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Lumbopelvic rhythm in the sagittal plane:
A review of the effects of participants and
task characteristics

Milad Vazirian® @, Linda R. Van Dillen2 ©, Babak Bazrgari*

'F. Joseph Halcomb Ill, M.D. Department of Biomedical Engineering, University of Kentucky, Lexington, KY,
USA, 2Program in Physical Therapy, Washington University School of Medicine in St. Louis, MO, USA

Objectives: Abnormalities of lumbopelvic coordination have been suggested to relate to risk of developing
low back pain. The objective of this study is to review and summarize the findings of studies that have
implemented and reported on lumbopelvic rhythm during trunk forward bending and backward return.
Methods: The PUBMED and CINAHL databases were searched for studies related to LPR using appropriate
keywords. The references of each study from the database search were further investigated to identify any
missed study.

Results: The findings includes results related to lumbopelvic rhythm, and how it varies due to participant
characteristics such as age, gender, and presence of low back pain as well as due to variations in the
experimental procedures such as pace of motion, presence of external load, and muscle fatigue.
Conclusion: In general, the magnitude of lumbar contribution is smaller in people with low back pain, in the
elderly and females, as well as with greater pace of motion, but is larger with greater external load or back
muscle fatigue. The compiled data in this review are expected to serve as a foundation for implementation

of this kinematic-based measure in the conduct of future research.

Keywords: Lumbopelvic rhythm, Lumbar spine, Pelvis, Lumbar contribution, Pelvic contribution

Introduction

Low back pain (LBP) is a significant health problem,
affecting the well-being of many people each year and
imposing a huge economic burden to industries and
the healthcare system.'™ Given the complexity and
multifactorial nature of this disorder,*® management
of LBP inevitably relies on the availability of measures
which can help identify at risk individuals, match
patients with existing treatments, and monitor the pro-
gress of treatments.

The relative pattern of lumbar flexion/extension
and pelvic rotation, as the two main contributors to
the trunk motion in the sagittal plane, has been
used in several earlier studies to verify its capability
in differentiating between patients and healthy con-
trols. The suggested premise behind this is that any
change in this relative pattern, which for brevity
will be called lumbopelvic rhythm (LPR) hereafter,
could be an indication of alterations in the synergy
between the active and passive contributions of
lower back tissues in generating trunk motion.
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Therefore, changes in LPR could indirectly suggest
alterations in neuromuscular control of trunk
motion as well as the load (forces and deformations)
distribution within the lower back tissues; both of
which having an important role in development of
LBP."”’

LPR has been shown to be affected not only by the
health condition (i.e. asymptomatic vs. symptomatic
or different types of LBP), but also by the personal
characteristics (e.g. age, gender) as well as the charac-
teristics of trunk motion task (e.g. pace of motion,
load to be lifted). Therefore, better management of
LBP using the LPR measure requires an understand-
ing of the potential effects of subject and task charac-
teristics on LPR. Thus, the objective of this review is to
summarize the current knowledge about LPR during
trunk bending and return in the sagittal plane for
groups of individuals with different characteristics,
and under different task conditions. This study
comes as a continuation of a previous review where
we summarized the methods used for kinematic
measurement, and characterization approaches for
LPR.' Tt is expected therefore, that these reviews
help in establishing a platform for future study of
this concept in LBP research.
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Methods

A comprehensive search was conducted to identify all
of the relevant studies reporting on LPR. The
PUBMED and CINAHL databases were initially
searched for articles which had the following keywords
in the title or abstract: ‘lumbopelvic rhythm’, ‘lumbo-
pelvic rhythm’, ‘lumbar-pelvic rhythm’, ‘spino-pelvic
rhythm’, ‘lumbopelvic coordination’, ‘lumbopelvic
coordination’, ‘lumbar-pelvic coordination’, and
‘spino-pelvic coordination’. The initial search results
were further screened for the following inclusion cri-
teria: (1) original research using in-vivo measurements
in human participants, and (2) reporting LPR for
trunk motion in the sagittal plane. In addition, refer-
ences of each identified study were also investigated
for identification of any study that was missed in the
database search. Finally, a recent study by the
authors'' which meets the review inclusion criteria
was added to the list of included studies (Fig. 1).

Results
Twenty-six studies met all of our criteria and were
included in the review. The characteristics of

participants in each sample and the experimental pro-
cedure used in each study are summarized in Table 1.

