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ABSTRACT

Objective: Changes in posture are of concern because of their association with pain or impaired physical function.
Previous studies that have used computer-aided video motion analysis systems to measure posture have been
compromised by the use of problematic models of skin marker placement. This study aimed to quantify and compare
sagittal spinal posture in standing and sitting between young and older adults using a two-dimensional PEAK Motus
system and a revised skin marker model.

Methods: Twenty-four healthy young adults and 22 healthy older adults volunteered for this study. The angles of
the upper and lower cervical spine, thoracic spine, lumbar spine as well as the orientations of the head, neck, and pelvic
plane with respect to an external reference were measured in the standing and sitting positions.

Results: Compared to young adults, healthy older adults demonstrated a forward head posture, with increased lower
cervical spine flexion and increased upper cervical extension in both positions. Older adults also sat with significantly
increased thoracic kyphosis and decreased lumbar spine flexion.

Conclusion: The angular relationship between adjacent spinal regions in the sagittal plane can be objectively quantified
using image-based analysis. The concept that the anteroposterior tilt of the pelvis in standing dictates the lumbar

and thoracic curves was supported by the correlations between these adjacent regions in both age groups. The model
of skin marker placement used in this study can have a broader application as a clinical tool for image-based postural
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postural deviation can produce excessive stress on

the musculoskeletal system. As a result, a “forward

head” posture’? or an increased lumbar lordosis’ may be
associated with spinal pain. Increased thoracic kyphosis in
older adults can also lead to altered gait pattern,” reduced
physical function,” increased body sway, and risk of falls.®’
Sagittal standing posture is frequently assessed by
referencing body landmarks to an imaginary plumb line
passing through the mastoid process®; however, the visual
observation of spinal posture has not proven valid or

C hanges in posture are of concern to clinicians because

? Assistant Professor, Shu Zen College of Medicine and
Management, Kaohsiung County 802, Taiwan.

® Senior Lecturer, School of Physiotherapy, The University
of Melbourne, Parkville, Victoria 3010, Australia.

¢ Professor, School of Physiotherapy, The University of
Melbourne, Parkville, Victoria 3010, Australia.

This research was carried out as part of a PhD study by
Yi-Liang Kuo at the University of Melbourne.

Submit requests for reprints to: Elizabeth A. Tully, PhD,
Senior Lecturer, School of Physiotherapy, The University of
Melbourne, Parkville, Victoria 3010, Australia
(e-mail: e.tully@unimelb.edu.au).

Paper submitted July 6, 2008; in revised form October 17, 2008;
accepted January 4, 2009.

0161-4754/$36.00

Copyright © 2009 by National University of Health Sciences.

doi:10.1016/j.jmpt.2009.02.002

210

assessment. (J Manipulative Physiol Ther 2009;32:210-215)

reliable.”'® Changes in older adults in standing posture
have been reported in radiographic studies''™'*; however,
little is known about sitting posture in older adults. Although
radiographic methods are considered the “gold standard” for
measurement of skeletal alignment,'>' the risk of radiation
exposure limits its use for postural assessment. In contrast,
computer-aided video motion analysis systems track refer-
ence markers attached to the skin of relevant body segments
and provide noninvasive measurement of human movement
during functional tasks. These motion analysis systems have
been extensively used to investigate walking'”'®; however,
only a small number of studies have used these systems to
measure posture, and results have frequently been compro-
mised by the use of problematic models of skin marker
placement. For example, in two recent studies,'”*° pairs of
markers were mounted on large fin-shaped devices and
attached to the body surface. It has been noted in our
laboratory that although remaining attached to the skin at the
base, even lightweight devices of this type tend to droop
under their own weight. As the validity of the data obtained
from these markers depends on the device remaining parallel
to the upper/lower surface of specific vertebral bodies, any
loosening and/or tilting of the device will result in
measurement error. A pair of markers was also attached to
a headband, where the questionable consistency of position-
ing the headband among participants also provided a likely
source of measurement error.
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A 2-dimensional (2D) model that uses small spherical
2.5-cm-diameter markers attached directly to the skin has
been developed in our movement laboratory for measure-
ment of sagittal plane posture and movement. The aim of this
study was to quantify and compare sagittal spinal posture in
standing and sitting between healthy young and older adults
using a 2D video motion analysis system (PEAK Motus) and
our revised skin marker model.

