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Context: Motion in the lumbar spine during certain physical
activities may exceed tissue homeostasis, leading to low back
pain. Previous authors have assessed sagittal motion of the
lumbar spine during walking; however, limited attention has
been focused on changes in spine position with walking or run-
ning on different surface gradients.

Objective: To investigate lumbar spine sagittal position dur-
ing standing, walking, and running on level, uphill, and downhill
surfaces.

Design: Three by three and 2 X 3 (activity by gradient) with-
in-subjects design with repeated measures on both factors.

Setting: Motion analysis laboratory.

Patients or Other Participants: Twenty healthy women (age
= 23.4 = 2.2 years, height = 141.5 = 7.5 cm, mass = 60.5 =
5.9 kg) with no history of low back pain or surgery or lower
extremity impairments or surgery.

Intervention(s): Subjects stood motionless, walked at 1.3

m/s, and ran at 2.9 m/s on a treadmill under 3 conditions: level,
uphill at 5°, and downhill at 5°.

Main Outcome Measure(s): We measured lumbar spine po-
sition and total lumbar range of motion in the sagittal plane
using an infrared motion analysis system, with markers affixed
to the skin over the sacrum and thoracolumbar junction.

Results: The average lumbar spine position, for both walking
and running, was smallest uphill and greatest downhill. On all
3 gradients, the sagittal range of motion (flexion-extension) was
greater when running than when walking.

Conclusions: For each of the surface gradients, the average
lumbar spine position was greatest during standing, at an in-
termediate value during running, and smallest during walking.
Changes in lumbar spine position corresponding to different ac-
tivities and different surface gradients are important consider-
ations when rehabilitating patients with lumbar spine conditions.
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Key Points

» Total lumbar spine range of motion was greater during running than walking.
 Total lumbar spine range of motion was greater during running and walking downhill than during walking uphill or on a

» Changes in lumbar spine motion as a function of gradient and activity must be considered in those with low back pain.

back during physical activity has prompted authors to

perform numerous biomechanical studies.!~® The gross
movement of the hips and trunk tell us little about the artho-
kinematics of the pelvis and lumbar vertebrae. Common ac-
tivities such as walking and running, particularly on different
surface gradients, may produce motion that exceeds tissue ho-
meostasis, thereby placing these structures at risk for injury or
reinjury. Lumbar spine position during normal walking and
running on a level surface has been previously examined in
several studies.'~¢ Crosbie et al' studied patterns of spinal mo-
tion during walking and described the pelvic motion that oc-
curs as the lower limb is advanced. They suggested that move-
ment of the pelvis enhances the ability of the body weight to
be transferred from one lower extremity to the other during
normal walking. They also found that movements of the spinal
segments tended to complement movements of the pelvis (ie,
maximum flexion of the lumbar spine occurs at initial foot
contact, with the pelvis in a posterior tilt). During the loading
response, lumbar extension occurs, accompanied by an ante-
rior pelvic tilt, indicating that the spinal segments move in

The need to understand the demands placed on the low

response to the motion of the lower limbs.! In contrast, Rowe
and White® noted that minimum rather than maximum flexion
of the lumbar spine occurred at initial contact and that flexion
increased early in the single-support phase of the gait cycle.
Such discrepancies are to be expected because Whittle and
Levine* found considerable variability in the lumbar spine po-
sition among subjects during the gait cycle.

The effects of altered walking speed on spinal motion have
been reported in general terms by Crosbie et al,” who found that
increases in the range of lumbar flexion-extension and other spi-
nal motions occurred with increases in walking speed. Crosbie
et al' stated that the lumbar and lower thoracic spinal regions
need to produce compensatory motions to keep the trunk in neu-
tral alignment with respect to the ground in order to avoid an
abnormal gait. Because increased walking speed is usually ac-
companied by increased step length,” we could assume that as
an individual runs, greater compensatory motion of the spinal
segments would be necessary as step length and speed increase.
However, Novacheck® reported very little increased motion of
the pelvis in the sagittal plane with faster velocities.

