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Modification of a movement pattern can be beneficial in decreasing low back pain (LBP) symptoms. There is variability, however,
in how well people are able to modify performance of a movement. What has not been identified is the factors that may affect a
person’s ability to modify performance of a movement. We examined factors related to performance of active hip lateral rotation
(HLR) following standardized instructions in people with and people without LBP. Data were collected during performance of HLR
under 3 conditions: passive, active, and active instructed. In people with LBP, motion demonstrated during the passive condition
(𝑟 = 0.873, 𝑃 < 0.001), motion demonstrated during the active condition (𝑟 = 0.654, 𝑃 = 0.008), and gender (𝑟 = 0.570, 𝑃 = 0.027)
were related to motion demonstrated during the active-instructed condition. Motion demonstrated during the passive condition
explained 76% (𝑃 < 0.001) of the variance in motion demonstrated during the active-instructed condition. A similar relationship
did not exist in people without LBP.The findings of the study suggest that itmay be important to assessmotion demonstrated during
passive HLR to determine how difficult it will be for someone with LBP to modify the performance of HLR. Prognosis should be
worst for those who display similar movement patterns during passive HLR and active-instructed HLR.

1. Introduction

Low back pain (LBP) is a highly prevalent, very costly, and
extremely complex condition [1, 2]. Consistent with the view
that LBP is multifactorial in nature, researchers have studied
relationships between LBP and many potentially relevant
factors in many domains [1, 2]. Yet, LBP continues to be a
leading cause of activity limitation [1, 2]. Clearly, key factors
contributing to LBP remain to be identified.

One factor that may contribute to the development and
persistence of LBP is the specific way in which individuals
with LBP move when they perform tasks throughout the
day. Because performance of everyday tasks seldom requires
people to use the full available range of motion at specific
joints [3, 4], it is likely that the waymovements are performed

within small ranges of movement can create problems. For
example, if elements of the lumbopelvic region (e.g., pelvis
and lumbar vertebrae) begin to move soon after a person
begins a simple task like hip rotation, then rotating the hip
even a small amount during daily activities may increase
the frequency of movement in the lumbopelvic region. The
increased frequency ofmovement could increase stress on tis-
sues in the lumbopelvic region, particularly if themovements
are repeated frequently throughout the day [5]. Over time
and withmore repetitions of themotion, the accumulation of
tissue stress in the lumbopelvic regionmay be greater than the
adaptive tissue remodeling necessary to prevent tissue failure.
If so, tissue failure may occur and LBP symptoms may result
[5–8].
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Some details about how people move during differ-
ent tasks have been investigated. Several investigators have
reported that there are differences between people with and
people without LBP in the timing of motion between (1)
different elements within the lumbopelvic region and (2)
an adjacent limb region (e.g., hip) during a number of
different tasks [9–13]. In addition, we have reported that (1)
modifying the timing of motion between adjacent regions
during tasks which involve limb movement decreases LBP
symptoms [14, 15], (2) people with and people without
LBP are able to modify how they perform a limb move-
ment task following within-session instruction [16], and (3)
compared to a nonspecific intervention protocol, a 6-week
movement-specific intervention protocol results in delayed
and decreasedmovement of elements within the lumbopelvic
region during limb movement tasks [17]. Although recent
evidence suggests that movement of elements within the
lumbopelvic region during limb movement tasks may be
related to LBP and is modifiable, what remains to be explored
is which factors are related to how an individual performs a
motion following instruction.

Recently we reported that people with and people without
LBP were able to modify performance of hip lateral rotation
(HLR) following standardized instructions. People with and
people without LBP were able to complete a greater amount
of HLR prior to the onset of motion in the lumbopelvic
region after receiving instructions to keep the pelvis stable
during HLR [16]. However, despite providing standard-
ized instructions to all participants, corrections following
instruction ranged from complete elimination of rotation
by all elements of the lumbopelvic region during HLR to
little, if any, correction. Thus, we seek to identify factors
that might explain the differences in performance between
individuals.

Many factors may be related to how an individual per-
forms a task. Gender, joint hypermobility, and anthropomet-
rics previously have been identified as factors that may affect
performance of different tasks [18–26]. Because factors such
as gender, joint hypermobility, and anthropometrics may
affect how an individual performs a task, they also may affect
performance of a task following instruction. Additionally,
because gender, joint hypermobility, and anthropometrics are
inherent to the person and do not change between testing
conditions, we assume that, if these factors affect movement,
performance of a task prior to instruction will be related to
performance of a task following instruction.

