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Study Design. A repeated measures observational
study.
Objective. To investigate change in sagittal alignment
of head and neck posture in response to adjustments of
an office chair with and without a lumbar roll in situ.
Summary of Background Data. Forward head posture
has been identified as a risk factor for neck pain, and there
is evidence to show that ergonomic correction in sitting
may reduce the incidence of pain. The effect placement of
a lumbar roll has on cervical spine posture has not been
previously investigated experimentally but rather, is assumed to have a positive influence on head and neck
posture.
Methods. Thirty healthy male participants (18 –30
years) were photographed while registered in the natural
head resting position in each of 4 sitting positions with
and without a lumbar roll in situ. Two positions incorporated adjustments to the back rest and 1 to the seat pan of
the office chair. The craniovertebral (CV) angle, as a determinant of head and neck posture was measured from
the set of digitized photographs obtained for each participant. Comparisons between the CV angle in all postural
registrations were made using a mixed model analysis
adjusted for multiple comparisons.
Results. Of the positions examined, significant differences in the mean CV angles were found with the backrest of the chair at 100° and at 110° (P ⬍ 0.001). With the
lumbar roll in situ and the backrest position at 110°, there
was a significant increase in the mean CV compared with
the angle without the lumbar roll in situ (2.32°, 95% confidence interval: 1.31–3.33; P ⬍ 0.001).
Conclusion. The degree of angulation of the backrest
support of an office chair plus the addition of lumbar roll
support are the 2 most important factors to be taken into
account when considering seating factors likely to favorably change head and neck postural alignment, at least in
asymptomatic subjects.
Key words: head and neck posture, lumbar roll, office
chair. Spine 2010;35:E542–E548

The posture of the head and neck and their relationship
in sitting has been investigated by various occupational
groups involved in workplace design.1– 6
The forward head posture when registered in the sitting position has been identified as a risk factor for the
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development7 and increased frequency and severity of
neck pain.8 Prolonged extreme forward flexion of the
head and neck has been shown experimentally to produce neck discomfort7and radiculopathy,9 with further
consequences of loss of cervical spine extension.8
There is some evidence that ergonomic interventions,
including that of correcting the design of the chair in the
workplace, have been shown to reduce neck and shoulder pain.10 –12 Data from a number of studies on posture
of the head and neck in the sitting position are available.3,13–16 These studies provide a range of head and
neck posture values under different sitting conditions in
symptomatic and asymptomatic subjects and suggest
that head and neck posture can be measured reliably and
consistently. However, as yet there is no consensus on
the optimal head and neck posture in the sitting position.
It is also accepted that all the spinal curvatures are
interrelated and that head and neck posture will be adversely affected by changes lower down in the spine. 17–23
The underlying premise is that as the lumbar spine flexes,
there is an accompanying change in the thoracic spine,
and consequently, the head and neck assume a more
protruded posture. Experimentally, there is evidence to
support this view, at least in unsupported sitting, with
position of the lumbar spine shown to correspondingly
influence head and neck posture.24
The lumbar roll is a soft external lumbar support,
which is designed to provide passive support to, and
promote maintenance of, the natural lordotic curve
when sitting.21 The use of a lumbar roll may increase the
amount of lumbar lordosis in healthy participants by
tilting the pelvis anteriorly.25,26 To date, despite the wide
spread clinical use of the lumbar roll as a therapeutic
intervention for postural correction of the spine,21,22 the
influence of a lumbar roll on the resting posture of the
head and neck has not been investigated. Thus, the purpose of this study was to investigate whether placement
of a lumbar roll while seated on an office chair influences
the position of head and neck posture, more so than
other typical adjustments of the chair. For this purpose, a
custom-made office chair was used. The design allowed
for adjustments of both back rest angle and seatpan tilt,
each of which have been shown to influence the angle of
lumbar lordosis.1,19,25,27,28
Materials and Methods
Participants
A sample of convenience comprising 30 healthy male participants was recruited for the study. Inclusion criteria were males,
age range 18 to 30 years, and no history of back or neck pain.
Participants were excluded on the basis of any history of
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Table 1. Design Specifications of the Custom-Made
Office Chair
Components
Seat pan
Chair height
Backrest

Seat tilt
Base

Figure 1. The custom-made experimental chair featuring adjustable seat pan and backrest with a gravity-dependent goniometer
attached. Seat height was adjustable to ensure consistent hip and
knee angulation across participants.
craniofacial, cervical, shoulder, or low back injury or neurologic disease. Approval to undertake the study was granted by
the local Human Ethics Committee.

