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Abstract

The purpose of this study was to determine the intra-—rater and inter-rater reliability of various forward
head posture measurements. Ten healthy adults (age, 20.4+2.2 yrs; height, 164.0#55 cm; weight, 58.7£7.3
kg) participated in the study. They were free of injury and neurologic deficits in the upper extremities and
neck at the time of testing. The subjects were asked to perform head forward posture by under the guid-
ance of physical therapists. Markers were placed on the C7 spinous process, mastoid process, tragus of the
ear, outer canthus, and forehead. Measurement 1 for forward head posture assessment was measured as
the angle between the horizontal line through C7 and the line connecting the C7 spinous process with the
tragus of the ear. Measurement 2 was measured as the angle between the C7 spinous process, the mastoid
process and the outer canthus. Measurement 3 was measured as two kinds of angles the HT (head tilt)
angle is between the line from the midpoint of forehead to the tragus line and Y-axis at the tragus point.
The NF (neck flexion) angle is between the line from the tragus to the C7 line and the Y-axis at the C7.
Intra-rater, inter-rater reliability and coefficient of variation was assessed by comparing the measured val-
ues from three kinds of measurements of forward head posture. The intra-rater reliability was indicated by
intraclass correlation coefficients [ICC(1,1)] and inter-rater reliability was shown by intraclass correlation
coefficients [ICC(3,k)]. The results of study were as follows: ICC(1,1) values for intra-rater reliability of
three measurements were in the ‘excellent’ category. ICC(3k) values for inter-rater reliability of three
measurements were also in the ‘excellent’ category. The coefficient of variation of method 2 had a low-
er value than method 1 and method 3. This data means that the measured value of method 2 was less
scattered. Further research is needed to determine whether the validity of all measurements is revealed in
the ‘excellent’ category.
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Introduction

Neck pain accounts for a smaller percentage of
work-related musculoskeletal disorder (WMSD) than
back pain, but it has been frequently studied, espe-
cially for sedentary job tasks associated with sig—
nificant amounts of computer usage (Babski-Reeves

et al, 2005). There has been mounting evidence in
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recent years identifying static neck and shoulder
posture, such as that frequently assumed by com-—
puter workers, as a possible risk factor in work-re—
lated neck and upper limb disorders (WRNULD)
(Szeto et al, 2002). Posture of the head, neck, and
shoulders has been recognized as a factor con-
tributing to the onset and perpetuation of cervical
pain dysfunction syndromes (Braun and Amundson,
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1989). Computer work involves prolonged viewing of
a visual display unit and increases lower cervical
flexion muscle tension to support the weight of the
head (Straker and Mekhora, 2000). Szeto et al (2005)
compared the head, neck and shoulder postures of
office workers with and without symptoms in these
regions, in their actual work environments and
showed that there were trends for increased head tilt
and neck flexion postures in the symptomatic sub-—
jects, compared to the asymptomatic subjects.
Evaluation of head posture has commonly included
the profile alignment of the body parts with respect
to the trunk (Griegel-Morris et al, 1992). Alignment
has been deemed poor when the head is held for—
ward in relation to the trunk (Raine and Twomey,
1997). Physical characteristics referred to as poor in-
clude a forward tilt of the head and the nature of
these characteristics is self-explanatory (Braun and
Amundson, 1989). Forward head posture and flexion
of the trunk form the main components of slumped
sitting (Julius et al, 2004). Forward head posture is a
common clinical observation that patients presenting
shoulder and back pain frequently demonstrate
(Hanten et al, 1991). Other postural correlates also
have been described without quantitative verification,
such as the view that a forward tilted head is re—
lated to an extended upper cervical spine, or to pro—
tracted shoulder girdles and a kyphosis thoracic
spine (Hanten et al, 1991). However, with forward
head posture is very difficult to establish the
cause—and-effect relationship of posture and pain
(Gooch, 1993). Also, the possible mechanisms leading
to pain in patients with postural malalignment have
not been examined in any detail (Blouin et al, 2003).
Body posture in performing computer work has
been commonly studied in the sagittal plane as
two—-dimensional posture or movement (Raine and
Twomey, 1997, Straker et al, 1997). Other studies
have used video cameras to capture the sagittal pro—
files and digitized reflective marker locations (Szeto
et al, 2002). But, when an observational assessment
tool is being used as a measure of clinical outcome,