METHODS

Participants

Twenty-four healthy young adults (15 women, 9 men;
age, 17-27 years; weight, 62.6 + 8.9 kg; height, 170.2 £ 9.1
cm; body mass index, 21.5 + 1.9 kg/m?) and 22 healthy older
adults (14 women, 8 men; age, 60-83 years; weight, 69.3 £
12.1 kg; height, 163.9 + 8.4 cm; body mass index, 25.8 £4.0
kg/m?) volunteered for this study by responding to
advertisements. Volunteers were screened to exclude those
with identifiable movement dysfunction, pain, and/or
pathology in the spine or lower extremities requiring
treatment during the preceding 6 months. The project had
ethics approval from the Human Research Ethics Committee
of the university, and informed consent was obtained from
each participant.

Model of Skin Marker Placement

Nine spherical reflective markers (B&L Engineering,
Tustin, CA) were attached to specific anatomic landmarks
of participants in standing position (Fig 1). For ease of
application, one face marker was attached to the center of
the flexible ear hook of a headphone piece (SHS3201/97,
Philips), whereas the other face marker was attached to the
midpoint between the right corner of the mouth and the
right nasal ala. Details for locating the other skin reference
markers have been reported previously.?'*? Good intrarater
reliability of skin marker placement was established in
standing (intraclass correlation coefficient 1,1 = 0.83-0.92).

Experimental Procedure

Participants wore dark-colored underwear during video
recording, with equipment setup and lighting as previously
described.?’ The right side of the participants was video-
taped as they stood with bare feet in a quiet erect position for
5 seconds. To ensure a consistent standing posture,
participants maintained their gaze straight ahead at a target
adjusted for body height and placed both hands lightly on a
stable anterior support at approximately waist level (shoulder
flexion, 30°-45°) as visually estimated by the investigator.
For sitting posture, participants sat on a backless and armless
chair with the seat level adjusted to the height of the
midlateral knee joint line. A standardized gaze and arm
position was also used in sitting, with participants resting
their hands on their thighs, fingertips touching knees.
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Fig 1. Marker placement and angle definition. Increasing head tilt
and neck slope angles indicate that the face is tilted upward and the
neck is inclined less forward. Increasing upper and lower cervical
spine angles indicate extension. A positive thoracic angle indicates
flexion, and a negative lumbar angle indicated extension. A
negative pelvic plane angle (S2-ASIS) indicated that the anterior
superior iliac spine (ASIS) moved below the horizontal plane.

Data Analysis

Figure 1 illustrates the angle definitions and calculation.
The location of each skin reference marker on the 5-second
videotaped images was automatically digitized at a
frequency of 50 samples per second using the 2D PEAK
software program. The x and y coordinates were converted to
angular data that were smoothed using a fourth-order
Butterworth (high cutoff) filter”> at an optimum cutoff
frequency determined by the software.”*

All data were analyzed using SPSS version 13.0 (SPSS,
Inc, Chicago, IL). Mean values and standard deviations (SD)
were calculated for all angles. To determine the group
difference in sagittal spinal angles, unpaired ¢ tests were
used. Pearson product moment correlation coefficients were
calculated to examine the correlation between sagittal spinal
angles in standing and sitting. The statistical significance
level was set at P <.05.