Procedure
Anthropometric data comprising age (years), weight (kg), and
standing height (cm) were collected from each participant.
Baseline measurements of lumbar and cervical flexion and extension were taken to establish that the participants’ spinal
movements were within the respective normative ranges.29,30
Lumbar spine measurements were obtained using the Modified
Schober Index (cm),31 and for the cervical spine, a Cervical
Range of Motion (CROM) device (degrees) was used.30
Surface landmarks for measurement of head and neck posture using the craniovertebral (CV) angle14,32–35 were identified and marked by placing an adhesive reflective ball (5 mm in
diameter) on the C7 spinous process and an adhesive reflective
tape (5 mm square) on the midpoint of the tragus of the
ear.36,37 The L3-L4 interspace was identified and marked by
palpating upward from the L5 spinous process, so as to standardize placement of the lumbar roll.
A custom-made office chair (Figure 1) was used for all recordings. Specifications for the chair are listed in Table 1. A
large protractor with a free hanging pointer was attached to the
backrest to ensure data were collected at each of 3 specified
backrest angles (90°, 100°, and 110°) and seatpan tilt (7°).
Angle calibration on the protractor was carried out using a
large two-armed goniometer, following each positional change
of the backrest and seatpan. The backrest shape enabled a
commercially available lumbar roll (McKenzie Lumbar Roll;

Design Specifications
Level wooden base (450 mm wide ⫻ 400 mm deep)
with 25-mm thick firm foam, upholstered.
Gas lift with height adjustment (470–670 mm) above
floor level.
Flat wooden backrest (400 mm wide ⫻ 450 high)
with 25-mm firm foam, upholstered,
independently adjustable to incline from 80° to
110°.
Independently adjustable to tilt backward from
horizontal ⬃7°, carrying the backrest with it.
Five glide feet.

Backcare, New Zealand) [length (28 cm), diameter (13 cm),
and foam density (28 kg/m3)] to be positioned securely at the
apex of the lumbar curve (L3-L4 level).1,19,25,26,38,39 A permanent marker on the lumbar roll served to ensure it was consistently placed at the L3–L4 level identified on each participant.
Measurements were recorded in a single session for a total of 8
experimental sitting positions (Table 2). The order for sitting
positions for each participant was randomized using a number
generator.
For each participant, sagittal photographs of the head, neck,
and shoulder from the left side were taken using a 3.2
megapixel digital camera (Olympus C-740, Tokyo, Japan) fitted on a tripod located 3 m from the chair. A free hanging
plumb line in view of the captured images served to define the
true vertical.
The height of the office chair was adjusted to allow each
participant’s hips and knees to flex approximately to 90° and
for their feet to rest comfortably on the floor. A standardized
set of instructions was used with each seating adjustment. Care
was taken to standardize the head in natural head rest position
(NHP)40 – 42 on each occasion. To facilitate the NHP participants were requested to flex and extend their head to determine
the position of comfort and then fix their visual gaze on the
same point on a poster chart located on the wall 2.4 m directly
ahead.40,41

Measurement of the CV Angle
The CV angle is defined as the angle between the true horizontal and a line drawn from the tip of the spinous process of C7 to
the mid point of the tragus of the ear.14,32–35,43 The CV angle
was measured directly from the digital photographs using the
computer program NIH ImageJ 1.32 for Windows. NIH ImageJ is a public domain image processing and analysis program

Table 2. Details of the 8 Experimental Conditions for the
Office Chair
Position
1
2
3
4
5
6
7
8

Details of the Ergonomic Office Chair Adjustments
Seat level, backrest 90°
Seat level, backrest inclination 100°
Seat level, backrest inclination 110°
Seat tilted backward 7°, backrest inclination 90°
Seat level, backrest 90°, lumbar roll in situ
Seat level, backrest inclination 100°, lumbar roll in situ
Seat level, backrest inclination 110°, lumbar roll in situ
Seat tilt backward 7°, backrest inclination 90°, lumbar
roll in situ
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Table 3. The Mean (Standard Deviation) and Range of
Craniovertebral Angles (Degrees) in Healthy Male
Participants Recorded in Each of 8 Experimental Sitting
Conditions (n ⴝ 30)
Sitting
Positions
1
2
3
4
5
6
7
8

