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ORIGINAL ARTICLE

PHOTOGRAMMETRIC QUANTIFICATION OF FORWARD HEAD
POSTURE IS SIDE DEPENDENT IN HEALTHY PARTICIPANTS
AND PATIENTS WITH MECHANICAL NECK PAIN

! Aliaa Rehan Youssef, PhD

[JPHY

ABSTRACT

Background: Forward head is a common postural fault of the cervical spine that can be assessed using the photogram-
metry method. This is a valid, popular and feasible clinical method. Although forward head is primarily a sagittal plane
postural fault, deviations in other planes may result in measurement errors when photos are captured from only one
side. Therefore, the purpose of this study was to investigate whether forward head assessment by photogrammetry tak-
en from the right (Rt) or left (Lt) sides of the body would differ.

Methods: One hundred thirty two healthy adults were assessed from standing and 90 were assessed from sitting posi-
tions. In addition, 41 patients with mechanical neck pain were assessed from standing and 56 from sitting positions.
Three profile photos were captured from each side in standing and sitting positions. Photos were then digitized before
they were analyzed using the kinovea software to measure the craniovertebral (CVA) and gaze angles.

Results: In healthy adults, the CVA was not significantly different across sides (p>0.05) whereas the gaze angle was
different regardless of the testing position (p <0.05). For patients with mechanical neck pain, CVA differed in standing
(p <0.05) but not in sitting position (p >0.05), whereas the gaze angle did not differ regardless of the testing position
(p >0.05).

Conclusion: Measurement of CVA and gaze angles in sitting and standing is not consistent across sides, depending on
the population tested. Assessors should be conservative and consider taking photos from both sides to assess the sever-
ity of forward head position using the photogrammetric method.

Keywords: Forward head posture, Photogrammetry, Craniovertebral angle, Gaze angle, Mechanical neck pain, pos-
tural faults.
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INTRODUCTION

Forward head posture (FHP) is the most common postural
fault in the sagittal plane. It has been associated with neck
pain and dysfunction[1-3], cervicogenic headache[4,5],
carpal tunnel syndrome[6] and even an increased fall-
ing risk in the elderly[7]. Thus, quantifying the severity
of FHP has been recommended for routine examination
of the head and neck as well as the upper quadrant of the
body][8,9].

Several assessment methods have been used such as obser-
vation[10,11] and the use of instruments including head
posture and spinal curvature, electronic head posture[12]
and Cervical Range of Motion[13]. Imaging such as plain
radiographs and photography were also used[9,14-19].The
use of photography, or photogrammetric method, to assess
FHP has been reliable and sensitive[20]. It is a valid meth-
od that correlates well with radiographs[4,21]. Further, it is
a simple, feasible and economic method that can be used in
various clinical settings.

Photogrammetry requires capturing photographs in a
standardized manner. Then, photographs are digitized for
further analysis using a computer software[8,22]. Photo
capture can be done either from sitting[23-25] or standing
positions[16,17,24]. Literature has described photography
captured from one side of the body[5,6,9,20,24,26-29].
However, due to the three dimensional nature of the spine,
photos taken from one side only may result in measure-
ments error, as side bending and rotation of the neck may
alter the head position in the sagittal plane. Therefore, the
purpose of this study was to detect whether photogramme-
try of FHP in healthy subjects and patients with mechan-
ical neck pain varies between the corresponding sides of
the body.

METHODS

Participants:

This observational cross sectional study was approved and
conducted in accordance with the guidelines of the local
Ethics Committee. One hundred thirty two asymptomat-
ic healthy male and female adult college students were re-
cruited for this study (62 females and 70 males).

For the patient group, 56 female patients with mechanical
neck pain were enrolled. The age range for all participants
was 18 to 30 years old.

Healthy participants were excluded if they reported any
previous history of musculoskeletal trauma, dysfunction or
surgery over the past two years. Also, participants were ex-
cluded if they had uncorrected vision or hearing problems
or respiratory disease. Initial screening was done to judge
eligibility to participate in the study, then, a full verbal ex-
planation of the purpose of the study and assessment pro-
cedure was given to participants. If a participant agreed to
be enrolled in the study, an informed consent was signed.

For patients with mechanical neck pain, patients were ex-
cluded if they had any red or yellow flags, radiculopathy or
other musculoskeletal deformity, diseases or dysfunction
of the spine[30-32].

Photograph capturing:

First, adhesive markers were placed bilaterally on the tra-
gus of the ear, and the calcaneocuboid joint of the foot. To
capture images, a Fuji film digital camera (3 mega pixel)
was mounted on a tripod that was placed at a distance of
100 cm from the subject’s lateral foot. The height of the
camera was adjusted based on the subject’s height so that
the camera was at the tragus level. An inclinometer was
also used to verify the horizontal alignment of the camera.
In addition, a plumb line was hung freely lateral to the test-
ed subject to represent the true vertical line.

