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Head and Shoulder Posture Variations in 160 Asymptomatic

Women and Men
Sally Raine, PhD, Lance T. Twomey, PhD

ABSTRACT. Raine S, Twomey LT. Head and shoulder pos-
ture variations in 160 asymptomatic women and men. Arch
Phys Med Rehabil 1997;78:1215-23.

Objective: To quantitatively describe the postural alignment
of the head and shoulders and the surface curvature of the
thoracic spine in comfortable erect standing and to examine the
effect of age and gender on head and shoulder alignment.

Design: Descriptive survey.

Setting: Gait research laboratory.

Participants: One hundred sixty asymptomatic volunteers
aged between 17 and 83 years.

Main Outcome Measures: Five photographic measurements
of head and shoulder posture in the coronal and sagittal planes
and a photographic measurement of the surface curvature of the
thoracic spine in the sagittal plane.

Results: Mean values of coronal head tilt, coronal shoulder
angle, sagittal head tilt, sagittal C7-tragus angle, and sagittal
shoulder-C7 angle were 180.1°, 181°, 172.1°, 131.1°, and 53.7°,
respectively. The 95% confidence intervals for the means ranged
between 1° and 3.8°. For each of the head and shoulder measure-
ments there was no significant gender difference (p = .33 to
.99). Of the five measurements, only sagittal C7-tragus angle
was significantly correlated with age (r = .44), and none was
correlated with surface curvature of the thoracic spine.

Conclusions: Head and shoulder posture was similar between
genders. Only one postural description that has been described
anecdotally was identified, ie, that age was related to the posi-
tion of the head with respect to the trunk in the sagittal plane,
although the strength of the association was of questionable
clinical significance. In contrast, other longstanding assump-
tions were not supported, and accordingly, a forward head was
not associated with increased thoracic curvature or upper cervi-
cal spine extension.
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HE PHYSICAL APPEARANCE of the head, cervical spine

(or neck), and shoulders is a principal topic in the debate
concerning human posture.””® Evaluation of head and shoulder
posture has commonly considered the profile alignment of the
body parts with respect to the trunk."*1*1% Alignment has been
deemed “‘poor’’ when the head is held forward in relation to the
trunk or when the shoulders appear slouched forward. Physical
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characteristics referred to as poor include ‘‘forward head,”
“‘poke chin,”” and “‘rounded shoulders,”” and the nature of these
characteristics is self-explanatory.>®'***/™® They have been
widely cited in the literature and are usually associated with
detriment based on anecdotal, empirical, or clinical reasoning.
Consequently, there is little that defines or describes poor head
and shoulder posture on the basis of measurement.

In contrast, extensive literature has described postural relation-
ships of the head and shoulders in the sagittal plane or their
clinical correlates. A “‘forward head’’ position has been described
iteratively over decades and has been anecdotally linked to mus-
culoskeletal dysfunction and pain including craniofacial pain,
headache, neckache, and shoulder pain.>®!'%>1520% Qther pos-
tural correlates have also been described without quantitative
verification, such as the view that a forward head is related to
an extended upper cervical spine, or to protracted shoulder girdles
and a kyphotic thoracic spine, or less widely of hand preference
being related to coronal plane shoulder asymmetry.>>?6%

Possibly the earliest major investigation to quantitatively doc-
ument posture was conducted in 1941. Using a series of photo-
graphic measurements, Cureton' described the head and shoul-
der posture of young men, having examined 382 and 644
subjects for head and shoulder measurements, respectively.
Head posture was quantified by the measurement ‘‘poke neck,”’
which was defined as the angle between two lines defined as:
(1) through the 7th cervical spinous process (C7) and the tragus
of the ear, and (2) a horizontal line through C7 with a mean
value of 53.6° (£6.4°). Conclusions were not drawn from the
measurements, nor were they contrasted with quantitative data
of the time; however, the results were tabulated as percentiles,
which can be compared to contemporary research. Indicatively,
the angular ‘‘poke neck’” measurement has been repeated in a
number of postural investigations in recent literature,22225-30
and it is the most common method of measuring head posture.
Cureton’s' measurements of shoulder posture, in contrast, have
not been repeated, most likely a reflection of their less standard-
ized nature.

It is difficult to quantitatively define postural alignment of
the head and shoulders because there are few conclusive data
available. Recent investigations have addressed this deficit and
have measured the posture of the head, cervical spine, or shoul-
ders in the sagittal plane, as well as in relation to age, gender,
cervical spine range of motion, and pain.'""*?%* Although such
studies are valuable, their conclusions are mostly not compara-
ble due to limited samples or differing methods, and further
research is needed to exemplify postural variation. Descriptive
data have focused on young adults (less than 35 years) and
there are few data available to describe the head and neck
posture, especially of older men. The effect of gender on head
posture is unclear because previous investigations have had
conflicting outcomes®®” and have reported both men and
women as demonstrating a more forward head position. There
is also little information about the effect of gender on shoulder
alignment, and postural differences between men and women
have not been clearly defined. Braun® reported measurements
of shoulder posture and mobility that had not been described
previously, and notwithstanding the questionable statistics that
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were used to describe reliability, provided some initial compara-
tive data indicating that women were more round-shouldered
than men. Similarly, there is a lack of conclusive data describing
the effects of age on the postural alignment of the head and
shoulders, and the small number of relevant studies addressing
this subject have reported conflicting results,”? although this
may be attributable to differences in methods.