During the review process, we noted that the LPR
has been generally studied from two main perspectives
that included (1) magnitude, and (2) timing of lumbar
and pelvic contributions to trunk motion. Hence, in
the following sections, the findings of the reviewed
studies have been summarized based on if the focus
was the magnitude or the timing aspects of LPR.
The summary has been organized by first reporting
findings from studies involving only asymptomatic
people with no history of LBP, followed by findings
from studies involving individuals with a current or a
past episode LBP. Thereafter, reports of changes in
LPR due to differences in the characteristics of partici-
pant samples and experimental procedures are
summarized.

LPR in asymptomatic people with no history of
LBP

Findings from reports of the timing of lumbar and
pelvic motions can be categorized into (1) simul-
taneous motion of the lumbar spine and pelvis with
no delay,'*'* (2) simultaneous motion of the lumbar

PUBMED (30)
CINAHL (14)

Computerized search using the keywords in 10/1/2015 (44)

\ 4

Duplicate references (11)

Excluded after screening based on the

\ 4

Accepted for the review (14)

\ 4

\ 4
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Retrieve the references

Screen based on the inclusion criteria

\ 4

A

\ 4

\ 4
Accepted for the review (11)
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Table 1

List of the reviewed studies

Sample Tasks
Body
Article Number Health condition Age Gender Stature mass Direction Range of motion Pace of motion Group
Paquet et al.?° 10 Low back pain 41 FB-BR As far as possible Slower than self-selected for normal 1, 2
9 Healthy 41 and self-selected for patients
Gracovetsky 5 Healthy 24 Male BR Up to fully bent posture Self-selected 4,5
etal?® 5 Healthy 24  Female
5 Healthy 35 Male
5 Healthy 35 Female
5 Healthy 45 Male
5 Healthy 45 Female
5 Healthy 55 Male
5 Healthy 55 Female
Nelson et al.*° 30 Healthy 26 Female FB-BR 90% of maximal FB Self-selected 5
Esola et al.” 14 Asymptomatic with a history 32 Male 182cm 83 kg FB As far as possible Self-selected 3
of low back pain
6 Asymptomatic with a history 24 Female 163cm 56 kg
of low back pain
13 Healthy 27 Male 177cm  78kg
8 Healthy 29 Female 166cm 63kg
McClure et al.?! 12 Asymptomatic with a history 34 180cm 79 kg BR Not instructed Self-selected 1,3
of low back pain
12 Healthy 29 172cm 69 kg
Porter and 15 Patient 27  Male FB- BR As far as comfortably possible Self-selected 2
Wilkinson® 17 Healthy 27  Male
Tully et al®® 13 Healthy 26 Male 170 cm FB Up to touch the floor Self-selected 1
9 Healthy 26 Female 170cm
Granata and 13 Healthy 24 Male 171cm  77kg BR From 90° to upright 15, 30 and 60°/second 1,56
Sanford'? 5 Healthy 24  Female 171cm 77kg
Lariviere et al.?® 18 Healthy 40 Male 175cm 74 kg FB-BR Fully bent posture One movement cycle lasted 2
15 Healthy 40 Female 172cm 62kg 5.45 seconds
Lee and13 20 Healthy 20 Male 171cm  62kg FB-BR As far as possible Self-selected 1
Wong
Wong and 20 Healthy 42 170cm  71kg FB-BR As far as possible Self-selected 1,2
Lee' 24 Low back pain 41 Male 172cm 69 kg
17 Low back pain with 34 Male 174cm  71kg
restricted leg raise
Pal et al."® 20 Healthy 21 Male 180cm 77 kg FB-BR As far as possible Self-selected 1
Thomas and 8 Healthy 27 Male FB-BR With knee flexion, to high, middle and low With knee flexion, self-selected, and 1,4, 6
Gibson'® 8 Healthy 26  Female targets, and with knees extended, to a low with knees extended, twice the
target, and as far as possible comfortable pace
van Wingerden 29 Low back pain with pelvic 33  Female FB-BR As far as possible Moderate pace 2
etal® girdle pain
22 Low back pain 36 Female
53 Healthy 25 Female
Continued
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Table 1 Continued
Sample Tasks
Body
Article Number Health condition Age Gender Stature mass Direction Range of motion Pace of motion Group
Silfies et al.?? 23 Healthy 39 Male 170cm 73 kg FB-BR To reach a target in front of the participant’s 3 seconds reaching and 3 seconds 2
12 Healthy 39 Female 170cm 73kg trunk returning
11 Low back pain 41 Male 180cm 85kg
19 Low back pain 41 Female 180cm 85kg
Kim et al?® 16 Healthy 24 169cm 61kg FB-BR Fully flexed position, then to the initial 3 seconds bending, 3 seconds 2
17 Low back pain (lumbar 23 173cm 67 kg position returning
flexion with rotation
syndrome)
14 Low back pain (lumbar 24 169cm 65kg
extension with rotation
syndrome)
Hasebe etal’® 18 Healthy 36 Male 171cm 67 kg FB To touch toes Self-selected 1
Hu et al*? 12 Healthy 26 Male 172cm 77 kg BR Full flexion to upright Self-selected 5
lwasaki et al®' 16 Healthy 22 Male BR Not instructed Self-selected 5
10 Healthy 22 Female
Lariviere etal®® 10 Healthy 26 Male 180cm 80kg FB-BR As far as possible 4 seconds bending and 4 seconds 2
10 Healthy 27  Female 168cm 65kg returning
Phillips et al>® 6 Healthy 27  Male 179cm  79kg FB To touch toes As fast as possible, and Metronome 5,7
6 Healthy 27 Female 166cm 62kg 60 beats/minute
Tafazzol etal® 8 Healthy 25 Male 181cm 80kg FB-BR To their maximum voluntary bending Self-selected 1
Hu and Ning® 13 Healthy 27  Male 175cm 69 kg FB-BR To 40 cm from the center of ankles Self-selected 57
Hu and Ning®* 15 Healthy 26 Male 173cm 77 kg FB-BR To 40 cm from the center of ankles Self-selected 7
Pries et al.?’ 134 Healthy 38 Male 180cm  75kg FB As far as possible Self-selected 4
175 Healthy 38 Female 167cm 61kg
Vazirian etal'’ 6 Healthy 25 Male 178cm  79kg FB-BR As far as possible Self-selected, and as fast as 4,6
6 Healthy 25 Female 165cm 61kg possible
6 Healthy 35 Male 173cm  81kg
6 Healthy 35 Female 167cm 65kg
6 Healthy 45 Male 180cm 88kg
6 Healthy 45 Female 166cm 71kg
6 Healthy 55 Male 181cm 85kg
6 Healthy 55 Female 164cm 71kg
6 Healthy 65 Male 178cm 84 kg
6 Healthy 65 Female 165cm 65kg