Whittle and Levine* examined the 3-dimensional move-
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ments of the lumbar spine, pelvis, and hip in walking, and
Schache et al® studied similar factors during running. These
authors documented the normal kinematic patterns between the
pelvis and lumbar spine during walking and running. Schache
et al'® also compared over-ground and treadmill running and
found that treadmill running adequately represented the typical
running pattern with respect to pelvic and spinal motion.
Low back pain (LBP) in runners has not received much
attention, possibly because of its relatively low incidence. In
a number of surveys,''=13 LBP accounted for 5% to 19% of
running injuries. Koplan et al'! reported an incidence of back
pain of 8% and 9% in male and female runners, respectively,
in a large cohort (n = 535). Spinal symptoms related to run-
ning occur most commonly in runners between 30 and 50
years of age and often are the result of an underlying degen-
erative process, the lumbar region being the most commonly
affected.!* Low back pain has also been attributed to excessive
lumbar spine position, muscular imbalances, leg-length differ-
ences, and excessive pronation,!5 although the relationship be-
tween LBP and these variables remains controversial.
Guten!¢ reported an association between running and ex-
aggerated lumbar mobility, as well as postural changes such
as the development of lumbar spine lordosis with hip exten-
sion. This increased mobility may be advantageous in running,
because with every step, the spine must move from a flat po-
sition to the lordotic position.!#1¢ In addition, flexibility of the
lumbar spine enhances its shock-absorbing ability,'” which is
important because as the speed of gait increases, the magnitude
of the vertical force increases up to about 275% of body
weight.!8 Cappozzo!? reported that the total axial load on the
lumbar spine during running is more than 3 times the weight
of the upper body above the fifth lumbar segment.
Alexander!d suggested that the lumbar spine is responsible
for supporting the entire body weight above the pelvis and
that the force is greatest at the lumbosacral junction. Here, the
natural lordotic curve causes much of the vertical compressive
force of the body weight to become shear force, which in-
creases the load on the intervertebral discs. In line with Al-
exander’s description of shear force occurring at the lumbo-
sacral junction, Guten'® portrayed the leg as a lever arm and
the lumbar spine as the fulcrum in running; thus, force is trans-
mitted horizontally. Running may also lead to LBP problems
because of an exaggerated lumbar spine position due to hip
extension and long stride length.!>-1¢ Shorter runners may be
at greater risk for injury because they tend to have relatively
longer strides.!>16 Guten!® attributed the backward thrust of
the leg during running to strong lumbar muscles tilting the
pelvis. As the pelvis tilts forward maximally, lumbar spine
extension also increases to a maximum.20-21
Although several authors have reported sagittal motion of
the lumbar spine during walking, change in lumbar spine po-
sition during standing, walking, and running on different
grades has received little attention. Therefore, our purpose was
to measure lumbar spine position in the sagittal plane during
standing, walking, and running on level, uphill, and downbhill
surfaces. Understanding the amount of motion through which
the spine moves will help us to develop return-to-activity pro-
tocols and prevent injury based on how much motion is de-
sirable and which lumbar position(s) the athlete should avoid.
Our hypothesis was that lumbar spine position would decrease
during uphill walking and running, as compared with level-
surface lumbar spine position, and that the opposite would
occur when the runner is walking and running downhill. We
also hypothesized that a greater range of lumbar spine motion

Figure 1. Rigs used to make measurements. The sacral rig has one
marker over S2 (SACR) and one on a wand (SACW). The thoracic
rig has markers to the left (THML) and right (THMR) of the T12
spinous process and one marker on a wand (THMW).

would occur during running, as compared with walking, on
the same gradient.

