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Abstract

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

Correspondence to: Babak Bazrgari, F. Joseph Halcomb III, M.D. Department of Biomedical Engineering, University of Kentucky, 
514E Robotic and Manufacturing Building, Lexington, KY 40506, USA. babak.bazrgari@uky.edu. 

Disclaimer statements
Contributors None.
Conflicts of interest The authors report no conflicts of interest.
Ethics approval None.

ORCiD
Milad Vazirian, http://orcid.org/0000-0001-6771-5148
Linda R. Van Dillen, http://orcid.org/0000-0002-3845-4783

HHS Public Access
Author manuscript
Int Musculoskelet Med. Author manuscript; available in PMC 2017 October 12.

Published in final edited form as:
Int Musculoskelet Med. 2016 ; 38(2): 51–58. doi:10.1080/17536146.2016.1241525.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://orcid.org/0000-0001-6771-5148
http://orcid.org/0000-0002-3845-4783


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.1–3 Given the complexity and multifactorial nature of this disorder,4–6 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 progress 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 controls. 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. 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.7–9

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 characteristics of trunk motion task (e.g. pace of motion, load to be 

lifted). Therefore, better management of LBP using the LPR measure requires an 

understanding of the potential effects of subject and task characteristics 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.10 It is expected therefore, that these reviews help in 

establishing a platform for future study of this concept in LBP research.

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 criteria: (1) 

original research using in-vivo measurements in human participants, and (2) reporting LPR 

for trunk motion in the sagittal plane. In addition, references 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 authors11 which meets the review inclusion criteria was added 

to the list of included studies (Fig. 1).
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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 procedure 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 participant 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) 

simultaneous motion of the lumbar spine and pelvis with no delay,12–14 (2) simultaneous 

motion of the lumbar spine and pelvis with a delay,15,16 and (3) sequential motion of the 

lumbar spine and pelvis.17,18 Early studies of the kinematics of the lumbar spine and pelvis 

in asymptomatic individuals suggested a sequential contribution to the trunk motion;17,18 a 

suggestion that was not supported by any of the studies included in the current review. For 

the forward bending task, Lee and Wong,13 and Wong and Lee14 reported a zero phase delay 

between lumbar and pelvic motions. In contrast, Pal et al.16 reported that the initiation of 

motion and maximum angular velocity of the lumbar spine occurred, respectively, 9.9 and 

13.3% of task duration earlier than the time of corresponding events for the pelvis. Thomas 

and Gibson15 also reported that the initiation of lumbar motion was 48.9 milliseconds ahead 

of the pelvic motion.

For the backward return task, Granata and Sanford12 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 Wong13 and Wong 

and Lee14 reported a zero phase delay between the lumbar and pelvic motions during the 

backward return. Pal et al.16 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.16 have been reported by Thomas and Gibson15 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,13 Wong and Lee,14 and 

Granata and Sanford.12

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 
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motion, whereas the pelvic contribution gradually increases and becomes dominant toward 

the end range of the trunk motion.7,9,13,16,19,20 Thomas and Gibson15 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.9,12,13,16,20,21 The only exception to this general observation was a 

study by Pal et al.,16 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 Lee14 reported that participants 

with LBP, similar to asymptomatic participants, demonstrated a simultaneous lumbar and 

pelvic motion both in forward bending and backward return. Paquet et al.20 similarly 

suggested no significant difference in the timing of lumbar relative to pelvic coordination 

between people with LBP versus people without current LBP. Paquet et al.20 further divided 

their LBP group into two subgroups and found that those who had significantly 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.22 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.20,23–26 Lariviere et al.23 reported that the 

lumbar contribution was significantly 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 Wilkinson26 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 et al.24 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 contribution was reported for both 

patient groups as compared to controls toward the end range of forward bending.

A similar study was conducted by Kim et al.25 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 group with lumbar extension with 
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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 recurrence 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 1.06:1.7 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.21

LPR and age and gender

Pries et al.27 reported a smaller lumbar and larger pelvic contribution to trunk motion at the 

end range of trunk forward bending in older individuals compared to younger individuals, as 

well as in females compared to the males. Vazirian et al.11 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 Gibson15 observed no effect of gender on the 

magnitudes of lumbar and pelvic contribution in forward bending and backward return. For 

the backward return task, Lariviere et al.28 reported larger contribution from the lumbar 

spine in males compared to females. Gracovetsky et al.29 reported that older participants 

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.8,30 For the backward return, 

however, the reports about the timing of lumbar and pelvic contributions are inconsistent. 

Nelson et al.30 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.31 observed that compared to a no load condition, the initiation of lumbar motion was 

delayed when lifting an external load that was 20% of the participant’s body weight. Hu et 
al.32 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.8,12

For the forward bending task, an increase of approximately 10% in the lumbar contribution 

was reported by Phillips et al.33 for different stages of a fast forward bending task with 
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added weight (~11 kg) to the trunk. For the backward return task, investigators report either 

no effect29 or an increase in the lumbar contribution12 due to the external load. Granata and 

Sanford12 reported an increase of approximately 1.3 in the ratio of lumbar to pelvic 

contribution when the external load increased from 0.1 to 10 kg in backward return. 

However, Gracovetsky et al.29 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.12 For the forward bending task, Thomas and Gibson15 

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 Sanford12 

similarly reported a reduction in the total lumbar contribution with increasing the pace in 

backward return, but only in the presence of an external load.

LPR and fatigue

Hu and Ning34 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 spinae 

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 contribution during both the forward 

bending and backward return tasks. Finally, while not involving a specific trunk muscle 

fatiguing protocol, Phillips et al.33 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 backward return. In contrast to healthy individuals, asymptomatic 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 contribution have been reported among 

people in an episode of LBP compared to those not in an episode of LBP. Another potential 
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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.10
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Figure 1. 
Flow-chart of the literature search to find all relevant studies to LPR.
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