Letter codes under Tasks column denote: FB: forward bending, BR: backward return.

Number codes under Group column denote study of LPR are related to (1) healthy control population,( 2) current LBP, (3) history of LBP, (4) age/gender, (5) handling of external load, (6) motion pace

and (7) muscle fatigue. See summary of results for details.
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spine and pelvis with a delay,'>'® and (3) sequential

motion of the lumbar spine and pelvis.!””'® Early
studies of the kinematics of the lumbar spine and
pelvis in asymptomatic individuals suggested a
sequential contribution to the trunk motion;'”'® a
suggestion that was not supported by any of the
studies included in the current review. For the
forward bending task, Lee and Wong,"> and Wong
and Lee'* reported a zero phase delay between
lumbar and pelvic motions. In contrast, Pal et al.'®
reported that the initiation of motion and maximum
angular velocity of the lumbar spine occurred, respect-
ively, 9.9 and 13.3% of task duration earlier than the
time of corresponding events for the pelvis. Thomas
and Gibson'> also reported that the initiation of
lumbar motion was 48.9 milliseconds ahead of the
pelvic motion.

For the backward return task, Granata and
Sanford'? reported simultaneous lumbar and pelvic
motions based on the observation that the plot of
lumbar motion compared to pelvic motion had no
near horizontal or vertical segment. Similarly, Lee
and Wong'® and Wong and Lee'* reported a zero
phase delay between the lumbar and pelvic motions
during the backward return. Pal er al.'® however,
reported that the motion onset and peak velocity of
the pelvis occurred, respectively, 4.7 and 5.2% of the
task duration earlier than the corresponding time
events for the lumbar spine during the backward
return. Similar observations to those by Pal et al.'®
have been reported by Thomas and Gibson'® with
the pelvic motion reported to start 63 milliseconds
ahead of the lumbar motion but only for the backward
return from a middle and low height target. For the
backward return started from a high height target
(i.e. small trunk flexion), the same authors observed
no phase difference. Such findings were consistent
with the results from Lee and Wong,'* Wong and
Lee,' and Granata and Sanford.'?