RESULTS

Significant differences were found in sagittal standing and
sitting postures between young and older participants
(Table 1). The pelvic plane and lumbar spine angles were
similar in both groups in standing position (P = .7). Older
participants had less lumbar flexion than young participants
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Table 1. Summary for sagittal angles of the spine and hip joint for the young (n = 24) and older (n = 22) groups in standing and sitting

Angles Young Old Difference t 95% CI

Standing
Head tilt —21.6+74 -16.2+8.9 —5.4 —2.26%* —-10.3 to —0.6
Neck slope 47.7+5.1 40.7+7.6 7.0 3.68 ** 3.1t0 10.8
Upper cervical 110.7 £7.1 123.1 £ 10.4 -12.4 —4.76 *** —17.6 to —7.1
Lower cervical 755+ 6.4 69.0+6.3 6.5 3.48 %% 2.8 t0 10.3
Thoracic 38.3+£82 428113 4.5 -1.57 -103to0 1.3
Lumbar -16.0 + 5.6 -152+93 —0.8 —0.34 -5.3103.8
Pelvic plane —5.0+3.7 -55+6.1 0.5 0.34 —2.5t03.5

Sitting
Head tilt -18.5+5.7 -13.5+5.9 5.0 —2.93 ** —8.5t0 1.6
Neck slope 47.1+5.8 39.9+6.0 7.2 4.14 *** 3.7 to 10.7
Upper cervical 1144 £8.3 126.6 +7.9 -12.2 —5.10 *¥** —17.0 to 7.4
Lower cervical 79.6 £ 6.8 704 +5.6 9.2 4,98 *** 55t0 12.9
Thoracic 333+8.1 402+ 11.2 —6.9 —241%* —12.6 to —1.1
Lumbar 153+£83 6.0 9.6 9.3 3.52%* 4.0 to 14.6
Pelvic plane 13.1+75 9.8 +74 33 1.50 -121t07.8

Values are mean + SD. CI, Confidence interval.
* P <.05.
** p<.0l.
Rk P <001,

in sitting position (P =.001), and although the younger group
had greater posterior pelvic tilt in sitting position, the mean
difference of 3.3° was not significant (P = .14). Similarly,
older participants presented with increased thoracic kyphosis
in both standing and sitting positions; however, these
between-group differences were only statistically significant
in sitting (P = .02) but not in standing position (P = .13).

In both standing and sitting positions, older participants
inclined their neck more forward with respect to the
horizontal than the young (standing, P = .001; sitting, P <
.001) and tilted their head more upward (standing, P = .03;
sitting, P = .005). Corresponding to the findings for neck
slope and head tilt, older participants had more flexion of
their lower cervical spine in both positions (standing, P =
.001; sitting, P <.001) and more extension of their upper
cervical spine (standing, P <.001; sitting, P <.001).

The sagittal spinal angles demonstrated a significant
chain of correlations during standing and sitting (Fig 2).
Increased anterior tilting of the pelvic plane was associated
with increased lumbar extension in both standing (r = 0.60,
P < .001) and sitting positions (» = 0.67, P < .001). In
standing, increased extension in the lumbar spine was
associated with increased thoracic flexion (» = —0.48, P =
.001), increased extension in the upper cervical spine (r =
0.32, P=.033), and increased forward neck slope (r=—-0.41,
P = .004). Similar to the correlations in standing, increased
thoracic flexion in sitting was also associated with increased
forward lean in the neck (» = —0.44, P = .002) and extension
in the upper cervical spine (» = 0.41, P =.004). However, the
thoracic curve did not directly correlate to that of the lumbar
spine in sitting (» = —0.15, P = .3).

In both standing and sitting positions (Fig 2), decreased
forward lean of the neck was associated with decreased
flexion in the lower cervical spine and increased flexion in

the upper cervical spine with downward tilt of the head.
However, the neck slope angle was not correlated with the
head tilt angle in either position (standing, » = 0.08, P = .6;
sitting, » = —0.18, P = .2).