The aim of this study was to quantitatively describe the pos-
tural alignment of the head and shoulders in the coronal and
sagittal planes and the curvature of the thoracic spine in the
sagittal plane in 160 asymptomatic men and women in comfort-
able erect standing.

METHODOLOGY

Subjects

One hundred sixty volunteers were recruited from the town of
Albany and the city of Perth in Western Australia. The subjects
ranged between 17 and 83 years of age and were divided ac-
cording to gender and then into three age groups of relatively
even size (17 to 29 years, 30 to 54 years, and 55 years and
over). The mean age, gender, height, and weight of the groups
are reported in table 1. Subjects gave written informed consent
for the research, and ethical approval was granted by our univer-
sity. Subjects wore underwear, brief shorts, or swimming attire
for testing.

The subjects comprised a sample of convenience and had
responded to articles published in suburban newspapers in met-
ropolitan Perth, posted or circulated notices requesting volun-
teers, and verbal requests at a regional hospital, or were re-
cruited through word-of-mouth by the investigator and existing
volunteers. Subjects were excluded if they reported a history of
back pain within the last 2 years, spinal surgery, idiopathic
scoliosis, inflammatory diseases such as ankylosing spondylitis,
Reiter syndrome, psoriatic arthritis, theumatoid arthritis, or met-
abolic diseases such as osteoporosis, Paget disease, or osteoma-
lacia. Subjects were also excluded if they reported traumatic or
degenerative conditions such as spondylolisthesis, Schevermann
disease, or a spinal tumor or infection of the skeletal system.

Procedure

Left-sided profile photographs were used to obtain a series
of measurements of postural alignment of the head and shoul-
ders in the coronal and sagittal planes, and the curvature of the
thoracic spine in the sagittal plane, in comfortable erect stand-
ing. A camera with 35-70mm zoom lens was mounted on a
tripod and loaded with slide film. The lens aperture was set at
F-stop 8, zoomed to 70mm, and the camera placed so that the
center of the lens was 4m from the subject, with the subject in
approximately the center of the lens so as to reduce lens error,
and with the camera perpendicular to the ground, parallel to the

Table 1: Mean (and Standard Deviation) of Subjects’ Age, Height,
Sitting Height, and Weight

Age Group Age Height Sitting Height Weight
(yrs) {yrs) (mm) (mm) (kg)
17-28 (n = 56)

Women (35) 20 {+3.2) 1658.5 (+65.7) 874.5(+32.6) 58.8 (+72.2)

Men (21) 22 (4.4} 1791.4 (=100.8) 929.3 {x45.4} 75.2 (£12.4)
30-54 (n = bb)

Women (28) 42 (+6.7) 1645.9 (=78.2)

Men (27) 20 {+6.6) 1757.3 (+73.0)
55-81 (n = 50)

Women (25} 65 (=7.0) 1613.1 (£56.0)

Men (25) 66 (£8.3) 1750.3 (=71.0)

Total n = 161.

872.4 (+35.6) 65.6 (x11.1)
907.7 (+44.9) 77.0 (x11.5)

846.8 (+27.2) 63.4(+9.7)
905.7 (=44.2) 80.4 (+12.0)
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facing plane of the subject, and approximately level with the
subject’s pelvis to minimize parallax error. Two plumb lines
were suspended from the ceiling to provide a vertical and mag-
nification reference. In addition, three anthropometric measure-
ments were made directly from the subjects.

To commence, subjects stood in comfortable erect standing,
the instructions being to place their weight evenly on both feet,
with knees straight, hands at their sides, and with their eyes
looking forward. Bony landmarks were palpated and marked
with adhesive skin markers that would be visible in photo-
graphs. Accuracy of the investigator’s surface landmarking was
confirmed by two professors of anatomy.

The palpation and marking was carried out in the same stand-
ing position as the subject would later adopt for the photographs,
to reduce any error that might have occurred from skin move-
ment. If clothing was overlying a bony landmark it was moved
aside and, if necessary, held out of the way with tape. Since
marking the subjects required them to stand still, they were
encouraged to walk around after the markers were applied, to
prevent them from feeling uncomfortable or becoming faint.
White adhesive dots of 14mm diameter were used as skin mark-
ers. The dots approximated the size of the investigator’s thumb
and middle fingertips, which enabled their placement over the
center of bony landmarks. The following bony landmarks used
were: (1) left mastoid process; (2) left and right coracoid pro-
cesses; (3) lateral shoulder—the head of the left humerus was
palpated at its posterior aspect under the angle of the acromion
and its anterior aspect lateral to the coracoid process, and the
marker was placed midway between these points on the lateral
aspect of the humeral head; (4) immediately inferior to the
sternal notch; and (5) C7, T6, and T12 spinous processes.