Passive tissue characteristics alsomay be related to perfor-
mance of a task before and after instruction. Relative stiffness,
defined as a difference in stiffness between adjacent body
regions, has been proposed to explain why motion occurs in
one region when an adjacent region moves during an active
or a passive task [27, 28]. The region that is thought to be
less stiff is more likely to move during a task. For example,
if elements within the lumbopelvic region are less stiff than
the hip region, rotation is likely to occur in the lumbopelvic
region almost as soon as the hip moves during active or
passive HLR. Although the factors noted are presumed to be
related to how a person performs or modifies a task following
instruction, direct evidence is not available.

The purpose of the current study was to examine factors
presumed to be associated with performance of active HLR
following standardized, within-session instruction. Perfor-
mance of hip lateral rotationwhile pronewas examined in the
current study because (1) active HLR can provoke symptoms
in people with LBP [24, 29] and (2) people are able to modify
HLR following within-session instruction [16]. Hip lateral
rotation was examined under three conditions, active, active
instructed, and passive. During the active condition, subjects
performed HLR without any specific instructions about the
lumbopelvic region in order to capture the natural movement
pattern of the hip and elements of the lumbopelvic region
during active HLR. During the active-instructed condition,
subjects performedHLRafter receiving instructions intended
to eliminate rotation of elements in the lumbopelvic region
during active HLR. During the passive condition, subjects
were moved passively through the range of HLR to assess the
movement pattern of the hip and elements of the lumbopelvic
region during passive HLR. For people with and people
without LBP, we hypothesized that the motion displayed
during (1) active HLR performed prior to instruction and (2)
passive HLR would be related to performance of active HLR
following instruction.

A better understanding of factors related to the per-
formance of a particular task following instruction could
be important for determining a patient’s plan of care and
prognosis. Some factors, such as flexibility, aremodifiable and
may be addressable with intervention. Other factors, such
as height, are not modifiable but may still be addressable
through compensatory intervention strategies. Still other
factors may not be modifiable or addressable. A patient with
less addressable factors may have a poorer prognosis. Thus,
identifying factors that are related to performance of a task
following instructionmay help a clinician tailor a plan of care
and determine the most appropriate prognosis for a patient.

2. Materials and Methods

2.1. Subjects. Nineteen people with LBP (LBP group) and
20 people without LBP (NoLBP group) were included in
the current study. People were included in the LBP group
if they reported having chronic or recurrent [30] LBP for
at least 6 months. People were excluded from the NoLBP
group if they reported having experienced LBP that limited
daily activities for more than 3 days or for which they
sought medical attention. Potential subjects were excluded
from either group if they reported having (1) a body mass
index greater than 30, (2) a hip or knee injury that limited
daily activities, (3) a history of a spinal fracture or surgery,
or (4) a diagnosis of a spinal structural deformity, systemic
inflammatory condition, or other serious medical condition
that could affect movement (e.g., Parkinson’s disease). Prior
to participation in the study, all subjects read and signed
an informed consent approved by the university’s Human
Research Protection Office.

Following completion of informed consent, all subjects
completed self-report questionnaires before donning fitted
shorts (all subjects) and a sports bra (female subjects) for the
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remainder of testing. Subjects then completed the laboratory
measures followed by the clinical tests. Specific methods for
each of these items are described in more detail below.

2.2. Self-Report Questionnaires. All subjects completed a
demographic and LBP history questionnaire. Subjects with
LBP also completed amodifiedOswestryDisability Index [31]
and provided a current verbal numeric pain rating score [32].

2.3. Laboratory Measures

2.3.1. Kinematic Data. Kinematic data were collected using
a 6-camera motion capture system (EVaRT, Motion Analysis
Corporation, Santa Rosa, CA, USA). Prior to data collection,
reflective markers were placed over landmarks of the trunk,
pelvis, and lower limbs to capture motion during testing.
Markers were adhered to the skin superficial to C7 and
bilateral lateral malleoli, lateral knee joint lines, greater
trochanters, and posterior superior iliac spines (PSISs).