DiscuUssioN

The pelvis is considered to be the base for the spine, and
its anteroposterior orientation affects the sagittal curves of
the spine. The “neutral” position of the pelvis in standing has
been defined as the posterior superior iliac spine (PSIS) and
anterior superior iliac spine being approximately in the
horizontal plane, a posture that produces the optimal degree
of lumbar lordosis.® Increased anterior pelvic tilt is said to
result in a larger lumbar lordosis and compensatory increases
in the thoracic and cervical curves above so that the head is
maintained above the feet. This interaction of adjacent
segments, based on pelvic orientation, is sometimes referred
to as a “bottom-up” postural adjustment. In this study, the
significant correlation observed between pelvic plane and
lumbar lordosis supports this concept, as does the correlation
between the sagittal lumbar and thoracic angles. However,
there was no direct correlation between the thoracic and
lower cervical spine angles. The thoracic spine and lower
cervical spine were correlated with each other through the
upper cervical spine. It is possible that this interruption of the
bottom-up correlation occurred because the head is respon-
sible for important senses such as vision and hearing and
induced a “top-down” adjustment. In other words, the
bottom-up and top-down interactions within the kinematic
chain of the spine may co-exist in static postures.

Similar correlations between the spinal regions have been
reported in radiographic studies; however, previous studies
did not include the cervical spine'*** or simply analyzed the
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Fig 2. The significant chain of correlations between the sagittal angles of spine and hip joint in standing (4) and sitting (B). Values are
Pearson product moment coefficients. * P <.05, ** P <.01, *** P <.001.

cervical spine as a whole.'” This study provides a more
complete picture of the angular interaction within the spine
in both standing and sitting postures.

Effect of Aging

Although increased thoracic kyphosis is the most notice-
able and commonly acknowledged postural change in older
adults, this study did not find any statistically significant
difference between the age groups in standing. This may be
explained by the similarity in the pelvic plane and lumbar
lordosis between groups in this position. It can be argued that
there was no requirement for the thoracic spine of the older
group to adjust in compensation to alteration in the
orientation of the pelvic base and lumbar posture. Another
explanation for this result is the sampling method used in this
study. Older adults with significantly increased thoracic
kyphosis may have had other health conditions,”*® which
prevented them volunteering for a study that targeted healthy
older adults, or significant musculoskeletal problems that
caused them to be excluded during the recruitment process.

Lack of a back support appears to have allowed
participants to adopt their natural slump posture when
seated, with older participants adopting a significantly
increased thoracic curvature and decreased lumbar flexion
posture. The difference in sitting lumbar spine posture may
be due to age-related stiffness in lumbar flexion found in
previous studies.””** The protruding abdomen in the elderly
may have also limited the available lumbar flexion in sitting.

The finding of decreased posterior pelvic tilt and lumbar
flexion in older adults may explain the difference in thoracic
kyphosis in sitting that was not found in the standing
position. On sitting down, as the lumbar spine flexed, the
thoracic spine assumed a more extended posture than in
standing in both groups. In the young, the flexed lumbar

spine was accompanied by more thoracic extension than in
the elderly. The lack of lumbar flexion in older adults may
have necessitated increased thoracic flexion to bring the
center of mass of the upper body sufficiently forward over
the seated base of support, that is, buttocks and thighs.

The relationship between aging and increased forward
incline of the neck relative to the horizontal as reported in the
literature® is supported by this study. However, measure-
ment of neck slope only indicates the position of the neck
segment in space, with the angle being influenced by the
position of the more caudal body segments. For example,
neck slope may be altered by bending the knees or leaning
the trunk forward from the hips. In this study, the results for
the lower cervical spine (neck-trunk angle) demonstrated
that the older participants truly had a forward head posture,
with an age-related change occurring in the lower cervical
spine. That the neck slope angle was similar to the lower
cervical angle in this study indicates that the participants
must have been sitting with a relatively erect/vertical trunk.