it is important to establish the reliability of that tool
(Portney and Watkins, 2000). The method employed
relied on the experimenter’s judgment to identify a
change in posture and the accuracy associated with
taking angular measurements from an LCD screen
(Burgess—Limerick et al, 1999). The curvature of the
screen may have distorted the angular measurements.
The methods employed can only provide estimates of
the number of postural shifts. More detailed quanti—
tative data would be needed to provide a more accu-—
rate measurement of posture changes (Moffet et al,
2002). Therefore, several types of reliability testing
are necessary in order to determine grade of forward
head posture (Callaghan and Dunk, 2002). The pur-
pose of this study was to determine intra-rater reli—
ability and inter-rater reliability of various forward

head posture measurements.

Methods

Subjects

Ten healthy young adults (age, 224+2.0 vyrs;
height, 164.0+55 cm; weight, 53.7+7.3 kg) participated
in the study. They were free of injury and neuro—
logic deficits in the neck and upper extremity for 1
year. The age, height, and weight of the subjects are
summarized in Table 1.

Table 1. General characteristics of subjects  (N=10)
Characteristics Mean+SD
Age (yrs) 22.4+2.0
Height (cm) 164.0+5.5
Weight (kg) 58.7+7.3

Instruments

Each subject was videotaped to capture the sag-
ittal profile of the upper body using a single video
camera. All subjects were able to complete three
trials. The measured value of forward head posture
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was recorded by a digital camera and video motion
analysis software SIMI°Twinner Pro” was used to
analyze the kinematic data. This system had a sam-—
pling rate of 30 Hz for digitalization.

Procedures

The video camera was set up at approximately 1
m away from and perpendicular to the subjects’
sagittal plane. The instructions given to the subject
were to look straight ahead, with the arms resting
on the lap and the back resting on the backrest of
the chair. Yellow foam balls of 25 cm diameters
were used as skin markers. This procedure was al-
ways carried out by the same investigator in order
to reduce the variability in maker placement. The
video segments were selected on the basis that they
represented the forward head posture of the subject,
and that there was minimal out of plane movement.
The subjects were taught to perform the forward
head postures repeatedly by practicing them under
the guidance of a physical therapists.

Measurement 1: Forward head posture is measured
as the angle between the horizontal line through C7
and the line connecting the C7 spinous process with
the tragus of the ear. As head posture becomes more
forward, the angle decreases (Braun et al, 1939).
Measurement 2: Head angle is defined as the anteror
angle subtended by lines joining the C7 spinous

process, the mastoid process on a line joining the
tragus and outer canthus, and the outer canthus of
the eye markers. The position of the head with re—
spect to the external environment was described by
calculating the position of the horizontal ear-eye line
1999).
Forward head posture is commonly adopted by a

(Burgess—Limerick et al, Measurement 3
combination of lower cervical flexion and upper cer—
vical extension because the subject was evaluated in
two parameters. HT (head tilt) angle is between the
midpoint from the forehead to tragus line and the
Y-axis. NF (neck flexion) angle is between the
tragus to the C7 line and the Y-axis (Szeto et al,
2002) (Figure 1).

Statistical Analysis

Intra-rater and inter-rater reliability was assessed
by comparing the measured values from three kinds
of measurements during forward head posture. The
intraclass correlation coefficients [ICC(1,1)] were used
to assess intra-rater reliability of three measure—
ments (Sackley et al, 2005) and intraclass correlation
coefficients [ICC(3,k)] were used to assess inter—rater
reliability of three measurements (Portney and
Watkins, 2000). For this study, ICCs below .75 were
considered ‘poor to moderate’ , those above .75 were
considered  ‘good’ , and above 90  ‘excellent’
(Sackley et al, 2005). The coefficient of variation for

1

2

3

Figure 1. Three types of measurements for forward head posture

1) SIMI Reality Motion Systems GmbH, Unterschleissheim, Germany.
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repeatedly measured values of various measurements
by raterl and rater 2 was used to assess the meas—
ure of dispersion of data.