METHODS

Subjects

Because of the well-known sex differences in pelvic struc-
ture, we decided to conduct the present study on a single sex.
We selected 20 women (age = 23.4 £ 2.2 years, height =
141.5 £ 7.5 cm, mass = 60.5 £ 5.9 kg) to participate in this
study. The subjects were all volunteers from the general stu-
dent population at the university who signed informed consent
forms. All subjects were recreational runners (averaging 15.1
mile/wk [24.3 km/wk]) and met the following inclusion cri-
teria: they (1) were in good health, (2) had no history of LBP
or surgery, and (3) had no history of lower extremity impair-
ments or surgery. Our study was approved by the university’s
institutional review board.

Instrumentation

We quantified lumbar position using a 3-dimensional kine-
matic system (Vicon; Oxford Metrics Ltd, Oxford, UK).* Re-
liability of the kinematic system has been established for mea-
surement of both pelvic tilt and lumbar spine position.?!-22 Six
infrared-sensitive, 50-Hz cameras with infrared strobes were
located around the measurement area. Four 25-mm-—diameter
spherical retroreflective markers were affixed to the subjects’
skin with double-sided adhesive tape?? over both anterior su-
perior iliac spines and both lateral malleoli. We also affixed 2
measurement rigs to the skin, one over the sacrum and one
over the upper lumbar spine. Each consisted of a flat plastic
base plate covering 2 spinal levels (Figure 1).2! The sacral rig
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Figure 2. Lumbar spine position is defined as the angle in the sag-
ittal plane between the skin surface over the T12 spinous process
and the sacrum at S2.

consisted of one marker midway between the posterior supe-
rior iliac spines at S2 and one marker on the end of a 100-
mm aluminum wand extending inferiorly and posteriorly from
the plate’s center.2!-22 The thoracic rig consisted of 2 markers,
one on each side of the spinous process of T12 and a third
marker on the end of a 100-mm wand pointing posteriorly and
superiorly.2!-22 The wands were attached to the rigs at a fixed
angle.

For each rig, we conducted a static trial in which the angle
was measured between the base plate surface and the line join-
ing the markers on the rig (the thoracic and sacral wand an-
gles).2! This measurement was achieved by performing data
capture with the rigs on a horizontal surface, skin surface
down, in the same relative positions they would occupy when
placed on the subjects. The thoracic and sacral wand angles
were used to compute the orientation of the skin surfaces be-
neath the thoracic and sacral rigs during the walking and run-
ning trials.2! We defined the lumbar spine position as the dif-
ference in the sagittal plane between the angles of the skin
surfaces in the thoracic and sacral areas, as described by Le-
vine and Whittle (Figure 2).2! The markers on the lateral mal-
leoli were used for identifying events in the gait cycle but were
not required to collect data on pelvic or lumbar movement.
We used a computer software program (RData2; Motion Lab
Systems, Baton Rouge, LA) to extract 3-dimensional coordi-
nates from the kinematic system data files for transfer to a
spreadsheet (Excel version 2003; Microsoft Corp, Redmond,
WA). Calculation of the lumbar spine position in the sagittal
plane was performed using the method of Whittle and Levine,*
as later modified by Whittle.?3

Procedures

The subjects wore either a 2-piece bathing suit or shorts and
a sports bra, thereby exposing the necessary bony landmarks,

and they wore shoes suitable for running. We conducted stand-
ing, walking, and running trials on a treadmill at 3 gradients:
level, 5° uphill, and 5° downhill, as measured using an incli-
nometer. Data collection was initiated 60 seconds or more after
the start of activity; the subjects were unaware that data col-
lection had begun. We collected 1 trial at each speed with
multiple gait cycles. Data on 4 complete gait cycles in each
combination of speed and gradient were collected for each
trial. Treadmill speed was set at 1.3 m/s (2.9 mph) in the walk-
ing trials and at 2.9 m/s (6.5 mph) in the running trials. Sub-
jects walked or ran between 90 and 120 seconds per trial.
Between trials, subjects were permitted to relax and walk
around the room for 1 minute.