In order to be photographed, the subjects were next instructed
to stand comfortably, in their ‘‘normal, loose, or habitual’’ pos-
ture for two photographs, with their weight evenly on both feet
and looking straight ahead. They were asked not to stand erect,
or in a “‘best posture,”’ because the purpose of the photograph
was to capture their habitual or usval standing posture. Subjects
were given time to adopt a relaxed, comfortable posture, and a
photograph was then taken from the front and then the left
side. The photographs were taken within a few seconds of one
another, and without subjects moving substantially. After both
photographs were taken, the subjects were asked to walk or
move around, as they had been standing still for most of the
testing time.

The spine was marked next, so that spinal curve would be
visible in the sagittal plane in a left profile photograph. This
procedure was described in a previous publication® and is only
outlined here. The subjects were instructed to stand comfortably
erect as before, and spinous process tips including C7, T6, and
T12 were palpated and marked. A low-density, narrow length
of foam marker was adhered to the spine in the median plane
from C7 to S2 with double-sided adhesive tape, which followed
exactly the surface contour of the spine and therefore accurately
reproduced the thoracic curvature in the sagittal plane. Adhesive
dots were placed on the foam marker in line with the dots placed
adjacent to the spinous processes tips of C7, T6, and T12, which
were later used to delineate the thoracic region of the vertebral
column.

Measurements and Data Processing

Measurements in the coronal and sagittal planes were made
from anterior and left profile photographs of subjects using a
digitizer of 0.1mm resolution, a Hewlett-Packard computer, and
an IBM-compatible computer. The photographic slides were
projected and digitized in one dimension, with the subject image
magnified to approximately 33% of true size. Photographic
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markers, visible anatomic landmarks, and vertical reference
points on the image were manually digitized to obtain x and y
coordinates that were used to calculate the desired measure-
ments. Results were stored and analyzed on a Macintosh com-
uter.

P Five measurements of head and shoulder posture were made:
¢ Coronal head tilt (fig 1)—a line was drawn between the
inferior tip of the left and right ears, and the angle of
this line to the horizontal was calculated in degrees. Clear
visibility of the ear tips in the slide image meant that accu-
rate identification of the same bilateral points was possible
without markers. This measurement described how level
the head was when viewed from the front. A value of 180°
described the head as aligned horizontally, a lesser value
described a tilt inferiorly on the left, and a greater value a

tilt inferiorly on the right.

¢ Coronal shoulder angle (fig 1)—a line was drawn between
the left and right coracoid process markers, and the angle
of this line to the horizontal was calculated in degrees. This
described the elevation of one shoulder relative to the other
when viewed from the front. A value of 180° described the
shoulders as even, a lesser value described a higher right
shoulder, and a greater value described a lower right shoul-
der.

e Sagittal head tilt (ig 2)—a line was drawn between the
inferior aspect of the fold of skin below the left eye, and
the midpoint of the tragus of the left ear, and the angle of
the line to the horizontal was calculated in degrees. The
surface landmarks were clearly visible on the image of the
subject. This measurement described the inclination of the
head from the horizontal when viewed from the left side
and related to the relative position of upper cervical spine.
A value of 180° represented the Frankfurt Horizontal
plane—that is, when the head was positioned level with
the horizontal. When the angle was less than 180°, the head
was tilted superiorly at the front such that the upper cervical
spine was relatively more extended. When the angle was
less than 180°, the head was tilted inferiorly at the front
such that the upper cervical spine was relatively more
flexed.

Fig 1. Measurements of (1) coronal plane head tilt and (2) coronal shoul-
der angle in an anterior photograph of a subject.

Fig 2. Measurements of (1} sagittal head tilt and (2) sagittal shoulder-
C7 angle in a profile photograph of a subject.

¢ Sagittal shoulder~C7 angle (fig 2)—a line was drawn be-
tween the left lateral shoulder and the C7 markers, and the
angle of this line to the horizontal was calculated in de-
grees. This described the position of the left shoulder with
respect to C7 when viewed from the left side. A smaller
angle indicated a relatively forward shoulder in relation to
C7, and so represented a more rounded position of the
shoulder.

* Sagittal C7—tragus angle (fig 3)—a line was drawn be-
tween the midpoint of the tragus of the left ear and the C7

Fig 3. Measurements of sagittal-C7 tragus angle in a profile photograph
of a subject.
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marker, and the angle of this line to the horizontal was
calculated in degrees. The midpoint of the tragus was
clearly visible on the subject image. This angle described
the position of the head relative to C7 when viewed from
the left side. As the head was positioned more forward,
the value increased.

The amount of surface curvature of the thoracic spine in the
sagittal plane was measured from profile photographs of the
subjects using a previously described measurement.”’ The out-
line of the surface contour between the markers C7 and T6, and
T6 to T12 was used to calculate the amount of spinal curvature
in the upper and lower thoracic spine, respectively. The digitized
coordinates were magnified to true size and normalized through
multiplication by a factor necessary to standardize the subject’s
sitting height to 900cm. This was necessary as the curvature
measurement was not angular and otherwise the raw value
would have related proportionally to a subject’s size, undermin-
ing comparison of individual measurements. Sitting height was
used because height in sitting is proportional to spine length
and would reflect the “‘size’” of the spine. The surface curvature
for the upper and lower thoracic regions was calculated from
the change in tangent angles at equal distances along the curve
for each given region. The units of curvature were radians per
millimeter and on average were to five decimal places with
three significant figures.

