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SUMMARY 
This is a preliminary report on an effort to compare 
self-reported pain and disability to EMG measures related to 
the flexion relaxation phenomenon by participants with low 
back pain (LBP) over a reporting period of up to eight 
weeks. 
 
INTRODUCTION 
During trunk flexion from standing, the erector spinae (ES) 
eccentrically contracts and surface EMG typically abruptly 
decreases when approaching maximal trunk flexion.  The 
electrical silence of the erector spinae (ES) at full trunk 
flexion in standing was first reported by Floyd and Silver [1], 
who referred to a phenomenon as flexion relaxation (FR). 
Numerous observations have been made of the disruption of  
FR with LBP. Researchers have tried to use various 
measures of this phenomenon to establish a relationship 
between self-reported pain and disability with the goal of 
providing a potential adjunct measure. One commonly 
applied measure is the ratio of the EMG amplitude during 
the forward bending (or the extension phase during return to 
standing) to the amplitude measured at full static flexion. 
This is a report of an attempt to evaluate how these ratios 
calculated from EMG of healthy controls compare to 
participants with LBP. We will also  investigate the 
relationships between both pain and disability and the FR 
measures between participants grouped by their reported 
symptom history.  The correlations between pain and 
function reports with repeated EMG measures  made over 
time during an episode of LBP will also be evaluated.  
 
METHODS 
Eighteen controls (10♂, 8♀) age 35.2 (9.4) yr, height 168.4  
(10.5) cm and weight 69.7 (11.7) kg were recruited for a 
single session, and 33 participants with LBP (17♂, 16♀) age 
40.5 (12.8) yr, height 168.9( 10.4) cm and weight 75.0 
(15.3) kg were recruited for a study period spanning up to 
eight weeks. The LBP group were seen for eight sessions 
over the eight week period, or until pain resolved (pain score 
=0) for two consecutive sessions, at which time participation 
was terminated  At the initial visit during medical 
screening participants reported their history of pain 
symptoms, and completed a Back Pain Functional Scale 
(BPFS), and a pain score (0-10 numerical rating scale). 
Surface EMG electrodes (Delsys Bagnoli 8) were placed 
bilaterally 2 cm lateral to the L5 spinous process. An 

inclinometer was placed on the mid-thoracic region. From 
standing, with a metronome pacing the motion, the 
participant bent forward toward full flexion (4 s), maintained 
the fully flexed posture (4 s), and then extended the back and 
returned to standing (4 s). See Figure 1.  Participants 
provided pain scores, completed the BPFS, and performed 
two replications of the flexion extrension activity at each 
subsequent session. EMG was sampled at 1000 Hz, and 
stored in computer memory.  From the inclinometer, the 
forward bending, full static flexion, and extension phases 
were identified.  For each trial the maximum EMG 
amplitude was determined for the forward bending and 
extension phases, and a one-second average was calculated 
about each maximum.  A one-second average was also 
calculated at the midpoint of the full static flexion phase. 
The ratio of the mean EMG amplitude for forward bending 
to the static flexion phase amplitude was calculated and 
referred to as FL-FR ratio.  A similar analysis was 
performed for the extension phase, EX-FR ratio.  For both 
measures a higher ratio equates to a relatively greater flexion 
relaxation. 
 
Correlations were calculated for each participant between 
pain scores and the FL-FR and EX-FR ratios for each 
session. The process was repeated for the BPFS scores.  
Next, the LBP participants were classified as either 
Transient, Recurrent or Chronic, according to a criteria 
described by Von Korff, [2]. ANOVA was used to test 
differences in correlations between groups.  
 
RESULTS AND DISCUSSION 
 
Examination of the overall means for all trials showed there 
were differences in the EMG activity between the control 
and LBP groups. Table 1 provides insight into some these 
differences.  
 
Table 1. Gross trunk ROM, EMG at full trunk flexion, 
FL-FR and EX-FR ratios for the LBP and control groups. 
 