Kinematic data were collected while subjects performed
HLR under 3 conditions: active, active instructed, and passive.
For all trials, subjects were positioned in prone on a portable
massage table with their head in midline and their arms at
their side.The tested lower limbwas positioned with the knee
flexed to 90∘ andwith the hip in neutral abduction/adduction.
Prior to the start of each trial, the examiner held the hip of
the tested limb in 5∘ of medial rotation to allow the subject
to relax. During all active and active-instructed trials, subjects
moved at a self-selected speed. The subjects were instructed
to “bring the foot in as far as possible,” that is, lateral rotation,
and then “return the foot to the start position,” that is,
medial rotation. For active-instructed HLR trials, subjects
were provided additional instruction intended to eliminate
motion of all elements within the lumbopelvic region during
HLR. Prior to each active-instructed trial, the subjects were
told to contract the abdominal muscles and to not allow
the pelvis to rotate during HLR; the tester simultaneously
provided tactile cues on the abdominalmuscles and posterior
pelvis. No verbal or tactile cueing was provided during the
active-instructed trials. Prior to each passive trial, the subject
was instructed to relax while the tester performed maximal
HLR and then returned to the start position. End of motion
during the passive trials was defined as the point in the range
at which either (1) the test was unable to rotate the hip any
further or (2) the shank of the tested limb contacted the
nontested limb. No external stabilization (e.g., belt) of the
pelvis was provided during the active, active-instructed, or
passiveHLR trials.

All subjects completed the HLR trials in the following
order: active, active instructed, and passive. The active and
active-instructed trials were completed prior to passive trials
so that the tester’s movement of the hip during the passive
trials would not affect the subject’s performance during either
the active or the active-instructed condition. The side tested
first (right and left) was randomized within each condition.
Five trials of HLRwere performed with the right and left hips
separately for both the active and passive conditions; ten trials
were performed with the right and left hips separately for the
active-instructed condition.

2.3.2. Electromyographic Data. Electromyographic (EMG)
datawere collected to assessmuscle activity during the passive
trials using a Myosystem 1400A (Noraxon, Inc., Scottsdale,
AZ, USA). Muscle activity was recorded bilaterally from
the following muscles: latissimus dorsi [33], lumbar erector
spinae [34], multifidus [35], rectus abdominus [34], internal
oblique [34], external oblique, and lateral hamstrings [36]
during the passive trials. Subjects were instructed to remain
relaxed throughout the passive trials.

2.4. Clinical Tests. Femoral anteversion, measured with
methods described byRuwe et al. [37], and passiveHLR range
of motion, measured with an inclinometer, were assessed
bilaterally with the subject in prone and the knee flexed to
90∘. To minimize pelvic motion during measures of passive
HLR, the subject’s pelvis was stabilized with a belt and the
assistance of a second tester. Generalized joint hypermobility
was tested using the Beighton Hypermobility Scale [38].

2.5. Data Processing

2.5.1. Kinematic Data. Kinematic data were collected at a
sampling rate of 60Hz and were initially filtered using a
fourth order dual-pass, butterworth filter with a cut-off
frequency of 2.5Hz. After initial filtering, the start and
end points of HLR and selected elements of lumbopelvic
motionwere determined, andmovement timewas calculated.
Because subjects were allowed tomove at self-selected speeds,
the raw data was refiltered using a subject-specific cut-
off frequency (fc

𝑠𝑠
) [39] that was calculated by taking the

reciprocal of 15% of the period, fc
𝑠𝑠
= 1/0.15 ∗ (2 ∗movement

time) [24].
Spine length was defined as the distance between C7 and

the midpoint between the PSIS markers. Shank length was
defined as the distance between knee joint line and the lateral
malleolus.

Hip lateral rotation was calculated using a lower limb
vector defined by the lateral malleolus and the lateral knee
joint line markers. Hip lateral rotation was calculated as a
change in the angle of the lower limb vector relative to the
initial position [24] (Figure 1). The start and end of HLR
during each trial were defined as the point at which angular
velocity of the lower leg vector exceeded 5% and 99.5% of the
maximal angular velocity, respectively.

Rotation of elementswithin the lumbopelvic region (lum-
bopelvic rotation) was captured using a pelvic vector defined
by the PSIS markers. Lumbopelvic rotation was calculated as
a change in angle of the pelvic vector relative to the initial
position (Figure 1).The start and end of lumbopelvic rotation
were defined as the point at which angular velocity of the
pelvic vector exceeded 10% and 99.5% of themaximal angular
velocity, respectively.

A relative motion index (RMI) was calculated to assess
indirectly the relative stiffness between the elements of the
lumbopelvic region and the hip region.The RMI was defined
as the amount of HLR angular motion completed prior to
the start of lumbopelvic rotation (Figure 2). A small RMI
would indicate greater stiffness of the hip region relative to the
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Figure 1: Kinematic model with hip lateral rotation (𝛽) and lumbopelvic rotation (𝜃) calculations. LM: lateral malleolus, K: knee, PSIS:
posterior superior iliac spine. Reprinted fromManual Therapy [16].

elements within the lumbopelvic region. A large RMI would
indicate less stiffness of the hip region relative to the elements
within the lumbopelvic region.