First, subjects were instructed to stand with the side of the
trunk facing the camera and to look at a target fixed in
front [33]. The researcher asked the subject to flex and ex-
tend the neck for a few times before assuming the standing
resting posture. All participants were instructed, prior to
photo capturing, to assume a relaxed resting posture while
looking forward at the target with arm rested beside the
body. Then, three sagittal plane photos were taken by the
digital camera from each side and saved to a personal com-
puter for further analysis. Repeated photographs aimed at
reducing bias due to subject’s tension during photography
capturing as well as to overcome the difference between
measurements because of postural swaying [34]. For pho-
tography in standing position, 132 healthy subjects and 41
patients with mechanical neck pain were assessed, whereas
90 healthy subjects and 56 patients with neck pain were
assessed from sitting position using the same procedures.
Digitized photographs were measured using the open ac-
cess Kinovea software [7].

Assessment of FHP

To assess the severity of FHP, two postural angles were
measured: the cranio vertebral angle (CVA) and the gaze
angle (Figure 1). The CVA was measured as the angle be-
tween an imaginary line extending from C7 through the
tragus, and the horizontal line [5]. The values for CVA are
indicative of the position of the head relative to the trunk.
The smaller the CVA, the greater the FHP. Gaze angle is
the angle formed between a line drawn through the can-
thus of the eye and tragus of the ear and a horizontal line
through the tragus of the ear. This angle describes the in-
clination of the head from the horizontal. It reflects the
relative posture of the upper cervical spine with a greater
gaze angle indicating a more extended position of upper
cervical spine[7,8,15,28,35].

Figure 1: A profile photography showing the measurement
of craniovertebral (lowermost angle) and gaze (uppermost
angle) angles using the Kinovea software. A plumb line is
hanged to represent the line of gravity
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Statistical design:

The main outcome measure for this study was FHP sever-
ity as indicated by the CVA and the gaze angle measured
from the right (Rt) and left (Lt) sides of the body.

The two angles were measured three times from each
side and the average was calculated and used for further
statistical analyses. Paired t-test was used to compare be-
tween angle values on the Rt and Lt in healthy as well as
patients with mechanical neck pain. All statistical analyses
were done using SPSS version 21.0 (IBM Inc., Chicago, IL,
USA). The significance level was set at p<0.05. Also, agree-
ment between the absolute values of the Rt and Lt sides was
assessed using the Bland and Altman graphical method
(-0.22°+6.6); with the difference between Rt and Lt sides
measurements plotted (Y-axis) against the average of the
two measures (X-axis)

RESULTS

For healthy subjects, CVA was not significantly different
between the Rt and Lt sides in standing (p =0.45; 95% CI:
-0.78, 0.35) and sitting (p =0.34; 95% CI: -0.51, 1.45) (Table
1).The mean difference + 95% limits of agreement (LOAs)
between Rt and Lt sides in standing was [36] and in sitting
was (0.47°+9.35) (Table 2).

For patients with neck pain, CVA angle was significantly
different between the corresponding sides in standing (p
=0.01; 95% CI: 0.30, 2.35) but not in sitting position (p
=0.17;95% CI: -0.27, 1.51) (Table 1). CVA mean difference
+ 95% LOAs in standing was (1.32°+6.49), whereas in sit-
ting it was (0.62°+6.64) (Table 2).

Table 1: CVA and gaze angle measurement agreement
between Rt and Lt sides: Mean Difference, 68% and 95%
limits of agreement (LOA) are given

Mean Difference | 68% LoA 95%
(Accuracy) (Precision) | LoA

Normal Group
CVA standing -0.22 3.29 6.59
Gaze standing -1.05 3.70 7.40
CVA sitting 0.47 4.66 9.35
Gaze sitting -0.88 4.15 8.29
Neck pain Group
CVA standing 1.32 3.25 6.49
Gaze standing -0.76 2.90 5.80
CVA sitting 0.62 3.32 6.64
Gaze sitting -0.58 4.01 8.03
LoA: Limits of agreement

Regarding gaze angle, healthy subjects showed signifi-
cant difference between corresponding sides in standing
(p=0.001; 95% CI: -1.68, -0.41) and sitting (p =0.04; 95%
CI: -1.75, -0.04) (Table 1).The gaze angle mean difference
+ 95% LOAs in standing was (-1.05°+7.4) and in sitting it
was (-0.88°+ 8.3)(Table 2).