The finding of a relatively weak correlation (» = 0.4)
between the sagittal thoracic curve and neck slope in both
standing and sitting was at first surprising, as it had been
envisaged that an increase in thoracic kyphosis would be
accompanied by an increase in the forward lean of the neck
However, there was only a poor correlation between thoracic
kyphosis and lower cervical angle indicating that participants
with increased kyphosis increased their lower cervical
extension. The finding that the older group significantly
tilted their head upward more than the young group is
contrary to the conclusion of Raine and Twomey.*’
However, as with neck slope, the tilt of the head against an
external (vertical or horizontal) reference is affected by the
position of the more distal body segments. For this reason,
comparison of results for head tilt across studies is difficult.
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The head tilt angle is also affected by the reproducibility of
the head position. Although measurement of cervicothoracic
kyphosis has been found to be reliable,*® it appears more
difficult to achieve a reproducible head tilt despite the use of
a visual target to standardize gaze level.

In this study, the model of skin marker placement
permitted the separate measurement of upper and lower
cervical spine angles and provided supporting evidence for
the anecdotal relationship between these regions described in
the literature,*?°" that is, of forward head posture being
accompanied by a relatively more flexed lower cervical spine
and an extended upper cervical spine. It also showed that
measurement of the slope of a body segment with reference
to an external reference can only provide an accurate
measure of the true angle between segments if one of those
segments is either vertical or horizontal.

Clinical Implications

Clinicians need to be aware of the difference in sitting
posture between young and older adults. The use of a lumbar
support to increase lumbar lordosis in sitting has been
recommended to prevent or alleviate low back pain’®
however, a lumbar support may not be appropriate for older
adults who already sit with a relatively extended lumbar
spine. Similarly, in a rehabilitation or elderly care setting, a
specific contour of chair may be ordered for older adults.
Failure to appreciate the age-related difference in sitting
posture may lead to faulty decision making in these instances.

The tendency for young adults to sit with a more flexed
lumbar spine, particularly for an extended period, may have
implications for potential damage to spinal structures.****
Two recent studies of slump sitting®® found decreased
activity of deep trunk muscles that stabilize the intervertebral
joints. The authors hypothesized that habitually adopting a
slump sitting posture may decondition these deep trunk
muscles and possibly affect stability of the lumbopelvic
region, thereby increasing risk of injury and low back pain.
However, young adults are likely have more range of motion,
and although their lumbar sitting posture was substantially
more flexed than the elderly, the lumbar spine may not have
been at the limit of range. Therefore, the effect of the flexed
lumbar sitting posture seen in young adults is unclear.

The finding that the use of a video motion analysis system
with skin reference markers reflects the positional correlation
between the sagittal spinal angles, which were previously
shown in radiographic studies, supports this noninvasive
measurement. Although some studies found that measure-
ment of surface curvature with skin reference markers did not
accurately reflect radiographic measurement of cervical spine
alignment,”’~* this method allows noninvasive and reliable
measurement of sagittal spinal curves, particularly in the
thoracic region where there are fewer soft tissues overlying
the spinous processes.>”

In addition, the model of skin marker placement used in
this study has a broader application in clinical practice. Skin
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reference markers can be quickly attached to the patient, and
the sagittal images of standing and sitting postures photo-
graphed with a digital camera. A similar model of angle
calculation can be used with freely downloadable image
analysis software, for example, ImageJ,*° to obtain the curve
values from the digital images. This approach offers an easy
and noninvasive method to objectively document the relative
position of body segments.

CONCLUSION

The study showed that the angular relationship between
adjacent spinal regions in the sagittal plane can be
objectively measured using image-based analysis. Age-
related changes in the sagittal spinal posture in standing
and sitting were quantified. The concept that the anteropos-
terior tilt of the pelvis in standing dictates the lumbar and
thoracic curves was supported by the correlations between
these adjacent regions in both age groups. The model of skin
marker placement used in this study can have a broader
application as a clinical tool for postural assessment.

Practical Applications

® The angular relationship between adjacent spinal
regions in the sagittal plane can be objectively
quantified using image-based analysis.

® The concept that the anteroposterior tilt of the pelvis
in standing dictates the lumbar and thoracic curves
was supported by the correlations between these
adjacent regions in both age groups.