For the magnitude aspects of LPR, the general
observation in the studies reviewed was that the
lumbar contribution to forward bending is dominant
in the early stage of the trunk motion, whereas the
pelvic contribution gradually increases and becomes
dominant toward the end range of the trunk
motion.”? 13161920 Thomas and Gibson'® reported
larger lumbar contribution during the second quartile
than the first quartile of forward bending. The
reported lumbar to pelvic contribution ratios in their
study were 1.8:1 and 1.6:1, respectively.

Inversely, it was reported that the early stage of
backward return was accomplished primarily by
pelvic motion, whereas the late stage of the backward
return was accomplished primarily by lumbar spine
motion.>1%13:16:2021 The only exception to this
general observation was a study by Pal et al,'

Vazirian et al.

wherein equal contributions from the lumbar spine
and pelvis were reported throughout the middle and
late stages of backward return.

LPR and current episode of LBP

There is no consensus in the reports of differences in
the timing aspect of LPR between people with and
without a current episode of LBP. Wong and Lee'*
reported that participants with LBP, similar to asymp-
tomatic participants, demonstrated a simultaneous
lumbar and pelvic motion both in forward bending
and backward return. Paquet er al>° similarly
suggested no significant difference in the timing of
lumbar relative to pelvic coordination between
people with LBP versus people without current LBP.
Paquet er al.*° further divided their LBP group into
two subgroups and found that those who had signifi-
cantly more in-phase lumbar and pelvic motion than
the control group used pelvic motion for the earlier
stage of the forward bending, and the terminal stage
of the backward return. In another study, Silfies
et al.?* observed that patients with LBP had a higher
mean relative phase between the lumbar spine and
pelvis than the control group in forward bending and
backward return (i.e. more sequential motion).

In general, it has been suggested that in the presence
of LBP the lumbar contribution in forward bending
and backward return decreases.’®*?® Lariviere
et al.*® reported that the lumbar contribution was sig-
nificantly smaller in people with LBP compared to
people without LBP. They further noticed that such
differences were not affected by the presence of a
12 kg external load. Porter and Wilkinson®® also
reported a smaller lumbar contribution in people
with chronic LBP compared to people without LBP.
However, this occurred only during the early stage of
the forward bending (0-15°).

van Wingerden er al.** compared the lumbar and
pelvic contribution between a group of patients with
LBP and a group of pelvic girdle pain patients. The
investigators observed that patients with LBP tended
to maintain a lordosis (less lumbar motion) during
forward bending. In contrast, the pelvic girdle pain
patients displayed lumbar motion in the initial phase
of forward bending. However, a higher lumbar contri-
bution was reported for both patient groups as com-
pared to controls toward the end range of forward
bending.

A similar study was conducted by Kim et «
wherein the investigators compared the LPR between
two subgroups of LBP patients; patients with lumbar
flexion with rotation syndrome, and patients with
lumbar extension with rotation syndrome, and a
control group. The group with lumbar flexion with
rotation syndrome showed less pelvic and excessive
lumbar motion compared to the control group. The

1'25
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group with lumbar extension with rotation syndrome
showed more pelvic and less lumbar motion than the
control group. The reported patterns were observed
during both forward bending and backward return.

LPR and history of LBP

The differences in LPR of people with a history of LBP
compared to those without a history of LBP have been
investigated in two studies. The goal of the two studies
was to understand the reason why asymptomatic
people with a history of LBP are susceptible to a recur-
rence of LBP. The participants with a history of LBP
were reported to have a smaller lumbar contribution
during the middle stage of forward bending (30-60°)
compared to participants without a history of LBP
as reflected in the reported lumbar to pelvic ratios of
0.72:1 compared to 1.06:1.” During the early stage of
backward return though, the lumbar contribution
was reported to be larger in people with a history of
LBP compared to those without a history of LBP.?!

LPR and age and gender

Pries er al.?’ reported a smaller lumbar and larger
pelvic contribution to trunk motion at the end range
of trunk forward bending in older individuals com-
pared to younger individuals, as well as in females
compared to the males. Vazirian et al.'' studied the
differences in the lumbar contribution in four quartiles
of forward bending and backward return between five
age groups spanning from 20 to 70 years old. The
investigators reported a smaller lumbar contribution
in the groups older than 50 years, in the males and
females, as well as a smaller lumbar contribution in
females versus males in all of the quarters of forward
bending and backward return. However, Thomas
and Gibson'? observed no effect of gender on the mag-
nitudes of lumbar and pelvic contribution in forward
bending and backward return. For the backward
return task, Lariviere er al.*® reported larger contri-
bution from the lumbar spine in males compared to
females. Gracovetsky er al.* reported that older par-
ticipants experienced a smaller lumbar contribution
throughout the backward return compared to
younger participants.