For patients with neck pain, the gaze angle showed a

non-significant difference between the Rt and Lt sides in
standing (p=0.10; 95%CI: -1.67, 0.16) and sitting (p=0.29;
95%CI: -1.65, 0.50) positions (Table 1). In standing, the
mean difference + 95%LOA between the two sides in
standing was (-0.76°+5.80) and in sitting it was (-0.62°+
8.03) (Table 2).

Table 2: CVA and gaze angle: descriptive statistics, P-val-
ue, as well as 95%CI.

Mean * Range P-val- 95% CI
SD ue
Healthy Standing | Rt CVA | 46.4+5.1 33.0-58.0 | 0.45 -0.78 -
Subject: =132 0.35
ubjects | (n=132) 17 v [ 46653 | 32.0-590
Rt Gaze | 16.9+5.3 | 3.7-283 0.001* | - 1.68 -
-0.41
LtGaze | 17.9+£5.6 | 3.0-30.0
Sitting RtCVA | 46.7+5.4 | 343-62.0 | 0.34 -0.51 -
=90 1.45
(n ) LtCVA | 462+59 | 33.0-65.0
Rt Gaze | 17.7+£5.5 5.0 -30.0 0.04* -1.75-
-0.04
Lt Gaze | 185+54 | 6.7-30.7
Patients Standing | Rt CVA | 45.3+4.6 | 31.3-55.3 | 0.01* 0.30 -
ith Me- =41 2.35
with Me- ) (n=41) 1y oyn [ 4s048 | 303-517
chanical
Neck Pain RtGaze | 16.1+53 | 4.0-250 | 0.10 -1.67 -
0.16
Lt Gaze | 16.8+5.1 | 4.3-29.0
Sitting RtCVA | 454+6.2 30.7 -56.0 | 0.17 -0.27 -
(n=56) 1.51
LtCVA | 44.8+59 | 30.0-55.0
Rt Gaze | 152+4.7 | 6.0-23.7 0.29 -1.65 -
Lt Gaze | 158+53 | 57-26.7 0-50
* indicate significant difference between right and left sides (p<0.05)
Rt: Right; Lt: Left; CVA: Craniovertebral angle

DISCUSSION

This is a comparative cross sectional study. The main out-
come measure was the difference in CVA and gaze angles
measured from the Rt and Lt standing and sitting posi-
tions. Healthy participants and patients with mechanical
neck pain were assessed. The CVA was significantly dif-
ferent across sides in standing position in patients with
mechanical neck pain, whereas the gaze angle significantly
differed across sides in both sitting and standing in healthy
participants.

The photogrammetric method has a high interrater
(ICC=0.75-0.89) and intrarater (ICC=0.91-0.99) reliabili-
ty in assessing FHP [18]. Further, it has a good validity
compared to radiographs. It has a strong correlation with
the angles measured using Low Density X-ray images (LO-
DOX) (R-values of at least 0.84)[37]. When FHP was as-
sessed using radiographs and photographs; no differences
were found between the two methods assessing CVA[4].
Thus, photogrammetry has been recommended as a meth-
od that is clinically feasible, cost-effective, time-efficient,
and non-invasive with no exposure to ionizing irradiation
[37].

In previous studies, the CVA and gaze angles measured
from profile pictures were taken from the Rt side[17,24,29],
Ltside [18,20,26,28,38] or dominant upper limb side[9,39],
without justifying which side should be chosen. Thus, this
study was the first to compare side effect on measurement
of FHP.
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In this study, the mean CVA significantly differed only in
standing position in patients with mechanical neck pain
with a mean difference of 1.3°. Neck pain has been shown
to impair standing balance[40,41]. This was attributed to
distraction, increased anxiety or sensorimotor changes
[40]. Further, neck pain is usually associated with shorten-
ing of extrinsic neck muscles such as the sternocleidomas-
toid and scaleni muscles[42-44]. When these muscles act
unilaterally, they flex, rotate and side bend the neck. Such
combined movement involves more than one anatomical
plane, and thus, may contribute to the minor difference
seen between the right and left sides in those patients pop-
ulation.