® Older adults demonstrated a more forward head
posture, with increased lower cervical flexion and
upper cervical extension in both standing and
sitting.

® The posture of the elderly in sitting was different,
with decreased lumbar flexion and increased
thoracic flexion.

® Despite the potential effects of aging, older adults in
this study maintained lumbar and thoracic postures
similar to the young in standing.

REFERENICES

1. Watson DH, Trott PH. Cervical headache: an investigation of
natural head posture and upper cervical flexor muscle
performance. Cephalalgia 1993;13:272-84.

2. Greigel-Morris P, Larson K, Mueller-Klaus K, et al. Incidence
of common postural abnormalities in the cervical, shoulder, and
thoracic regions and their association with pain in two age
groups of healthy subjects. Phys Ther 1992;72:425-31.

3. Evcik D, Yucel A. Lumbar lordosis in acute and chronic low
back pain patients. Rheumatol Int 2003;23:163-5.



Journal of Manipulative and Physiological Therapeutics
Volume 32, Number 3

4.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hirose D, Ishida K, Nagano Y, et al. Posture of the trunk in the
sagittal plane is associated with gait in community-dwelling
elderly population. Clin Biomech 2004;19:57-63.

. Kado DM, Huang MH, Barrett-Connor E, et al. Hyperkyphotic

posture and poor physical functional ability in older commu-
nity-dwelling men and women: the Rancho Bernardo study.
J Gerontol A Biol Sci Med Sci 2005;60:633-7.

. O’Brien K, Culham E, Pickles B. Balance and skeletal

alignment in a group of elderly female fallers and nonfallers.
J Gerontol A Biol Sci Med Sci 1997;52A:B221-6.

. Sinaki M, Brey RH, Hughes CA, et al. Balance disorder and

increased risk of falls in osteoporosis and kyphosis: signifi-
cance of kyphotic posture and muscle strength. Ostroporos Int
2005;16:1004-10.

. Kendall F, McCreary E. Muscles: testing and function. 3rd ed.

Baltimore (Md): Williams & Wilkins; 1983.

. Bryan JM, Mosner E, Shippee R, et al. Investigation of the

validity of postural evaluation skills in assessing lumbar
lordosis using photographs of clothed subjects. J Orthop Sports
Phys Ther 1990;12:24-9.

Fedorak C, Ashworth N, Marshall J, et al. Reliability of the
visual assessment of cervical and lumbar lordosis: how good
are we? Spine 2003;28:1857-9.

. Boyle JJW, Milne N, Singer KP. Influence of age on

cervicothoracic spinal curvature: an ex vivo radiographic
survey. Clin Biomech 2002;17:361-7.

Fon GT, Pitt MJ, Thies AC. Thoracic kyphosis: range in normal
subjects. AJR Am J Roentgenol 1980;134:979-83.

Loebl WY. Measurement of spinal posture and range of spinal
movement. Rheumatology 1967;9:103-10.

Vialle R, Levassor N, Rillardon L, et al. Radiographic
analysis of the sagittal alignment and balance of the spine
in asymptomatic subjects. J Bone Joint Surg 2005;87A:
260-7.

Berthonnaud E, Dimnet JS, Roussouly P, et al. Analysis of the
sagittal balance of the spine and pelvis using shape and
orientation parameters. J Spinal Disord Tech 2005;18:40-7.
Vedantam R, Lenke LG, Keeney JA, et al. Comparison of
standing sagittal spinal alignment in asymptomatic adolescents
and adults. Spine 1998;23:211-5.

Crosbie J, Vachalathiti R, Smith R. Patterns of spinal motion
during walking. Gait Posture 1997;5:6-12.

Krebs DE, Wong D, Jevsevar D, et al. Trunk kinematics during
locomotor activities. Phys Ther 1992;72:505-14.