Three anthropometric measurements were made directly from
the subjects: standing height, sitting height, and weight. Stand-
ing height was measured in millimeters with a portable stadiom-
eter that consisted of a sliding vertical ruler attached to a stable
base, with a horizontal arm or headboard attached to the top of
the ruler. Three measurements were made in succession with the
subject moving briefly between them, and the average reading
calculated. Sitting height was measured in millimeters with sub-
jects seated on an anthropometer consisting of a 46cm wooden
box that had 1m vertical rulers attached at each side. Three
measurements were also made in succession, and the average
reading calculated. Body weight in standing was obtained for
each subject using either a beam balance scale or a portable
scale, which had been calibrated to the beam balance scale to
0.5kg.

Finally, each subject’s hand preference was described using
a “‘laterality quotient’” according to the Edinburgh handedness
inventory.” This involved a series of tasks listed in the question-
naire, such as sweeping or throwing, for which subjects ascribed
their tendency to use the left, right, or both hands. The responses
to the Edinburgh Hand Inventory tasks listed in the question-
naire are converted to an index of hand preference ranging from
—100 to +100. A subject preferring to use only the left hand
for the tasks would score —100, and a subject preferring to use
only the right hand would score +100. A subject who used the
left hand or the right hand equally for each of the tasks would
score zero.

Reliability

Reliability of the measurements was examined in a pilot study
before the investigation.® Intraclass correlation coefficients for
the measurements of coronal head tilt, coronal shoulder angle,
sagittal head tilt, sagittal C7-tragus angle, and sagittal shoulder-
C7 angle were .71, .89, .82, .88, and .91, respectively, describing
high reliability except for coronal head tilt, which was accept-
able. Similarly, intraclass correlation coefficients for surface
curvature in the upper and lower regions of the thoracic spine
in erect standing were high, being .92 and .94, respectively.

Statistical Analysis

Statistical analysis of the data was performed on Macintosh
computer (alpha <.05). Statistical power was calculated for
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the continuous variables using ‘‘stplan.”’ Data analyses were
performed using Statview, SuperANOVA, and Statistical Anal-
ysis Software software. Intratester reliability was calculated us-
ing a series of repeated-measures analysis of variance (AN-
OVA) from which intraclass correlation coefficients were
derived.* To identify significant differences between subject
groups, a series of analysis of covariance (ANCOVA), using
age as the covariate, and ANOVA were calculated for the con-
tinuous variables. A one-way ANCOVA was performed for
each continuous variable and when age was not a significant
covariate, a one-way ANOVA was performed. Hand preference
was correlated to coronal shoulder angle using a Pearson corre-
lation coefficient.

Statistical Power

Statistical power™ was calculated for each of the dependent
measurements that was to be compared between men and
women (alpha = .05). Table 2 lists the actual statistical power
of the measurements of head and shoulder posture as well as
the sample size estimate for a power of .80. The statistical
power of the measurements varied significantly. Coronal head
tilt and sagittal shoulder-C7 were extremely similar in mean
and standard deviation between men and women; hence, very
large sample sizes of more than 1,000 subjects were required
to obtain a statistical power of .80. The remaining variables
differed in mean and standard deviation between men and
women; hence, sample sizes of between 164 and 952 subjects
were required to obtain a statistical power of .80.

RESULTS

Descriptive Statistics

Descriptive statistics for the measurements of head and shoul-
der posture are provided in table 3. Statistics are given sepa-
rately for women and men, for the complete group, and for
three age categories of 1 to 29 years, 30 to 54 years, and 55
years and above,

The mean coronal head tilt and coronal shoulder angles of
the women and men were between 180° and 181.2°, within 1.2°
of the horizontal plane. This indicated that the mean tilt of the
head and the alignment of the shoulders, when viewed from the
front, were close to horizontal and so relatively level. The mean
values of sagittal head tilt of the women and men (171.4° and
172.8°, respectively) described the tilt of the head in the sagittal
plane as inclined upward with respect to the horizontal, indicat-
ing an extended position of the upper cervical spine. The mean
values of sagittal C7-tragus angle and sagittal shoulder-C7 angle
for the women and men described the position of the head and
shoulders as placed anterior to the 7th cervical vertebra.

In table 4, the means of the measurements of head and shoul-
der posture are reported from the women and men combined,
together with the upper and lower 95% confidence limits and
the confidence interval of the means. For coronal head tilt and
coronal shoulder angle, the range of the confidence interval was

Table 2: Statistical Power for Comparison of Women and Men, and a
Sample Estimate for the Total Number of Subjects Required to Obtain
a Power of .80, for the Measurements of Head and Shoulder Posture

Sample Actual Statistical Sample Estimate for
Measurement Size Power Power = .80
Coronal head tilt 160 .04 21,220
Coronal shoulder angle 163 21 952
Sagittal head tilt 158 .29 618
Sagittal C7-tragus 165 .80 164
Sagittal shoulder-C7 165 .09 2,942
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Table 3: Descriptive Statistics of the Five Head and Shoulder
Measurements From the Women and Men
for the Different Age Categories