2.5.2. Electromyographic Data. Electromyographic data were
sampled at a rate of 1200Hz and were bandpass filtered
at 10–500Hz. Analog data were digitized and synchronized
with the kinematic data. Electromyographic data were full-
wave rectified and filtered using a fourth order dual-pass,
butterworth filter with a filtering frequency of 50Hz. Baseline
EMG activity was obtained for 50ms prior to the initiation
of HLR movement. A muscle was considered active during
the passive HLR motion if the magnitude of EMG activity
exceeded 3 standard deviations above the baseline level [40,
41] and, if so, the trial was eliminated from the data set. Four
subjects with LBP were eliminated from the data because
muscle activity was detected during all passive trials.The final
data set included 15 subjects with LBP and 20 subjects without
LBP.

2.6. Data Analyses. All statistical analyses were performed
using IBM SPSS Statistics 19 (SPSS Inc., Chicago, IL, USA).
Differences between groups (LBP, NoLBP) for all variables
were tested using either a Chi-square or independent sam-
ples t-test. Values for laboratory measures were based on
the average of both limbs for all trials of each condition.
Correlational and hierarchical linear regression analyses
were performed separately for each group (LBP, NoLBP).
Correlations among variables were tested using the Pearson
product-moment correlation coefficients. Variables that were
correlated significantly (𝑃 < 0.05) with the criterion variable,
RMI during the active-instructed condition, were included in

a hierarchical linear regression analysis.The order of variable
entry was based on theoretical importance.

3. Results

There were no group differences in any subject characteristics
(Table 1).

3.1. Low Back Pain Group. The only variables that were cor-
related significantly with the criterion variable, RMI during
the active-instructed condition, were (1) RMI during the
passive condition, (2) RMI during the active condition, and
(3) gender (Table 2). As the RMI during the passive condition
and the active condition increased, the RMI during the active-
instructed condition increased. Compared to men, women
demonstrated a larger RMI during the active-instructed con-
dition.

The RMI during the passive condition, the RMI during
the active condition, and gender also were correlated posi-
tively with each other (Table 3). As RMI during the passive
condition increased, the RMI during the active condition also
increased. Compared to men, women demonstrated a larger
RMI during both the passive and the active conditions. None
of the correlation coefficients between the criterion variable
and any other variables were significant (Table 2).

Variables statistically correlated with the criterion vari-
able, RMI during the active-instructed condition, were
entered into the regression analysis in the following order: (1)
RMI during the passive condition, (2) RMI during the active
condition, and (3) gender. The RMI during the passive con-
dition was entered into the regression analysis first because
we were most interested in how much variance in the RMI
during the active-instructed condition would be explained
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Figure 2: Relative motion index (RMI) was defined as the amount of hip lateral rotation angular motion completed prior to the start of
lumbopelvic rotation. The vertical lines indicate the start of hip lateral rotation and lumbopelvic rotation. (a) An example of a smaller RMI.
(b) An example of a larger RMI.

solely by what happens during a passive movement where,
presumably, no active factors are involved. The RMI during
the active condition was entered into the regression analysis
second in order to determine if any additional variance was
explained by the subjects’ natural movement patterns during
HLR.

The RMI during the passive condition explained 76.2% of
the variance in the criterion variable; adding the RMI during
the active condition and gender did not explain any additional
variance (Table 4).

3.2. No LBP Group. The only variable that was correlated
significantly with the criterion variable was shank length
(Table 2); as shank length decreased, the RMI during the
active-instructed condition increased. Because only 1 variable
was correlated significantly with the criterion variable, a
regression analysis was not performed.

4. Discussion

The purpose of the current study was to examine factors
associated with performance of HLR following standardized,
within-session instruction. In people with LBP, the RMI
during the passive condition was most strongly related to
the RMI during the active-instructed condition. People who
demonstrate rotation of elements within the lumbopelvic
region shortly after the start of HLR during the passive
conditionalso did so during the active-instructed condition.
Although gender and the RMI during the active condition

were correlatedwith the criterion variable, these two variables
did not explain any additional statistically significant variance
in the criterion variable.These findingswere unique to people
with LBP. The only variable correlated with the criterion
variable in people without LBP was shank length.