Statistical Analysis

We averaged 4 gait cycles under each condition for analysis
on each subject. Mean lumbar spine position and total lumbar
range of motion (ROM) (motion between maximum flexion
and maximum extension) were measured during 3 activities
on 3 gradients. Our data were analyzed by computing separate,
repeated-measures analysis of variance (ANOVA) procedures.
Specifically, 3 X 3 (activity X gradient) and 2 X 3 (activity
X gradient) repeated-measures ANOVAs were calculated for
the mean lumbar spine position and the mean lumbar ROM,
respectively. The standing condition was not utilized for the
ROM analysis, thereby warranting a 2 X 3 ANOVA (2 activ-
ities, 3 grades) for lumbar ROM. A significant activity X gra-
dient interaction effect was interpreted as evidence of a sig-
nificant difference in the amount of lumbar position change
caused by a given combination of activity type and surface
gradient. We used the Bonferroni correction?* for multiple
comparisons to adjust the chosen alpha level of .05 for the 2
activity X gradient analyses, which established .025 as the
adjusted alpha level for determination of statistical signifi-
cance. The Mauchley test?* was performed to ensure that the
ANOVA assumption of homogeneity of variance was not vi-
olated for the evaluation of the activity X gradient interaction
effect. We also used pairwise comparisons for follow-up anal-
yses to identify specific significant differences among the con-
ditions. All statistical analyses were performed with SPSS
software (version 11.5; SPSS Inc, Chicago, IL).

RESULTS

Mean lumbar spine position and total lumbar ROM when
standing, walking, and running on all 3 gradients (level, uphill,
and downhill) are illustrated in Figure 3. Table 1 includes the
means and SDs for lumbar spine position (standing, walking,
and running) and for the total lumbar ROM (walking and run-
ning). Because the assumption of compound symmetry was
not met, we report univariate results with a Geisser-Green-
house epsilon correction.?* Mean lumbar position showed a
significant activity X gradient interaction (F, 303430 = 14.873,
P < .001). The power to reject the null hypothesis of no in-
teraction effect for mean lumbar position was exceptionally
strong (1 — B = 1.00), and the proportion of total variance
attributable to the activity X gradient interaction effect was
large (n? = .498). Tables 2 and 3 report the pairwise activity
and gradient comparisons for mean lumbar position and total
ROM, respectively. The gradients are pooled for pairwise
comparisons for activity, and the activities are pooled for pair-
wise comparisons for gradient. For each of the 3 gradients,
our findings indicate that lumbar spine position was greater
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Figure 3. Range-of-motion and mean values across gait cycle for lumbar spine position during standing, walking, and running on
downhill, level, and uphill surfaces. A larger angle represents extension of the lumbar spine. The upper and lower margins of each box
represent the maximum and minimum values, and the line across the box indicates the mean.

Table 1. Lumbar Spine Position and Total Lumbar Range of Motion When Standing, Walking, and Running on Each Gradient (°)
Standing Walking Running
Gradient Mean (SD) Mean (SD) Range Mean (SD) Range
Downhill 33.70 (7.19) 27.92 (7.47) 5.73 to 11.51 29.84 (8.26) 8.87 to 33.29
Level 33.60 (6.66) 24.81 (7.13) 4.30 to 8.84 26.44 (6.77) 10.95 to 21.45
Uphill 34.99 (8.15) 21.64 (7.98) 4.37 t0 8.43 22.32 (6.39) 11.23 to 24.41

Table 2. Pairwise Comparisons for Mean Lumbar Spine Position

Activity Gradient
Comparison P Value Comparison P Value
Stand*  Walk .000 Level Uphill* .014
Walk Run .350 Uphill* Downbhill .000
Run Stand* .000 Downhill*  Level .020

*Indicates the significantly greater value of the pair based on Bonferroni
adjustment at the .025 level.