Measurement/Age Category {yrs) n Mean SD Minima-Maxima
Women
Coronal head tilt
All 84 180.0 2.6 176-186
17-29 32 180.0 2.1 176-185
30-54 28 180.2 2.8 176-186
55 & above 24 179.8 29 176-185
Coronal shoulder angle
All 85 180.8 2.2 173-185
17-29 33 181.6 1.6 178-185
30-54 28 180.4 2.3 173-184
55 & above 24 180.3 2.5 175-185
Sagittal head tilt
All 86 171.4 6.2 157-187
17-29 34 174.2 5.7 162-187
30-54 28 170.1 4.8 163-180
55 & above 24 168.8 6.9 157-181
Sagittal C7-tragus angle
All 87 129.9 5.5 117-145
17-29 35 128.1 4.4 117-137
30-54 28 129.2 4.8 119-137
55 & above 24 133.2 6.2 121-145
Sagittal shoulder-C7 angle
All 87 54,3 11.5 32-92
17-29 35 50.3 1.2 33-93
30-54 28 55.2 12.3 32-78
55 & above 24 59.3 9.2 42-83
Men
Coronal head tilt
All 76 180.1 2.6 171-186
17-29 20 180.0 2.0 178-185
30-54 26 180.4 3.0 171-185
55 & above 30 180.4 2.7 175-186
Coronal shoulder angle
All 78 181.2 2.2 176-186
17-29 21 181.1 1.7 178-184
30-54 27 180.9 25 176-185
55 & above 30 181.5 2.3 177-186
Sagittal head tilt
All 78 172.8 6.2 161-189
17-29 21 174.1 5.5 164-189
30-54 27 172.5 5.6 161-189
55 & above 30 172.2 7.1 162-187
Sagittal C7-tragus angle
All 78 132.6 7.3 118-152
17-29 21 127.8 5.2 118-140
30-54 27 1324 5.9 122-145
55 & ahove 30 136.0 7.9 118-152
Sagittal shoulder-C7 angle
All 78 53.0 13.5 25-83
17-29 21 46.7 12.9 28-82
30-54 27 56.1 12.9 30-80
55 & above 30 54.6 13.5 25-83

Values (mean, SD, and minima-maxima) given in degrees.

narrow and less than 1°. For sagittal head tilt, sagittal C7-tragus
angle, and sagittal shoulder-C7 angle, the confidence intervals
were all reasonably narrow, suggesting that the sample means
provided a good estimation of the true population mean. The
wider confidence intervals for the sagittal plane measurements
indicated that there was a larger amount of variability in the

Table 4: The Means, Upper and Lower 95% Confidence Limits, and
Confidence Intervals of the Means of the Head and Shoulder Posture
Measurements From the Women and Men Combined

95% 95% Confidence
Mean Upper Limit  Lower Limit Interval
Coronal head tift 180.1 180.5 179.7 0.8
Coronal shoulder angle 181.0 181.3 180.6 0.7
Sagittal head tilt 1721 173.0 1711 1.9
Sagittal C7-tragus angle 131.1 132.1 130.1 2.0
Sagittal shoulder-C7 angle 53.7 55.6 51.8 3.8
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sampling distribution of these and that they were less indicative
of the true mean of the population than were the means for
coronal head tilt and coronal shoulder angle.

Frequency histograms demonstrating the distribution of the
head and shoulder measurements from all the subjects are pro-
vided in figure 4. A curve representative of the distribution has
been superimposed on each histogram. The histograms show
that all the variables were normally distributed.

Differences Between Genders

Examination of the head and shoulder posture measurements
in order to identify gender differences between the women and
men reference groups using ANCOVA with age as the covari-
ate, or ANOVA, are reported in table 5. For the measurements
of coronal head tilt and coronal shoulder angle, age was not
found to be a significant covariate under ANCOVA, and hence
ANOVAs were performed to identify significant differences
between the measurements according to gender. No significant
differences were observed in coronal head tilt and coronal shoul-
der angle, indicating that the men and women were similar in
the tilt of the head and the elevation of one shoulder relative
to the other when viewed from the front. In contrast, for the
measurements of sagittal head tilt, sagittal C7-tragus angle, and
sagittal shoulder-C7 angle, age was found to be a significant
covariate under ANCOVA, and thus ANCOVAs were used to
examine gender-related differences. No significant interaction

35
30
25

E 20

SR WL S L B B AL SR L LA L L N S L S L B S M B |

168.0 174.0 180.0 186.0

Coronal head tift

170.0 176.0 182.0 188.0

Coronal shoulder angle

€20
Q

150.0 165.0 180.0 195.0 110.0  125.0 140.0 155.0

Sagittal head tilt Sagittal C7-tragus angle

30
25

20.0 40.0 60.0 80.0 100.0
Sagittal shoulder-C7 angle

Fig 4. Frequency distributions of the head and shoulder measurements
(degrees) of the total sample. A curve representative of the distribution
{normal) of the data is superimposed on each histogram.
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Table 5: Summary of ANCOVA (Using Age as the Covariate) or
ANOVA Results for the Effect of Gender on the Five Dependent
Variables of Head and Shoulder Posture