Clinically, therapists assess passivemovements as part of a
typicalmusculoskeletal examination.The passivemovements
often are included to examine characteristics such as struc-
tural abnormalities, tissue stiffness, end-range extensibility of
a joint, pain behavior, and radicular symptoms [42–45]. In
patients with LBP, a clinician may perform a passive straight
leg raise to assess neural tension [42], knee flexion, while
prone to assess rectus femoris length [46], or hip lateral
rotation range of motion to predict whether a patient might
benefit from manipulation [45]. The findings of the current
study suggest that assessment of passive movements may be
important for other reasons as well. An indirect assessment of
relative stiffness demonstrated during passiveHLRmay be an
important component of a clinical examination for someone
with LBP. An individual who demonstrates movement of
elements within the lumbopelvic region soon after the start
of passive HLR also may do so during active HLR. This early
movement of elements within the lumbopelvic region may
occur regardless of whether the patients received instructions
to eliminate motion in the lumbopelvic region during HLR.
Because eliminating or delaying rotation of elements within
the lumbopelvic region during HLR is associated with a
decrease in LBP symptoms [14, 15], examining relative stiff-
ness during passive HLR may provide useful information for
the development of the most appropriate plan of care and
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Table 1: Subject characteristics.

People with
LBP

(𝑛 = 15)

People
without LBP
(𝑛 = 20)

Gender M = 7, F = 8 M = 10, F =
10

Age (years) 28.1 (7.2) 26.5 (5.9)
Weight (kg) 74.1 (10.1) 72.6 (7.6)
Height (cm) 173.5 (10.9) 171.4 (9.4)
Body mass index (kg/m2) 24.8 (3.0) 24.9 (2.8)
Spine length (cm) 48.1 (3.6) 46.8 (2.8)
Shank length (cm) 38.7 (3.1) 38.1 (3.1)
Passive hip lateral rotation∗ (degrees) 45.4 (10.0) 49.1 (7.2)
Femoral anteversion† (degrees) 11.3 (5.5) 11.4 (5.5)
Generalized joint hypermobility‡ (0–9) 2.2 (3.2) 2.1 (2.5)
Relative motion index§, active
condition 4.7 (3.6) 6.7 (4.0)

Relative motion index,
active-instructed condition 11.4 (8.5) 18.2 (12.3)

Relative motion index, passive
condition 3.7 (7.1) 4.8 (4.6)

Current pain score‖ (0–10) 2.0 (1.2) NA
Duration of LBP (years) 6.8 (3.3) NA
Modified Oswestry Disability Index¶
(0–100%) 13.5 (9.5) NA

Number of acute flare-ups in previous
12 months# 5.8 (4.3) NA

Values expressed as mean (standard deviation).
𝑃 > 0.5 for all comparisons.
∗Passive hip lateral rotation with pelvis stabilized, measured in prone with
an inclinometer.
†Femoral anteversionmeasured with a goniometer usingmethods described
by Ruwe et al. [37].
‡Generalized joint hypermobility measured with Beighton Hypermobility
Scale [38].
§Relative motion index calculated as the amount of hip lateral rotation
completed prior to the start of lumbopelvic rotation.
‖Pain measured using a verbal numeric pain rating scale [32].
¶Disability measured using modified Oswestry Disability Index [31].
#A flare-up is defined as a period (usually a week or less) when back pain is
markedly more severe than usual [30].

prognosis for a low back pain problem. Determining who
demonstrates rotation of elements within the lumbopelvic
region soon after the start of passiveHLRmay help clinicians
determine who will have a harder time modifying the move-
ment pattern with simple instructions and tactile cues. These
individuals may need a different type of intervention from
that applied in the current study.They alsomay have a poorer
prognosis than individuals who demonstrate later onset of
motion in the lumbopelvic region during passive HLR and
who may correct more easily with simple instructions and
tactile cues.

Furthermore, examination of motion during passiveHLR
appears to be more valuable than examination of motion
during active HLR as a predictor of performance during the
active-instructed condition. Although the RMI during both

Table 2: Pearson product-moment correlations between the relative
motion index (RMI) during the active-instructed condition and
subject characteristics, clinical findings, and laboratory findings.