Dunk NM, Chung YY, Compton DS, et al. The reliability of
quantifying upright standing postures as a baseline diagnostic
clinical tool. J Manipulative Physiol Ther 2004;27:91-6.
Dunk NM, Lalonde J, Callaghan JP. Implications for the use
of postural analysis as a clinical diagnostic tool: reliability
of quantifying upright standing spinal postures from
photographic images. J Manipulative Physiol Ther 2005;
28:386-92.

Kuo Y-L, Tully EA, Galea MP. Skin movement errors in
measurement of sagittal lumbar and hip angles in young and
elderly subjects. Gait Posture 2008;27:264-70.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kuo, Tully and Galea
Effect of Age Sagittal Spinal Posture

Tully EA, Fotoohabadi MR, Galea MP. Sagittal spine and lower
limb movement during sit-to-stand in healthy young subjects.
Gait Posture 2005;22:338-45.

Winter DA. Biomechanics and motor control of human
movement. 3rd ed. New Jersey: John Wiley & Sons; 2005.
p. 13-57.

Jackson K. Fitting of mathematical functions to biomechanical
data. IEEE Trans Biomed Eng 1979;26:122-4.

Boulay C, Tardieu C, Hecquet J, et al. Sagittal alignment of
spine and pelvis regulated by pelvic incidence: standard values
and prediction of lordosis. Eur Spine J 2006;15:415-22.

Ryan PJ, Blake G, Herd R, et al. A clinical profile of back pain
and disability in patients with spinal osteoporosis. Bone 1994;
15:27-30.

McGill SM, Yingling VR, Peach JP. Three-dimensional
kinematics and trunk muscle myoelectric activity in the elderly
spine—a database compared to young people. Clin Biomech
1999;14:389-95.

McGregor AH, McCarthy ID, Hughes SP. Motion character-
istics of the lumbar spine in the normal population. Spine 1995;
20:2421-8.

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

Refshauge K, Goodsell M, Lee M. Consistency of cervical and
cervicothoracic posture in standing. Aust J Physiother 1994;40:
235-40.

Rocabado M. Arthrokinematics of the temporomandibular
joint. Dent Clin North Am 1983;27:573-94.

Lord MJ, Small JM, Dinsay JM, et al. Lumbar lordosis: effects
of sitting and standing. Spine 1997;22:2571-4.

Adams MA, McNally DS, Chinn H, et al. Posture and the
compressive strength of the lumbar spine. Clin Biomech 1994;
9:5-14.

Hedman TP, Fernie GR. Mechanical response of the lumbar
spine to seated postural loads. Spine 1997;22:734-43.
O’Sullivan PB, Dankaerts W, Burnett AF, et al. Effect of
different upright sitting postures on spinal-pelvic curvature and
trunk muscle activation in a pain-free population. Spine 2006;
31:E707-12.

O’Sullivan PB, Grahamslaw KM, Ther MM, et al. The effect of
different standing and sitting postures on trunk muscle activity
in a pain-free population. Spine 2002;27:1238-44.

Johnson GM. The correlation between surface measurement of
head and neck posture and the anatomic position of the upper
cervical vertebrae. Spine 1998;23:921-7.

Refshauge KM, Goodsell M, Lee M. The relationship between
surface contour and vertebral body measures of upper spine
curvature. Spine 1994;19:2180-5.

Bryant JT, Reid JG, Smith BL, et al. Method for determining
vertebral body positions in the sagittal plane using skin
markers. Spine 1989;14:258-65.

Rasband WS. Image J [U. S. National Institutes of Health],
1997-2007. Available from: http://rsb.info.nih.gov/ij/ [Accessed
27 November, 2007].

215


http://rsb.info.nih.gov/ij/

	Video Analysis of Sagittal Spinal Posture in Healthy Young and Older Adults
	Methods
	Participants
	Model of Skin Marker Placement
	Experimental Procedure
	Data Analysis

	Results
	Discussion
	Effect of Aging
	Clinical Implications

	Conclusion
	References