Mean (Standard Deviation)
(Degrees)

Minimum
(Degrees)

Maximum
(Degrees)

47.65 (5.91)
49.63 (6.44)
52.90 (6.91)
49.23 (6.39)
48.98 (6.29)
51.29 (6.90)
55.22 (7.32)
51.11 (6.73)

35.17
33.69
41.19
34.82
37.78
35.42
41.82
38.50

56.89
61.05
64.40
61.48
61.05
66.95
69.10
63.44

and is available freely from the website: http://rsb.info.nih.gov/
ij/. Each angle was automatically calculated and rounded to 2
decimal places.

Statistical Analysis
All statistical tests were performed using SPSS 14.0 (SPSS Inc.,
Chicago, IL) statistical software. Reliability of the measurement of CV angle was assessed using intraclass correlation
coefficient values (ICC: 2.1). A linear mixed model with unstructured covariance was used to evaluate the differences between corresponding sitting positions44 to account for the correlations because of the repeated measures design. The
dependant variable was the CV angle, and the repeated measure was the experimental sitting position that incorporated a
total of 16 pairwise comparisons. The significance level of alpha ⫽ 0.05 was used to determine statistical significance. A
Bonferroni adjustment was made by multiplying the unadjusted P values for each of the pairwise comparisons to reduce
the possibility of a type 1 error being made.45 The confidence
intervals (CIs) were not adjusted.46

Results
Mean (⫾standard deviation) anthropometric results
for the 30 participants were age 21.73 ⫾ 3.32 years;

Figure 2. Pairwise comparisons
(
) between the mean (⫾95%
confidence interval) craniovertebral angles (degrees) in healthy
male participants (n ⫽ 30) recorded in sitting positions 1– 4.
*P ⬍ 0.005; **P ⬍ 0.001.

weight 77.37 ⫾ 13.50 kg; height 178.17 ⫾ 7.74 cm;
and body mass index 24.27 ⫾ 3.53 kg/m2. The ICC
values of 0.99 (95% CI: 0.96 –1.00, P ⬍ 0.001)
showed excellent intraobserver reliability47 for the CV
angles using the NIH ImageJ software when examined
on 10 repeated measurements.
The mean (⫾standard deviation) and range of the CV
angles for the 8 experimental conditions using adjustments to the back rest and seat pan tilt of the office chair
with and without the lumbar roll in situ are given in
Table 3. The largest significant difference between mean
CV values recorded without the lumbar roll in situ was
between that of positions 1 (backrest 90°) and 3 (backrest 110°) (5.25°, 95% CI: 4.16 – 6.34, P ⬍ 0.001) (Table
3). The largest difference between mean CV angles with
the lumbar roll in situ was between positions 5 (backrest
90°) and 7 (backrest 110°) (6.24°, 95% CI: 4.96° to
7.53°; P ⬍ 0.001) (Table 3).
The results from the mixed model analysis used to
compare the between mean CV angles of the sitting positions 1 to 4 (without the lumbar roll in situ) (Figure 2)
identified a significant increase in CV angles in position 2
(backrest 100°) (P ⬍ 0.005) and position 3 (backrest
110°) (P ⬍ 0.001), when compared with position 1
(backrest 90°). The results also identified a significant
increase in CV angles in position 1 (backrest 90°) (P ⬍
0.005) and position 3 (backrest 110°) (P ⬍ 0.001), when
compared with position 4 (seatpan tilt 7°). The nonsignificant finding was between sitting position 2 (backrest
100°) and sitting position 4 (seatpan tilt 7°) (0.40°, 95%
CI: ⫺1.52 to 0.74 P ⫽ 1.00).
The results from the mixed model analysis for the
between mean CV angles for sitting positions 5 to 8 with
the lumbar roll in situ are given in Figure 3. Here significant differences in mean CV angles were identified between position 6 (backrest 100°) and position 7 (back-
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Figure 3. Pairwise comparisons
(
) between the mean (⫾95%
confidence interval) craniovertebral angles (degrees) in healthy
male participants recorded in
four experimental sitting positions with a lumbar roll in situ
(n ⫽ 30). **P ⬍ 0.001.