RMI, active-instructed condition
People with LBP People without LBP

Correlations P value Correlations P value
Gender 0.570 0.027 0.273 0.244
Age −0.115 0.682 −0.120 0.613
Weight −0.164 0.560 −0.318 0.171
Height −0.393 0.149 −0.307 0.188
Spine length −0.457 0.087 −0.295 0.206
Shank length −0.251 0.368 −0.445 0.049
Passive hip
lateral rotation∗ 0.028 0.922 0.030 0.900

Femoral
anteversion† 0.022 0.943 0.191 0.420

Generalized
joint
hypermobility‡

0.242 0.384 0.087 0.715

RMI§, passive
condition 0.873 <0.001 0.144 0.544

RMI, active
condition 0.654 0.008 0.229 0.331

Abbreviations: HLR, hip lateral rotation; RMI, relative motion index.
Significant correlations indicated in bold-face type.
∗Passive hip lateral rotation with pelvis stabilized, measured in prone with
an inclinometer.
†Femoral anteversionmeasured with a goniometer usingmethods described
by Ruwe et al. [37].
‡Generalized joint hypermobility measured with Beighton Hypermobility
Scale [38].
§Relative motion index calculated as the amount of HLR angular motion
completed prior to the start of lumbopelvic motion.

Table 3: Pearson product-moment correlations between (1) the
relativemotion index (RMI) during the active condition, (2) theRMI
during the passive condition, and (3) gender in people with LBP.

RMI, active
condition

RMI, passive
condition Gender

RMI, active condition 1.00
RMI, passive condition 0.834∗ 1.00
Gender 0.786† 0.663† 1.00
∗

𝑃 < 0.001; †𝑃 < 0.01.
Abbreviation: RMI: relative motion index calculated as the amount of HLR
angular motion completed prior to the start of lumbopelvic motion.

passiveHLR and activeHLR was significantly correlated with
the RMI during the active-instructed HLR, the RMI during
the passive condition (1) had a stronger relationship with the
RMI during the active-instructed condition and (2) explained
76% of the variance in the RMI during the active-instructed
condition without any further variance statistically explained
by adding additional variables to the regression equation.The
RMI during the active condition had a weaker relationship
with the RMI during the active-instructed condition and
statistically explained no additional variance beyond that
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Table 4: Results of hierarchical multiple regression analyses for
people with LBP.

Predictor variables
Criterion variable

RMI, active-instructed condition
𝑅
2 change P-value

RMI, passive condition 0.762 <0.001
RMI, active condition 0.018 0.344
Gender 0.006 0.595
Total 𝑅2 0.786 0.001
Significant 𝑅2 change indicated in bold-face type.
Abbreviations: RMI: relative motion index calculated as the amount of hip
lateral rotation angular motion completed prior to the start of lumbopelvic
motion.

already explained by the RMI during the passive condition.
A clinician who only examines the RMI during the active
condition may not receive the same information they would
have received had they examined the RMI during the passive
condition.

Relative stiffness that is demonstrated during passiveHLR
might be particularly important in people with LBP. In the
current study, people with and people without LBP both
demonstrated rotation of elements within the lumbopelvic
region soon after the start of passiveHLR (small RMI value);
however, only people with LBP demonstrated a relationship
between the RMI during the passive condition and the RMI
during the active-instructed condition. It is unknown why
people with LBP demonstrate similar movements during
the passive and the active-instructed conditions and people
without LBP do not. There are, however, a number of poten-
tial contributing factors. Prior studies have demonstrated
potential differences between people with and people without
LBP in trunkmuscle strength [47–50] and elements of motor
control, including muscle recruitment [51–53] and proprio-
ception [54, 55]. Pain alsomay affect the ability for an individ-
ual with LBP to recruit trunk musculature [52, 56]. Because
all of these factors may affect movement, all of these factors
have the potential to affect an individual’s ability to overcome
passive relative stiffness during active HLR. For example, in
the current study, a person who demonstrates a small RMI
value during passive HLR is thought to be relatively stiffer
passively in the hip region than in the lumbopelvic region.
To overcome this stiffness and eliminate rotation of elements
within the lumbopelvic region during activeHLR, this person
might need to activate appropriate trunk muscles to increase
the active stiffness of the lumbopelvic region during the active
HLR motion. Individuals without LBP may have the muscle
strength and motor control necessary to activate the trunk
musculature sufficiently to overcome the stiffness of the hip
region. Alternatively, if an individual with LBP (1) has weak
musculature, (2) has proprioceptive deficits, or (3) is unable
to recruit musculature secondary to pain; the individual may
not be able to recruit trunk musculature enough or at an
appropriate time to overcome the stiffness of the hip region
during the active HLR motion. Further study is necessary to
determine which of these, or other factors, contribute to the
relationship between the RMI during the passive condition

and the RMI during the active-instructed condition in people
with LBP.