LPR and external load

In general, the lumbar and pelvic motions during
forward bending in the presence of external load has
been reported to become more synchronous.®*° For
the backward return, however, the reports about the
timing of lumbar and pelvic contributions are incon-
sistent. Nelson ez al.** reported a relatively sequential
pattern of lumbar and pelvic motions with the lumbar
motion being ahead of the pelvic, when lifting a 9.5 kg
load. Similarly, Iwasaki et al.®' observed that com-
pared to a no load condition, the initiation of
lumbar motion was delayed when lifting an external

International Musculoskeletal Medicine 2016 voL. 38 NO. 2

load that was 20% of the participant’s body weight.
Hu et al.* found out that compared to lifting no
load, lifting a 9 kilogram weight from the ground
reduced the mean relative phase between the lumbar
spine and pelvis (i.e. the lumbar and pelvic motions
became more synchronous except during the first
quartile of backward return). There have also been
reports of simultaneous lumbar and pelvic motions
during the backward return in the presence of load.® !>

For the forward bending task, an increase of
approximately 10% in the lumbar contribution was
reported by Phillips ez al.* for different stages of a
fast forward bending task with added weight
(~11 kg) to the trunk. For the backward return task,
investigators report either no effect’” or an increase
in the lumbar contribution'? due to the external
load. Granata and Sanford'? reported an increase of
approximately 1.3 in the ratio of lumbar to pelvic con-
tribution when the external load increased from 0.1 to
10 kg in backward return. However, Gracovetsky
et al.®® reported no effect of external load on the
lumbar and pelvic contribution during the early
stage of backward return (i.e. up to 60° of the trunk
motion) even with heavy loads up to 45 kg.

LPR and trunk pace

Increasing the pace while lifting a load has been
suggested to reduce the sequential nature of the
pelvic and lumbar motions.!”> For the forward
bending task, Thomas and Gibson'> observed that
increasing the pace of the trunk motion, in contrast
to presence of external load, was associated with a
reduction in the lumbar contribution. Granata and
Sanford'? similarly reported a reduction in the total
lumbar contribution with increasing the pace in back-
ward return, but only in the presence of an external
load.

LPR and fatigue

Hu and Ning** reported that with a 9 kg weight, the
mean relative phase of the lumbar spine and pelvis
was reduced by ~0.05 rad (i.e. became more in
phase) due to the erector spinac muscle fatigue in
backward return. By further dividing the total lifting
duration into four intervals, Hu and Ning observed
that the relative phase became lower due to fatigue
in all except the first interval of the backward return.
In another study, the same investigators also noted
that fatigue resulted in an increased lumbar contri-
bution during both the forward bending and backward
return tasks. Finally, while not involving a specific
trunk muscle fatiguing protocol, Phillips er al.*’
reported an increased lumbar contribution at different
stages of fast forward bending following a 45-minute
brisk treadmill walk while carrying body armor.



Conclusion

There is a general consensus among the reviewed
studies that the lumbar contribution is predominant
during the early stages of forward bending as well as
later stages of backward return; a contribution that
decreases at larger trunk flexion angles. In contrast
to increasing the pace of trunk motion, the presence
of external load was reported to delay and increase
the lumbar contribution in backward return. The
lumbar contribution has been reported to reduce
with aging and to be less (or equal) among females
as compared to males in forward bending and back-
ward return. In contrast to healthy individuals, asymp-
tomatic people with a history of LBP have a smaller
lumbar contribution during the middle stage of
forward bending, and a larger lumbar contribution
during early stages of backward return. Different
reports of timing and magnitude of lumbar and
pelvic contribution to trunk motion have been
reported for people in a current episode of LBP.
Given the complexity and multifactorial nature of
LBP, these differences could have been in part due to
the heterogeneity in the populations of patients with
LBP in the reviewed studies. Depending on the
source of LBP, similar, larger, or smaller lumbar con-
tribution have been reported among people in an
episode of LBP compared to those not in an episode
of LBP. Another potential source of variability in the
results of the reviewed studies, could be the differences
in methods used to measure the motion, and
approaches used to characterize the LPR.!°
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