Results

The intra-rater reliability index for forward head
posture is shown in Table 2. ICCs revealed that
method 1 by rater 1 was .954, method 1 by rater 2
was .955, method 2 by rater 1 was .966, method 2
by rater 2 was .985, method 3 by rater 1 was .937,
and method 3 by rater 2 was .973. Overall, method 2
had a higher value of reliability than method 1, and
method 3 (Table 2).

The inter-rater reliability index between rater 1
and rater 2 for forward head posture is shown in
Table 3. ICC(3k) values for inter-rater reliability of
all items of all methods were in the ‘excellent’ cat-
egory, ICCs revealed that method 1 was .991, method
2 was .992, method 3 was .983. Likewise intra-rater
reliability, method 2 had a higher value for inter-rater

reliability than method 1 or method 3 (Table 3).

The coefficient of variation for forward head pos-
ture index is shown in Table 4. The coefficient of
variation showed that method 1 by rater 1 was .402,
method 1 by rater 2 was .371, method 2 by rater 1
was .132, method 2 by rater 2 was .092, method 3
by rater 1 was .263, method 3 by rater 2 was .177
(Table 4). The coefficient of variation of method 2
revealed the lowest value.

Discussion

The purpose of this study was to determine the
intra-rater reliability and inter-rater reliability for
various forward head posture measurements.
Measurement 1 was measured as the angle between
the horizontal line through C7 and the line connect—
ing the C7 spinous process with the tragus of the
ear. As head posture becomes more forward, the an—
gle decreases (Braun et al, 1989). Measurement 2

was taken from the outer canthus to the mastoid

Table 2. Intra-—rater reliability of three measurements for forward head posture (FHP) (N=10)
Method 1 Method 2 Method 3
I0C(LD) 95%_ Confidence 10CLD) 95%.Cor1ﬁdence 10C(LD) 95%.C0nfidence
interval interval interval

Rater 1 954 .876~.987 .000 .966

Rater 2 955 878~ .987 .000 985

909~.991 .000 937
.960~.996 .000 973

834~ .982 .000
.926~.993 .000

Table 3. Inter-rater reliability of three measurements for forward head posture (FHP) (N=10)
Method 1 Method 2 Method 3
10CGEK) 95%. Confidence 5 10CGK) 95%. Confidence 5 10CGK) 95%. Confidence
interval interval interval
FHP 991 .965~.998 .000 992 966~ .998 .000 988 .950~.997 .000
Table 4. Coefficients of variation of three measurements for forward head posture (FHP) (N=10)
Method 1 Method 2 Method 3
Rater 1 402 132 263
Rater 2 371 .092 177
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process on the line joining the tragus and outer can-—
thus to the C7 spinous process. The position of the
head with respect to the external environment was
described by calculating the position of the horizontal
(Burgess—Limerick et al, 1999).
Measurement 3 was evaluated in two parameters.

ear-eye line

HT angle is between the midpoint of the forehead to
the tragus line and Y-axis. NF angle is between the
tragus to C7 line and the Y-axis (Szeto et al, 2002).

The ICC(1,1) for the intra-rater reliability and
ICC(3k) values for the inter-rater reliability of all
items of all methods were in the ‘excellent’ cat-
egory (Table 2) (Table 3). Intra-rater and inter-rater
reliability of all items of method 2 were higher than
the items of method 1 and method 3. The coefficient
of variation showed by method 1 with rater 1 for
forward head posture was .402, method 1 by rater 2
for forward head posture was .371, method 2 by
rater 1 for forward head posture was .132, method 2
by rater 2 for forward head posture was .092, meth—
od 3 by rater 1 for forward head posture was .263,
method 3 by rater 2 for forward head posture was
177 (Table 4). The coefficient of variation of the
method 2 was lower than those of method 1 and
method 3. This data means that the measured value
of method 2 was less scattered.