Measurement df SS MS F p
Coronal Head Tilt

Gender 1 3.343 3.343 .504 .48
Residual 158  1047.632 6.631

Coronal Shoulder Angle
Gender 1 4.760 4.760
Residual 161 775.142 4.815 989 .33

Sagittal Head Tilt
Gender 1 12.458 12.458 .345 .56
Age 1 300.279 300.279 8.312 .005*
Gender* age 1 78.821 78.821 2.182 .14
Residual 160 5780.019 36.125

Sagittal C7-Tragus Angle
Gender 1 3.558 3.658 .105 .75
Age 1 1185.176 1185.176 35.012 .0001*
Gender* age 1 58.833 58.833 1.738 .19
Residual 161  5449.904 33.850

Sagittal Shoulder-C7 Angle
Gender 1 .002 .002 .000 .99
Age 1 1661.391 1661.391 8312 .001*
Gender* age 1 39.344 39.344 2.182 .61
Residual 161 23771.932 147.652

* Statistically significant.

was found between gender and age, and no significant differ-
ences were observed between men and women. Men and women
were therefore found to have similar tilt of the head with respect
to the horizontal in the sagittal plane, and similar positions of
the shoulder and head with respect to the 7th cervical vertebra
in the sagittal plane, when viewed from the left side.

Effect of Age and Associations Between Variables

Pearson product-moment correlation coefficients were calcu-
lated to describe the degree of association between the three
sagittal plane measurements of head and shoulder posture and
age in the total sample. The relation between sagittal C7-tragus
angle and age was statistically significant (r = .44), indicating
that subjects had a more forward-placed head with increasing
age. In contrast, the measurements of sagittal head tilt and sagit-
tal shoulder-C7 angle were not significantly related to age. Thus,
older subjects had a more forward head posture, while in con-
trast, the tilt of the head or the forward position of the shoulders
when examined from the left side did not change with increasing
age.

No significant correlation was found between sagittal C7-
tragus angle and sagittal head tilt, indicating that as subjects
positioned their heads further forward in the sagittal plane they
did not concomitantly incline their heads upward with a rela-
tively extended upper cervical spine. In addition, there were no
significant correlations between the variables of sagittal C7-
tragus angle, sagittal head tilt, sagittal shoulder-C7 angle, and
the surface curvature of the thoracic spine. This indicated that
a forward position of the head, or tilt of the head upward in the
sagittal plane involving upper cervical spine extension, was
not associated with forward-positioned shoulders or increased
curvature of the thoracic spine.

Finally, no significant association was observed between sub-
jects” hand preference and the posture of their shoulders in the
coronal plane (r = .13). This indicated that the level of the
shoulders with respect to the horizontal was unrelated to left-
or right-sided hand preference.

DISCUSSION

Two coronal measurements (coronal head tilt and coronal
shoulder angle) and three sagittal plane measurements (sagittal
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head tilt, sagittal C7-tragus angle, and sagittal shoulder-C7
angle) of head and shoulder posture were examined in 160
asymptomatic women and men. All the measurements were
normally distributed and reliable, and none were found to show
significant differences between men and women. Exclusion cri-
teria for the investigation included a history of back pain within
the last 2 years, spinal surgery, and inflammatory or metabolic
diseases including osteoporosis, which may have markedly al-
tered posture. Although a relatively small number of subjects
were excluded from the investigation because of these criteria,
the sample was not representative of the population of Western
Australia since it excluded subjects with disease that may in-
volve postural deformity. One aim of the investigation was to
describe the head and shoulder posture of asymptomatic sub-
jects, rather than to describe that of a ‘‘normal’” sample of
subjects, and hence the investigation recruited subjects without
vertebral pain or disease that may involve postural deformity,
including osteoporosis.

Head and Shoulder Posture in the Coronal Plane

The measurement ‘‘coronal head tilt’” described the tilt or
levelness of the head with respect to the horizontal in the coronal
plane, whereas the measurement ‘‘coronal shoulder angle’” de-
scribed the amount of elevation of one shoulder relative to the
other in the coronal plane. The mean coronal head tilt of the
total sample was 180.1° (£2.6°), indicating that generally, sub-
jects stood with their head positioned symmetrically or horizon-
tally in the coronal plane. The mean coronal shoulder angle of
the total sample was 181° (£2.2°), indicating that on average,
the subjects stood with their right shoulder 1° lower than the
left, or not quite symmetrically in the coronal plane. This sug-
gested that when viewed from the front, most subjects stood
with their head level rather than tilted to the side, and with
their shoulders relatively even rather than with one shoulder
substantially higher than the other. The confidence interval of
the means (0.8° and 0.7°) was narrow, being less than 1°, and
this indicated that there was a small amount of sampling error
for the measurements such that the sample mean accurately
represented the population mean. Age was not significantly re-
lated to the measurements; hence the symmetrical head and
shoulder positions were similar across the young and older sub-
jects. These findings were not surprising, especially for the
measurement of coronal head tilt. References to age-related
changes in a person’s posture do not usually involve asymmetry
in the anterior view, although in comparison there is widespread
opinion that such changes are likely to affect postural alignment
from the sagittal perspective.