rest 110°), when compared with position 5 (backrest
90°) (P ⬍ 0.001). Position 5 (backrest 90°) and position
7 (backrest 110°), when compared with position 8 (seatpan tilt 7°) also showed significant differences in CV angle (P ⬍ 0.001). The difference between position 6 (backrest 100°) and position 8 (seatpan tilt 7°) was not
significant (0.18°, 95% CI: ⫺ 1.26° to 0.90°, P ⫽ 1.00).
The final component of the mixed model analysis undertaken was to compare corresponding sitting positions
with and without the lumbar roll in situ. The 1 sitting
position in which a significant difference in the CV angle
could be demonstrated with and without the lumbar roll
in situ was with the backrest positioned at 110° (positions 3 and 7) (2.32°, 95% CI: 1.31–3.33; P ⬍ 0.001)
(Figure 4).

Discussion
The aim of our study was to investigate the possible
influence of a lumbar roll on head and neck posture as
determined by the CV angle using typical ergonomic adjustments to the seatpan and backrest tilt of an office
chair. Results showed that as the backrest of the office
chair was reclined from 90° to 110°, there was a significant change to resting head and neck posture (Figures 2
and 3). The effect of tilting the seatpan backward, and
the backrest moving with it, was essentially the same as
positioning the backrest at 100°. Furthermore, the addition of a lumbar roll was only associated with a significant change in head and neck posture when the backrest
of the office chair was positioned at an angle of 110°

Figure 4. The mean (⫾95% confidence interval) craniovertebral angles (degrees) in healthy males
participants recorded in four experimental sitting positions and
then correspondingly, with a lumbar roll in situ (n ⫽ 30). **P ⬍
0.001.
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(Figure 4). The finding of a significant change in the CV
angle when the backrest was inclined backward beyond
90° confirms previous observations of associations between chair backrest angle and sagittal plane head and
neck posture.3,48 Importantly, the finding that the forward head posture was significantly reduced with the
addition of lumbar roll in an angle-specific position of
110° back rest inclination in the office chair, and not at
smaller angles, has not been noted previously.
Changes in CV angle associated with the changes in
neck posture were small, and hence a method of measurement that uses bony landmarks is important for accuracy. The most common method for measuring the CV
angle is to use the landmarks of the C7 spinous process
and the tragus of the ear, while the subject is registered in
NHP, either in standing or sitting. The inter and intraexaminer reliability of measuring CV angle has been shown
to be high (ICC: 0.88 – 0.99),14,16,34,35 and in our study,
the intraexaminer reliability was also found to be high
(ICC: 0.99, 95% CI: 0.96 –1.00, P ⬍ 0.001), thus confirming the accuracy of the method of choice.
There are a number of different types of lumbar rolls
available commercially, each with different densities.
The lumbar roll used in this study was selected because
its technical specification was known, and the same
model had been used in a study on low back pain.39
However, given that the type of lumbar roll used by a
person is dependant on their personal comfort, a limitation of our study is that the results cannot be generalized
to the use of other lumbar rolls or to chairs with a fixed
lumbar support.
Our study had some other limitations. First, the postural registrations provided a single frame reference of
head and neck posture and as such, does not take into
account possible temporal changes in posture, the effect
of the demands of specific working tasks nor possible
influences of work fatigue.48,49 Results of other studies
in which measurement of the temporal effect on head and
neck posture with the participant performing a task,
such as typing, reading, or watching a video monitor
have been undertaken and have shown that shrinkage of
the spine can occur over time in certain positions.1,3,11,27,50 In particular, it must be acknowledged
that in situations involving prolonged sitting, the spine
may adapt to the lumbar roll in situ and time-related
changes may occur.
A further limitation of our study is that head tilt position with reference to the orientation of the base of the
skull or the occiput relative to the upper cervical segments24 was not taken into account when measuring
head and neck posture. Head tilt is known to remain
relatively constant across various sitting postures because of the need to maintain a visual target at eye level,24 and for this reason, the postural parameter of head
tilt was not included in our study. However, some researchers consider that both postural parameters of head
tilt and head and neck posture are independent of each
other and that both measures should be used to obtain a

