particularly marked, and significant at the 1 9, level.

In the study of the relationship between facial morphology and head posi-
tion it is important to take into account not only the relationship of the head
to the true vertical but also its relationship to the supporting cervical column.
Such an analysis was initiated in the present study. Examination of the cranio-
facial variability to the true vertical and to the cervical column revealed that
of the craniofacial reference lines studied, the mandibular line showed the
largest variability both to the true vertical and to the cervical reference lines.
This is consistent with previous findings regarding the intracranial variability,
that the mandibular line displays a higher relative variability than other
craniofacial reference lines when the distance between the points defining
each reference line is taken into account (Solow, 1966).

It was further observed that the upper face and the cranial base (NL and
NSL) showed a consistently lower variability to the true vertical than to the
cervical column (CVT and OPT). The variability in inclination of the man-
dible (RL and ML) to the true vertical, on the other hand, was found to be
of the same magnitude as to the cervical column. These findings may re-
flect interrelationships between the facial morphology and the head balancing
mechanism.

In order to further analyse the relationship between head balance and
facial morphology a more comprehensive analysis of the pattern of associa-
tions within the cranio-cervical complex seems necessary.
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