The data for coronal shoulder angle from this investigation
revealed that on average, subjects stood with their right shoulder
slightly lower than their left. This difference in shoulder height
from the horizontal, or from a symmetrical shoulder position,
produced an angle of just 1° and the confidence limits of the
mean suggested that the difference would be expected to vary
from 0.6° to 1.3°, which is certainly not extreme. The difference
in shoulder height between sides of the body was defined as
the angle between a line joining the coracoid processes and
the horizontal, and for individuals whose bi-coracoidal widths
ranged from 20 to 30cm, a 1° angle corresponded to a vertical
difference in shoulder height of 2.5 to 4mm. Such a difference
in coronal plane alignment is unlikely to be observable by eye.
One standard deviation from the mean value, however, was
+2.2°, which suggested that for 68% of subjects, anterior shoul-
der posture varied from being 1.2° lower on the left to 3.2°
lower on the right. This result furnishes only tentative support
for the observation that people tend to demonstrate asymmetri-
cal shoulders in the coronal plane,**® as the finding would be
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difficult to discern purely by observation or without accurate
measurements. Dieck and colleagues® observed that a majority
of more than 800 subjects demonstrated moderate or great
shoulder asymmetry in the coronal plane, but as the asymmetry
was not defined in degrees the outcome cannot be compared
directly to the finding in this study.

Shoulder Posture and Hand Preference

It has been suggested anecdotally™® that there is a relation
between unevenness of the shoulders and hand preference, such
that an individual is likely to demonstrate a lower shoulder on
the side corresponding to the preferred hand or ‘‘handedness.”
Although the mean coronal shoulder angle of 181° described
the right shoulder as being 1° lower than the left, this difference
was small and, as already stated, would not be discernible clini-
cally. Our results do not strongly support the posit that hand
preference is related to shoulder height in the coronal plane,
because the mean of the sample did not indicate that subjects
had a clinically discernible lower right shoulder. Further, there
was 1o association found between hand preference and the mea-
surement of coronal shoulder angle.

Posture of the Head in the Sagittal Plane

It has been suggested that women and men may have different
resting head postures, and there are conflicting reports in the
literature that indicate that men have a more forward head pos-
ture than women®® and that women have a more forward head
posture than men.”® No difference was found in this investiga-
tion between the genders for sagittal C7-tragus angle, the impli-
cation being that the women and men held their heads in approx-
imately the same position with respect to the trunk and,
therefore, were similar in their propensity for a ‘“forward head
posture.”” The result of this investigation achieves some credi-
bility in that the statistical power for the comparison of sagittal
C7-tragus angle between men and women was high (.80), there-
fore lessening the likelithood of a type 2 statistical error. The
mean sagittal C7-tragus angle of the total subject group was
131.1° (=6.5°) and the narrowness of the confidence interval
(1.0%), implying a small sampling error, substantiates this con-
clusion. A “‘normal’’ sagittal C7-tragus angle (values within 2
standard deviations of the mean) determined in the current study
would therefore be between 144.1° and 118.1°. However, cau-
tion is warranted in extrapolating the result to the wider commu-
nity. Although the data were derived from a reasonably varied
sample, it was not derived randomly, nor from a sample that
represented the population of the state of Western Australia.
Nonetheless, the results agreed reasonably well with previous
investigations from Australia, the United States, and Canada,
which used smaller samples but did not include both genders
or as broad an age range.”®* In contrast, the mean value in the
current study appeared to be much greater than the mean value
reported in a much earlier study by Cureton," who measured
sagittal plane head posture in more than 600 young men while
standing. Cureton’s study’ also used an angular measurement
taken from profile photographs of subjects while standing, and
described a mean head position equivalent to 126.4° (=6.4°) of
the current sagittal C7-tragus angle. The results indicated that
Cureton’s’ subjects stood with a significantly less forward head
posture than did the subjects measured in this study. It is most
likely that methodologic and sampling differences accounted
for this difference, and it is difficult to draw any firm conclu-
sions since more than 50 years have elapsed since Cureton’s
investigation and a change in the habitual sagittal-plane head
posture of people at rest over such a period of time is a possi-
bility.
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Effect of Age

A significant relationship was observed between sagittal C7-
tragus angle and age, and the positive correlation coefficent of
44 suggested that older individuals tended to have a more for-
ward-placed head. It was not a particularly strong correlation,
and the coefficent of determination (#* = .194) indicated that
19% of the measurement variation could be accounted for by
the effect of increasing age. Although a number of investiga-
tions have described the resting posture of the head in the sagit-
tal plane,?***" the relationship of age has not been clearly de-
fined. Previous investigations™™® demonstrate conflicting
outcomes, although a fairly weak association has been described
by some authors.”” Significant but weak correlations between
age and posture of the head in the sagittal plane, as observed
in this study, call into question the clinical relevance of age in
the examination of head posture. Age-related changes of such
weak strength are unlikely to be apparent in the clinical setting.
No relationship was observed between age and the other param-
eters of head and shoulder posture in the sagittal plane.