On the other hand, CVA was consistent across sides in
healthy participants in standing and sitting positions. Yet,
average CVA in healthy individuals and patients with neck
pain was 45 and 46°, respectively. These values are below the
known 48-50° cutoft for this age population[5,45].Howev-
er, this cutoff has been identified using different measuring
methods and approximately seven decades ago. Life style
has changed dramatically in the past few years, with the
extensive use of smart technologies such as cellular phones
and tablets as well as with general reduction of active life
style. Recent studies reported similar range to that of the
current study, even in younger populations. For example,
Ruivo et al. (2015) reported an average CVA of 47.9°(+
4.8) in 275 adolescents, aged between 15 and 17 years old
and assessed from standing position[39]. Also, Fard and
his colleagues tested fifty healthy adults between the age of
19 and 30 in standing position and reported a CVA angle
ranged from 39.5 to 55.5° [46], which is close to the range
reported in this study. Further, a relatively high prevalence
(25%) of FHP (decreased CVA) was reported in Chinese
high school students [47]. Also, a few studies reported a
lower mean CVA than that reported in this study([1,23,38].

Regarding CVA agreement between the two sides in healthy
participants during standing position, the mean difference
was less than 0.5°. The closer the mean difference to zero,
the less systematic bias exists between measurements.
This reflects a high accuracy in measurement of the two
sides[48,49]. It should be noted that the variability (68%
LOA) between the measurements of the two sides was rel-
atively small (=3.29°); which represents around 6% of the
reported normal CVA angle of 50°. This was also true for
sitting, where the mean difference was small (0.47°) as well
as the variability (4.66°). Small variability reflects higher
precision, or how close the measured values are to each
other|[ 48, 49].

The CVA agreement between the Right and Left sides in
patients with mechanical neck pain was similar to that seen
in healthy participants. There was a high accuracy between
the corresponding side as denoted by the small mean dif-
ference in standing (1.32°) and sitting (0.62°). The narrow
differences reflected by the 68% LOAs between the sides
reflects small variability or high precision (3.25° for stand-
ing and 3.32° for sitting, both are less than 10% of normal
value)[48,49].

In this study, gaze angle ranged between 3° and 30° in
standing and between 5° and 30° in sitting. Changes in
gaze angle in association with FHP are still controversial.
For example, Kang et al. (2012) reported that FHP is asso-
ciated with decreased CVA and increased gaze angle [7],
whereas Raine and Twomey (1997) found that gaze angle
was not related to alteration in CVA[28].

Further, gaze angle values reported in literature are quite
variable. For example, Raine & Twomey (1997)found that
gaze angle measured from standing photography ranged
from 1° to 15° [28]. The upper range reported was lower
than that of the current study. However, in the Raine and
Twomey study, participants’ age ranged from 17-83 years,
which is a wide and quite different age range compared to
that of the current study. Also, Kang and his colleagues
(2012) reported gaze angle measured in sitting and ranging
from 19° to 21°, with the lower range much greater than
that of the current study[7]. However, their population age
range also differed from that of the current study (33 to 37
years). Difference in gaze angle across sides could be at-
tributed to testing position, and whether a target was fixed.
To minimize variability related to measurement, in this
study a fixed target was standardized in all measurements.

Healthy participants showed differences in gaze angle
across sides, regardless of the testing position. On the other
hand, patients with mechanical neck pain did not show any
differences in either testing position. It is not clear why dif-
ferences existed in healthy subjects and not patients with
mechanical neck pain. However, with the controversial re-
sults about gaze angle changes with FHP and considering
the complex nature of neck pain and it associated compen-
satory postural changes in the three cardinal planes; a 3D
kinematic analysis could help explaining why changes in
gaze angle of healthy people but not in patient populations.

For gaze angle agreement, healthy subjects assessed in
standing showed almost double the mean difference re-
ported for CVA measurements, indicating lower measure-
ment accuracy of gaze angle. This was associated with a
high variability (=3.70°) that exceeded 13% of the upper
reported range of 30° indicating lower precision. In sitting
position, the mean difference value was considerable (= 1°)
compared to that of the CVA. Further, variability as evi-
dent by 68% LOAs (=4.15°) continued to be high denoting
low precision. Thus, a more precise method for quantifying
gaze angle should be considered before final conclusions
about differences across sides could be drawn.

In patients with mechanical neck pain, the gaze angle mea-
sured in standing and sitting showed a relatively small dif-
ference (less than 1° degree) compared to that measured in
healthy participants. Yet, variability continued to be high
in standing (=2.90°) and sitting (=4.01°) questioning this
method precision for measuring gaze angle.

Despite the novel findings of this study, a few limitations
exist. This study used surface markers, which may result in
measurement error due to skin movement. Also, patients
with mechanical neck pain were all females. Future studies
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are encouraged to include patients from both genders and
different age groups and occupations.

CONCLUSION

Photogrammetric quantification of forward head position
by measuring craniovertebral and gaze angles may differ
across sides depending on the population tested. For gaze
angle, healthy adults may show differences across sides,
whereas the craniovertebral angle may differ across sides
in patients with mechanical neck pain.
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