Table 3. Pairwise Comparisons for Total Lumbar Range of
Motion

Activity Comparison P Value  Gradient Comparison P Value
Walk Run* .000 Level Uphill .220
Uphill Downbhill 176
Downhill Level .018

*Indicates the significantly greater value of the pair based on Bonferroni
adjustment at the .025 level.

while standing than during either walking or running and was
greater while running than while walking (Tables 1 and 2;
Figure 3). Standing lumbar spine position (Table 1; Figure 3)
was not significantly affected by the gradient. However, for
both walking and running, we found statistically significant
differences between each pair of gradients, lumbar spine po-
sition being greatest downhill and smallest uphill.

Total lumbar ROM demonstrated no significant activity X

gradient interaction (Fj 43,713 = 0.494, P = .553). We found
a significant main effect for activity (F; ;o = 86.562, P <
.001) and for gradient (F; 345554 = 6.294, P = .012). A large
proportion of total variance was attributable to the type of
activity (m?> = .82), and a much smaller proportion of total
variance was attributable to the surface gradient (m? = .113).
The total lumbar ROM during the gait cycle (Table 1; Figure
3) was significantly greater (P < .001) when the subject was
running than when she was walking for all 3 gradients. The
total lumbar ROM showed no significant difference between
the level and uphill gradients but was significantly greater for
both walking and running downhill than for level or uphill
gradients (Table 1; Figure 3). Figure 4 shows the average pat-
tern of lumbar spine position across the gait cycle for walking
and running on a level surface. The curves for downhill and
uphill walking and running were similar to those for level
walking but displaced 3° to 4° in the direction of increased
lumbar spine position (downhill) and decreased lumbar spine
position (uphill). Furthermore, we found that the minimum and
maximum values tended to occur at similar points in the gait
cycles as in previous studies.*7-9-22

DISCUSSION

Although past researchers stated that increased lumbar mo-
bility associated with running is advantageous and that flexi-
bility of the lumbar spine enhances its shock-absorbing abili-
ty,!+10.17 excessive increases and decreases in lumbar spine
position have the potential to be detrimental to the spine. We
demonstrated that uphill walking and running produced an
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Figure 4. Lumbar spine position while subjects were walking (solid line) and running (dashed line) on a level surface based on average
values for all subjects. A larger angle represents extension of the lumbar spine.

overall decrease in lumbar spine position and that downbhill
walking and running produced an overall increase. The lumbar
spine position and total lumbar ROM values found in this
study are similar to the values previously reported on healthy
nonrunners.2! The mean lumbar angles when subjects were
walking and running downhill were significantly greater than
when subjects were walking and running under level or uphill
conditions (Table 1; Figure 3). This indicates that the angle of
the pelvis adapts to the uphill or downhill gradient of the sur-
face on which one is running. This would be expected if the
pelvis follows the orientation of the lower extremities, which
are adapted to a sloping surface. The greater lumbar angles
may also be partially explained by positional changes superior
to the lumbar spine (eg, head, extremity, thorax postures) and/
or in combination with changes in pelvic and lower extremity
position.

Pairwise comparisons for lumbar spine position demonstrat-
ed statistically significant differences among all gradient pairs
for both walking and running. This indicates a predictable
change in lumbar spine position among level, uphill, and
downhill conditions for walking and running. Walking and
running, however, were not significantly different, with run-
ning producing marginally greater angles than walking (Tables
1 and 2), which is consistent with Novacheck’s® finding of
little increased motion in the lumbar spine in the sagittal plane
with faster velocities. This result may indicate that any poten-
tially adverse effect from one activity may be attributable to
other factors, such as flight, cadence, lower extremity position,
or step length.!5-16