Group Gross ROM 
(degrees) 

EMG Amp 
(µV) 

FL-FR 
ratio 

EX-FR 
ratio 

Control 111 (17) 5.7 (1.5) 2.5 (.7) 5.0 (1.9) 

LBP 113 (16.7) 7.7 (4.7) 2.2 (1.3) 4.3 (2.7) 

 

While ROM was similar between control and LBP groups,  
 

 

 

 

 

 

 |------------------ 4 seconds ----------------------| 4 seconds |------------------ 4 seconds ----------------------|  

Figure 1. The experimental movement, forward bending from standing, static full flexion and extension returning to standing. 
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the activity of the lumbar ES was less in controls than  
those with LBP, suggesting more “guarding” behavior in the 
LBP group. The FL-FR and EX-FR ratios were also greater  
in the controls, likely due to the lower activity in this phase 
relative to either flexion or extension phases as compared to 
the LBP group. And the relative magnitudes of the extension 
to flexion EMG, as evident in the ratios are typical, 
reflecting differences in activation during concentric and 
eccentric contraction, respectively. 
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Figure 2. Example of lumbar EMG activity with, a) FR 
present, and b) FR absent. 
 
The change of behavior of flexion relaxation caused by pain 
is depicted in Figure 2.  This data was collected from one 
LBP participant at two different sessions. In Figure 2a. there 
is a clearly defined quiescent phase during full static flexion, 
and the participant reported no pain (pain score = 0). By 
contrast in Figure 2b elevated activity was observed during 
this phase at a session when the participant reported a pain 
score of 4.  
 
The analysis of the correlations provided interesting results. 
Correlations between the physical measures (EMG ratios), 
and the concurrent self-reports of pain and function (BPFS) 
allow for examination of how well the various measures 
compare when measured as over time during a LBP episode. 
The data in Table 2 allows for such exploration.   
 

Table 2.  Correlations of EMG ratios to pain and function 
for the Transient, Recurrent and Chronic pain groups. 
Significantly different groups (p<0.05), indicated in bold, 
and groups designation noted by superscript. 
 

  Correlation of ratios to 
Von Korff   Pain Score Function (BPFS) 

classification n FL-FR EX-FR FL-FR EX-FR 

Transient 8 -0.38A -0.38A 0.45 0.50A 

Recurrent 17 -0.15 -0.19 0.16 0.22 

Chronic 8 0.17B 0.10B -0.06 0.01B 

 

 
Post hoc analyses showed significant differences between  
FL-FR and EX-FR ratios to pain scores and function rating 
between Transient and Chronic groups, but not for the 
Recurrent group.  
 
Several notable features can be observed from this data.  
As would be expected, correlations between the FR ratios 
for both the forward bending and extension phases show a 
relatively strong inverse relationship to pain report, and 
positive correlation with function, in the Transient group. 
Thus, in this group, as pain decreases, the ratio of EMG 
activity during both active phases to the static flexion phase 
increases, reflecting a more normal behavior. The strength of 
the relationship is stronger yet between the ratios and 
function reports over time.  These relationships are not seen 
in the chronic group, possibly because either physiologic or 
perceptual changes do not allow for relaxation during 
flexion, when ligamentous structures bear the tissue loads. 
This speculation is strengthened by the fact that the 
measures for the Recurrent group, who by definition are 
intermediate to the other groups, were also intermediate in 
response. Also of note, and worthy of further consideration 
is the relatively stronger correlations observed for the 
extension phase than for forward bending. 
 
By comparing the strength of these correlations between 
participant groupings based on their pain history has allowed 
us to draw some preliminary conclusions as to how an 
individual’s perception or physiologic response to pain may 
vary relative to the activation patterns of the erector spinae.  
Further study of these behaviors could lead to knowledge 
that might help guide the help guide the management of 
LBP.   
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