People without LBP also demonstrated a negative rela-
tionship between shank length and theRMIduring the active-
instructed condition, but people with LBP did not. Compared
to a shorter shank, a longer shank may be heavier with a
center of mass that is further from the axis of rotation. A
longer shank, therefore, could contribute to greater torque
at the hip joint, requiring greater trunk muscle recruitment
to avoid rotation in the lumbopelvic region as the hip
rotates. Thus, it is not surprising that there would be a
relationship between shank length and the RMI during the
active-instructed condition. What is surprising is that the
relationship is only in people without LBP and not people
with LBP. Although it is logical that shank length would
be an important factor to consider, perhaps in people with
LBP who may have decreased muscle strength [47–50] and
differences in motor control [51–55] compared to people
without LBP, other factors such as passive relative stiffness
become more predictive of performance during the active-
instructed condition. Further study is necessary to explore
why the relationships between the RMI during the active-
instructed condition and other factors are different between
people with and people without LBP.

It is also interesting in the current study that the data
from 4 people with LBP, but none without LBP, were removed
from analyses because of their inability to relax themonitored
trunk and limbmuscles during the passive trials. We have not
explored why these 4 individuals were unable to relax and
can only speculate as to the significance of this information
in the current study. However, we think the inability to relax
is important in some people with LBP and warrants further
study in its relationship to movement patterns and the ability
to alter movement patterns following instructions.

There are a few limitations of the current study. We did
not directly measure passive or active stiffness of elements
within the lumbopelvic region or hip region. Additionally,
the instrumented methods used in the current study are not
routinely available to clinicians. Despite these limitations,
we think the findings of the current study are clinically
applicable. Stiffness cannot bemeasured directly in the clinic.
Thus, examining relative stiffness through indirect methods
is more clinically applicable. Similarly, the instrumented
methods employed in the current study may not be available
in all clinics, but relative stiffness can be assessed visually
by clinicians. Clinically, visual assessment of relative stiffness
is defined as greater than 1/2 inch of movement of the
pelvis during the first 50% of the HLR movement [57, 58].
Based on these criteria, relative stiffness is determined to be
present or absent but is not quantified. The instrumented
methods used in the current study allow us to quantify
what is visually apparent, but not quantifiable by clinicians.
Quantifying the motion allows us to study the variability in
movement patterns as well as the change in those movement
patterns following instruction.

We also realize that generalizability of the results of
the current study is limited. The current study examined
only 1 movement task, HLR, in a small sample of young,
relatively healthy individuals with a BMI < 30 and no serious
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comorbidities. These individuals reported chronic or recur-
rent low back pain and minimal levels of pain and disability.
It is unknown whether similar results would be found in a
larger sample of people that were older and more acutely
involved, reported more comorbidities, or reported a higher
level of pain or disability. It is also unknown if similar results
would be found with other limb movement tests. Despite the
limitations in generalizability of the current study, we believe
the results of this study are important. To our knowledge, this
is the first study examining the relationship between passive
relative stiffness and how well people modify performance of
active HLR following standardized instructions. We believe
this study supports the need for further examination of
whether the findings of this study can be replicatedwith other
movement tasks and in a variety of different people with LBP.

5. Conclusion

Examination of the movement pattern demonstrated during
passive HLR may be important to consider when instructing
someone to modify motion during active HLR. In the
current study, people with LBP who demonstrated rotation
of elements within the lumbopelvic region shortly after
the start of passive HLR were most likely to do so during
active-instructed HLR, despite receiving instructions on how
to eliminate motion in the lumbopelvic region during the
active HLR motion. These individuals may have more dif-
ficulty correcting active HLR than people with LBP who
demonstrate rotation of elements within the lumbopelvic
region later during passive HLR and thus may have a poorer
prognosis. Further study is necessary to identify whether the
relationship between passive and active-instructed conditions
exists with other movement tasks and with a variety of
different people with LBP.

Conflict of Interests

The authors certify that no party having a direct interest in
the results of the research supporting this paper has or will
confer a benefit on them or any organization with which they
are associated.

Acknowledgments

Thisworkwas funded in part by theNational Institute ofChil-
dren Health and Human Development, National Center for
Medical Rehabilitation Research, Grant no. R01HD047709
and Grant no. T32HD007434, and Promotion of Doctoral
Studies I and Promotion of Doctoral Studies II scholarships
from the Foundation for Physical Therapy, Inc.