These results for reliability of forward head pos-—
ture measurements provide the clinician with insight
into the standardization of the test, and the rater
with the ability to use the criteria correctly (Harris
et al, 1984). Intraclass correlation is used to measure
intra-rater reliability. It may also be used to assess
inter-rater reliability, although ICC is preferred over
Pearson’s r only when sample size is small (<15) or
when there are more than two tests (one test, one
retest) to be correlated. Also, ICC varies depending
on whether the judges are all judges of interest or
are conceived as a random sample of possible judges,
and whether all targets are rated or only a random
sample, and whether reliability is to be measured
based on individual ratings or mean ratings of all
judges (McGraw and Wong, 1996).

There are a number of advantages to using video-
tapes as a method of assessing reliability. When the
therapists then assess inter-rater reliability, it may
be high because everyone agrees on how to angle,
but the angle may not be the correct one. Finally,
another use for criterion testing video analysis is to
have an easy method of assessing ongoing levels of
competency. Tests can be completed at regular inter—
vals as to ensure that high levels of reliability are
maintained (Harris et al, 1984). However, these
methods, when employed, relied on the ex-—
perimenter’'s judgment to identify a change in pos-—
ture and the accuracy associated with taking angular
measurements from a screen. The above arguments
and the data presented are always considered in
conjunction with the characteristics of the video
analysis and epidemiological data.

The effects of posture on health are becoming
more evident. Spinal pain, mood, blood pressure,
pulse, and lung capacity are among the functions
most easily influenced by posture (Lennon et al,
1994). One of the most common postural problems is
forward head posture. The repetitive use of com-—
puters, TVs, video games, and even backpacks have
forced the body to adapt to the forward head
posture. Because the neck and shoulders have to
carry this weight all day in an isometric contraction,
this posture causes loss of blood, damage, fatigue,
strain, pain, burning and fibromyalgia in the neck
muscles. When spinal tissues are subject to a sig—
nificant load for a sustained period of time, they de-
form and undergo remodeling changes that could be-
come permanent (Gore et al, 1986). Increased flexion
at the atlanto—occipital joint increases the horizontal
distance from the center of mass of the head to its
axis of rotation. Similarly, with the trunk in a verti-
cal position, an increase in flexion of the cervical
spine increases the horizontal distance from the cen-
ter of the head and neck combined to the axes of
rotation in the vertebral column. Hence, with the
trunk in an upright position, both atlanto—occipital
and cervical flexion increase the torque required of
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the extensor musculature to maintain static equili—
brium (Burgess—Limerick et al, 1999).

The results from this study indicate that it is
eminent to assess the reliability of the quality of
forward head posture using video analysis.
Especially, the reliability of all items from method 2
was the best. Video motion analysis software
SIMI°Twinner Pro of various video analysis pro—
grams is exquisite and accurate. The high quality of
analysis programs may result in high reliability.
Further research is needed to determine whether the
validity of all measurements is revealed in the ‘ex-

cellent’ category.

Conclusion

The aim of this study was to determine the in-—
tra-rater, inter-rater reliability for wvarious forward
head posture measurements. The results showed that
the ICC(1,1) for the intra-rater reliability and the
ICC(3k) for the inter-rater reliability of all items
from all methods were in the ‘excellent’ category.
Intra-rater and inter-rater reliability of method 2
were higher than those of method 1 and method 3.
Coefficients of variation of method 2 were lower
than those of methods 1 and 3. This data means
that the measured value of method 2 were less
scattered. These results for reliability and coefficient
of variation of three forward head posture measure-
ments provide the clinician with insight into the
standardization of the test, and the rater with the

ability to use the criteria correctly.
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