Forward Head Posture

It has been reasoned by clinicians that a forward head posture
implies a relatively extended upper cervical spine and a rela-
tively flexed lower cervical spine.”® The measurement *‘sagittal
head tilt’” described the inclination of the head from the hori-
zontal, and reflected the relative posture of the upper cervical
spine since the further the head is inclined anteriorly from the
horizontal, the more the upper cervical spine would be extended.
It was found that sagittal head tilt was not related to the sagittal
C7-tragus angle, and therefore as the head was held further
forward there was no tendency to tilt the head upwards. Thus,
this finding did not concur with the anecdotal relationship de-
scribed in the literature of a forward head posture being strongly
associated with an extended upper cervical spine.****’ The mean
of 172.1° (£6.2°) for the total sample accorded reasonably well
with the meticulous anthropometric measurements of Farkus,
who described the normal sagittal plane inclination of the head
as the equivalent of 175° sagittal head tilt, in subjects aged
between 6 and 18 years. Farkus® used the porion of the ear to
measure the inclination of the head, rather than the tragus of
the ear as was used in this study, and this would have led
to Farkus recording a smaller measurement and also perhaps
accounted for his smaller mean. Contrary to the anecdotal no-
tion, age was not significantly related to sagittal head tilt and
the purported characteristic of a more extended upper cervical
spine occurring with age was not apparent.

Posture of the Shoulders in the Sagittal Plane

The postural alignment of the shoulders in the sagittal plane
has been infrequently described in previous investigations in an
objective manner. In the general community, ‘‘rounded shoul-
ders’’ are often attributed as relevant or important to postural
alignment and there is some evidence in the literature to suggest
that wormen are more round-shouldered than men.”® In the pres-
ent investigation the measurement “‘sagittal shoulder-C7 angle™’
described the position of the shoulders with respect to the trunk.
Sagittal shoulder-C7 angle was found to be similar in men and
women, and did not change with age. There was a trend for the
values to increase with advancing age, but this was not signifi-
cant. The mean shoulder position for the total sample was 53.7°
(#12.5°). The relatively wide confidence interval for this vari-
able (3.8") in comparison to the other measurements of head
and shoulder posture implied there was greater sampling error
for the sagittal plane position of the shoulders and indicated
that the mean value was a less accurate representation of the
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true population mean. The statistical power was extremely low
(.095, table 2), however, which indicated that the measurement
was very similar in mean and standard deviation between the
women and men, and 2,942 subjects were required to obtain a
statistical power of .08. This vindicated the finding of no differ-
ence between the genders because any statistical difference
would therefore be very small in magnitude and of questionable
clinical relevance. In contrast, a study by Braun,? which quanti-
tatively investigated sagittal-plane shoulder posture in adults,
described women as having significantly more forward-posi-
tioned shoulders than men. In addition, subjects were reported
as having a much more protracted shoulder girdle position than
were subjects in this study. Braun®® defined shoulder posture in
the same way as was done in this study, except that the subjects
were measured while the subject was sitting rather than stand-
ing. Variable instructions to subjects, or the different positions
adopted for measurements, might have contributed to the con-
trasting outcomes. Sagittal-plane head posture was measured
similarly in both studies, but in contrast, did not differ substan-
tively between them and so apparently was not affected by
subject positioning.

A Forward Head, Forward Shoulders, and Increased
Kyphosis

A relation between the sagittal plane features of a forward
head, forward shoulders, and increased thoracic kyphosis has
also been described anecdotally in the literature,>>'*® and there-
fore the posture of the head and shoulders in the sagittal plane
was also examined in relation to the curvature of the thoracic
spine. Sagittal C7-tragus, sagittal head tilt, and sagittal shoulder-
C7 angle were not found to be related to curvature of the upper
or lower thoracic spine. This countered the notion that the pos-
tural characteristic of a forward head is associated with forward-
positioned shoulders or increased curvature in the thoracic
spine.

CONCLUSION

Postural attributes continue to receive attention in the rehabil-
itation setting, and anecdotal beliefs persist about the clinical
significance of posture. This research examined the posture of
the head and shoulders in a reasonably large number of asymp-
tomatic subjects, providing evidence that will assist in the clini-
cal evaluation of posture. Further research is needed to assess
specifically the role of posture in relation to the development
of pain or in association with disease such as osteoporosis;
however, this study provides quantitative data about the nature
of postural relationships in subjects without vertebral pain or
disease.

Women and men were found to have similar posture of the
head and shoulders in both the coronal and sagittal planes.
When viewed from the front, they were found to position their
head level with the horizontal, and to stand with their shoulders
relatively even with respect to the horizontal although their right
shoulder was slightly lower (1°) than the left. Age was related
to only one measurement, that describing the position of the
head with respect to the 7th cervical vertebra when viewed from
the side. The position of the head with respect to the 7th cervical
vertebra was observed to be further forward in subjects with
increased age, although this relationship was not very strong.
Contrary to the anecdotal notion, age was not significantly re-
lated to the tilt of the head in the sagittal plane, and the purported
characteristic of a more extended upper cervical spine occurring
with age was not apparent in the reference subjects measured
in this study. In addition, as the head was positioned further
forward, subjects did not demonstrate the concurrent features
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often described of more forward shoulders or increased curva-
ture in the thoracic vertebral column when viewed in the sagittal
plane.
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