References

[1] D. Hoy, P. Brooks, F. Blyth, and R. Buchbinder, “The epidemiol-
ogy of low back pain,” Best Practice and Research, vol. 24, no. 6,
pp. 769–781, 2010.

[2] L. Manchikanti, “Epidemiology of low back pain,” Pain Physi-
cian, vol. 3, no. 2, pp. 167–192, 2000.

[3] J. E. Bible, D. Biswas, C. P. Miller, P. G.Whang, and J. N. Grauer,
“Normal functional range of motion of the lumbar spine during
15 activities of daily living,” Journal of Spinal Disorders and
Techniques, vol. 23, no. 2, pp. 106–112, 2010.

[4] E. Bukowski, Muscular Analysis of Everyday Activities, Slack
Incorporated, Thorofare, NJ, USA, 2009.

[5] M. A. Adams, N. Bogduk, K. Burton, and P. Dolan, The
Biomechanics of Back Pain, Churchill Livingstone, Edinburgh,
UK, 2002.

[6] S. M. McGill, “The biomechanics of low back injury: implica-
tions on current practice in industry and the clinic,” Journal of
Biomechanics, vol. 30, no. 5, pp. 465–475, 1997.

[7] M. J. Mueller and K. S. Maluf, “Tissue adaptation to physical
stress: a proposed “physical stress theory” to guide physical
therapist practice, education, and research,” Physical Therapy,
vol. 82, no. 4, pp. 383–403, 2002.

[8] W. S. Marras, “The case for cumulative trauma in low back
disorders,” Spine Journal, vol. 3, no. 3, pp. 177–179, 2003.

[9] M. A. Esola, P. W. McClure, G. K. Fitzgerald, and S. Siegler,
“Analysis of lumbar spine and hip motion during forward
bending in subjectswith andwithout a history of lowback pain,”
Spine, vol. 21, no. 1, pp. 71–78, 1996.

[10] S. A. Scholtes, S. P. Gombatto, and L. R. van Dillen, “Differences
in lumbopelvicmotion between peoplewith and peoplewithout
low back pain during two lower limb movement tests,” Clinical
Biomechanics, vol. 24, no. 1, pp. 7–12, 2009.

[11] G. L. K. Shum, J. Crosbie, and R. Y. W. Lee, “Symptomatic and
asymptomatic movement coordination of the lumbar spine and
hip during an everyday activity,” Spine, vol. 30, no. 23, pp. E697–
E702, 2005.

[12] G. L. K. Shum, J. Crosbie, and R. Y.W. Lee, “Three-dimensional
kinetics of the lumbar spine and hips in low back pain patients
during sit-to-stand and stand-to-sit,” Spine, vol. 32, no. 7, pp.
E211–E219, 2007.

[13] L. R. van Dillen, S. P. Gombatto, D. R. Collins, J. R. Engsberg,
and S. A. Sahrmann, “Symmetry of timing of hip and lum-
bopelvic rotationmotion in 2 different subgroups of peoplewith
low back pain,”Archives of PhysicalMedicine and Rehabilitation,
vol. 88, no. 3, pp. 351–360, 2007.

[14] L. R. vanDillen, S. A. Sahrmann, B. J. Norton, C.A. Caldwell,M.
K. McDonnell, and N. Bloom, “The effect of modifying patient-
preferred spinal movement and alignment during symptom
testing in patients with low back pain: a preliminary report,”
Archives of Physical Medicine and Rehabilitation, vol. 84, no. 3,
pp. 313–322, 2003.

[15] L. R. van Dillen, K. S. Maluf, and S. A. Sahrmann, “Further
examination of modifying patient-preferred movement and
alignment strategies in patients with low back pain during
symptomatic tests,” Manual Therapy, vol. 14, no. 1, pp. 52–60,
2009.

[16] S. A. Scholtes, B. J. Norton, C. E. Lang, and L. R. vanDillen, “The
effect of within-session instruction on lumbopelvic motion
during a lower limb movement in people with and people
without low back pain,”ManualTherapy, vol. 15, no. 5, pp. 496–
501, 2010.

[17] S. L. Hoffman, M. B. Johnson, D. Zou, M. Harris-Hayes, and
L. R. van Dillen, “Effect of classification-specific treatment on
lumbopelvic motion during hip rotation in people with low
back pain,”Manual Therapy, vol. 16, no. 4, pp. 344–350, 2011.

[18] J. W. Błaszczyk, M. Plewa, J. Cieślińska-Świder, B. Bacik, B.
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