more useful description of sagittal plane posture of the
head and neck region.51
The thoracic kyphosis is acknowledged as an important element to be considered in determining the maximum amount of sagittal head excursion able to be measured in an individual.34 One investigator estimated that
the T6 –T12 intervertebral joints may contribute up to
10% of the cervical spine movement.52 Given that postural alignment of the head in the sagittal plane is related
to the curvature of the upper thoracic spine,34 it is reasonable to suggest that the affect demonstrated on head
and neck posture associated with adjustment of the
backward tilt of the chair may be attributed to the influence of kyphosis of the upper thoracic spine.
The findings from our study have implications for ergonomics and clinical practice and challenge the common clinical assumption that use of a lumbar roll by
default will favorably alter head and neck posture. The
effect on head and neck posture demonstrated with the
large backrest angle reinforces the need for the clinician
to assess individual postural responses in sitting when
considering prescribing a lumbar roll for a patient to use.
The results also highlight the need to standardize the
details of the backrest and seatpan positions when undertaking postural assessment in the sitting position because of the potential for these variables to influence
head and neck position.
Previous studies have recorded CV angles ranging
from 39.0 ⫾ 8.9° to 48.2 ⫾ 3.2°.16,32,36,53 The majority
of these values were lower but covered a wider range
than the values recorded in this study. Thus, it may be
implied that standardizing the seating conditions including backrest inclination as this study did, is important for
accuracy of measurements when investigating head and
neck posture.
The issue of whether subtle changes in head and neck
postural angles are clinically meaningful has been raised
previously.54 It is not known whether the small but significant difference observed in this study is clinically relevant. However, subtle changes in chair position have
been shown to reduce abnormal spinal stress such as a
forward head posture and to be associated with higher
comfort ratings.18
The results of our study showed that reclining the
backrest of a chair from an angle of 90° to 110° results in
a more retracted head and neck posture for healthy subjects in the sitting position. This new information may
prove to be useful from an ergonomic perspective and
may be applied to facilitate improved head and neck
alignment in healthy individuals who have a tendency to
adopt a more forward head posture in sitting.
Clinically, patients are advised to use a lumbar roll in
the sitting position to maintain the lumbar lordosis as it
is purported to have a positive influence on head and
neck postural alignment.22 The results of this study indicate that the lumbar roll in situ had limited influence on
head and neck posture when the backrest of the chair
was in the more upright positions and that the back sup-
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port of the office chair needed to be posteriorly reclined
to at least an angle of 100° to have a positive influence on
head and neck alignment. There is little knowledge about
the influence associations between chair design and head
and neck posture may have on individuals presenting
with spinal pain. Although our study was undertaken on
healthy subjects the outcomes may be considered when
making adjustments to office chairs for individuals with
spinal pain.
It would also be valuable to investigate whether postural responses to ergonomic chair settings change with
age. It is well accepted that the NHP assumes a more
forward position with age, and thus, it may be that use of
a lumbar roll is less effective with increasing age or alternatively may improve head and neck alignment in accordance with the positional adjustment of the chair.
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Conclusion
The findings of our study have shown that the degree of
angulation of the backrest support of a chair is an important factor to be taken into account in healthy male
individuals when considering seating adjustments likely
to influence head and neck posture. In this experimental
situation, there was a tendency in the participants to
move their head and neck into a more retracted position
as the backrest of the office chair was reclined. The addition of the lumbar roll did not alter head and neck
posture significantly unless the backrest of the office
chair was positioned at 110°. Collectively, these results
serve to highlight the importance of assessing the adjustable features of an office chair when providing postural
advice on an individual’s head and neck posture.
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Significant incremental changes take place in
head and neck posture as the backrest of the office chair is reclined backward.
The addition of a lumbar roll to the office chair
results in a significant change in head and neck
posture when the backrest of the chair is reclined
to a position of 110°.
The combination of a lumbar roll and a posterior
inclination of the backrest are the 2 ergonomic
adjustments to an office chair most likely to favorably change head and neck posture in sitting
at least in asymptomatic subjects.
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