For total lumbar ROM, we found that running produced a
significantly greater excursion than walking (Table 1) and that
downhill running used significantly more total lumbar motion
than uphill or level conditions (P < .05) (Table 3). Our results
support those of Crosbie et al,” who found that increases in
the range of lumbar flexion-extension and other spinal motions
occurred with increases in walking speed. For all surface gra-
dients, the range of lordotic excursion was significantly greater
in running than in walking (Table 1). This increase in lordotic
excursion in running was expected, because the combination
of a backward thrust of the leg and anterior tilting of the pelvis
increases lumbar spine position.!®20 The greatest range of

lumbar spine position for walking trials occurred during down-
hill conditions; this range was significantly greater (P < .001)
than for level or uphill conditions (Table 1). Similar results
were found in the running trials. Recently, Gottschall and
Kram?3 investigated ground reaction forces during downhill
and uphill running in 5 male and 5 female subjects. The sub-
jects ran at 3 m/s on a treadmill at level condition and at
gradients of 3°, 6°, and 9°. Downhill running significantly in-
creased impact force peaks compared with level running. The
increase in lumbar spine motion we found during downbhill
running may be advantageous in dissipating the added ground
reaction forces associated with downhill running. The anterior
convexity and mobility!? of the lumbar spine serve to cushion
compressive forces along with the intervertebral discs.2® Be-
cause a relationship between lumbar lordosis and LBP has not
been clearly established?® and because the incidence of LBP
in runners in relatively low, perhaps the increase in lumbar
spine motion found with downbhill running in our subjects has
a protective role.

Clinical Relevance

In this study, we have demonstrated that alterations in the
lumbar spine occur depending on the gradient of the running
surface and could be a source of LBP during running. Specif-
ically, our findings demonstrated a link between gradient and
lumbar position in our sample of healthy female participants.
This linkage may be related to pain, although the evidence
from this study does not directly support this relationship.
Therefore, if excessive lordosis is a concern, we recommend
against prolonged standing (versus walking or running) and
prolonged downhill walking or running (level or uphill may
be easier). Finally, if excessive lordosis or lumbar ROM is a
concern, we recommend avoiding running (walking is easier).
Runners who have been diagnosed with a condition made
worse by increased lumbar lordosis (eg, spondylolysis, spond-
ylolisthesis, spinal stenosis, or foraminal stenosis)?’ may want
to avoid excessive downhill running. Conversely, individuals
with disc conditions, such as a herniated nucleus pulposus,
may benefit from avoiding excessive uphill running or hill
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workouts, simply because of the changes in lumbar spine po-
sition that may theoretically exacerbate symptoms. Although
this link needs to be investigated more extensively, clinicians
should consider the implications of the biomechanics of uphill
and downhill running when working with athletes. For ex-
ample, a football lineman diagnosed with spondylolisthesis
may note an increase in his symptoms with hill workouts.
Flexibility and muscle tightness, as well as muscle imbalances,
may also play roles in the exercise and training prescription.
An athlete with tight hip flexors may run with a greater lumbar
position, especially during downhill running. This may add
excessive shear stresses to the lumbosacral region. Therefore,
clinicians should pay close attention to muscle flexibility and
muscle imbalances, particularly in the hip, pelvis, and lumbar
region, when examining runners with LBP. Another interesting
finding was that the maximum amount of lumbar position was
in standing, and walking and running in all 3 conditions de-
creased the lumbar curve. This result may also have implica-
tions for exercise prescriptions.

Summary

Further study is warranted to improve our understanding of
lumbar spinal motion during walking and running. We fully
expected to see significant differences in lumbar spine position
among conditions (level, uphill, and downhill) in walking and
running trials, as well as between walking and running trials
conducted under the same condition. Although the overall pat-
tern was consistent with our expectations (Figure 3), we did
not find significant differences among all conditions. This re-
sult appeared to be due to an unexpectedly high variability
among subjects. This variability should be investigated in fu-
ture studies to determine how much of the variance can be
explained by individual strategies. The uphill and downbhill
conditions were conducted at +5° and —5° grades, respec-
tively. Greater differences may be found if higher grades are
used in future research, although we chose 5° as a reasonable
grade for persons to run without overexertion. Future authors
should investigate the kinematics of the thoracic spine, hip,
and knee, as well as frontal-plane and transverse-plane kine-
matics, during various conditions of running in both sexes. In
addition, an intervention study designed to change the lumbar
spine posture and measure the resultant effect on lumbar spine
position and total lumbar ROM would also be of interest.
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