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A B S T R A C T   

Background: Trunk muscle activity and thoraco-lumbar kinematics can discriminate between non-specific chronic 
low back pain (NSCLBP) subgroups and healthy controls. However, research commonly focuses on lumbar ki
nematics, with limited understanding of relationships between kinematics and muscle activity across clinical 
subgroups. Similarly, the thoracic spine, whilst intuitively associated with NSCLBP, has received less attention 
and potential relationships between spinal regions and muscle activity requires exploration. 
Research question: Is there a relationship between trunk muscle activation and regional thoracic and lumbar 
kinematics in NSCLBP subgroups during a forward bending task? 
Methods: Observational, case-control study. Fifty subgrouped NSCLBP motor control impairment participants (27 
Flexion Pattern (FP-MCI), 23 Active Extension Pattern (AEP-MCI)) and 28 pain-free controls were evaluated 
using 3D motion analysis (Vicon™) and surface electromyography during a forward bending and return to 
upright task. Mean sagittal angles for the upper-thoracic (UTx), lower-thoracic (LTx), upper-lumbar (ULx) and 
lower-lumbar (LLx) regions were compared with normalised (% sub-maximal voluntary contraction) mean 
amplitude electromyography of bilateral transversus abdominis/internal oblique, external oblique, superficial 
lumbar multifidus and erector spinae (longissimus thoracis) muscles between groups. Pearson correlations were 
computed to assess relationships (significance p < 0.01). 
Results: AEP-MCI individuals demonstrated statistically significant relationships between superficial lumbar 
multifidus and ULx and LLx kinematics (− .812 to.659). FP-MCI individuals exhibited statistically significant 
relationships between erector spinae and superficial lumbar multifidus and LLx and LTx kinematics (− .686 
to.664) in both task phases, and between external oblique and LTx during forward bending) (− .459 to.572). 
Correlations were moderate to strong for all significant relationships (− .812 to .664). 
Significance: Relationships between muscle activity and regional spinal kinematics varied between NSCLBP 
subgroups, suggesting that those with flexion- or extension-related LBP adopt different motor control strategies 
when performing a bending task. As effectively mechanical biomarkers, these findings may inform treatment by 
improving understanding of varied motor strategies in subgroups.   

Abbreviations: AEP, Active Extension Pattern; BMI, Body Mass Index; EMG, Electromyography; EO, External Oblique; ES, Erector Spinae (Longissimus Thoracis); 
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Non-Specific Chronic Low Back Pain; ROM, Range of Movement; TrA/IO, Transversus Abdominis / Internal Oblique; SD, Standard Deviation; sEMG, Surface 
Electromyography; SLM, Superficial Lumbar Multifidus; SMVC, Sub-Maximal Voluntary Contraction; ULx, Upper Lumbar; UTx, Upper Thoracic; VAS, Visual 
Analogue Scale. 
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1. Background 

Evaluation of trunk muscle activity and thoraco-lumbar kinematics 
have been shown to discriminate between non-specific chronic low back 
pain (NSCLBP) subgroups, as well as between NSCLBP and healthy 
controls [1,2]. Clinically, these NSCLBP motor control impairment 
(MCI) subgroups have been commonly observed with opposing direc
tional preference patterns of motion in the sagittal plane (e.g. flexion 
pattern MCI (FP-MCI), active extension MCI (AEP-MCI) subgroups) [3]. 
O’Sullivan [4] has proposed that FP-MCI is associated with poor control 
and activity of the spinal stabilising musculature, whereas AEP-MCI is 
associated with increased spinal muscle activity and subsequently, 
increased spinal loading. This clinical classification system utilises a 
multidimensional approach [3], has established reliability and validity 
[5–7] and has repeatedly been shown to highlight biomechanical dif
ferences between subgroups [1, 8–11]. 

However, focus has typically been placed on lumbar kinematics, with 
only limited research exploring relationships between kinematics and 
muscle activity in these clinical subgroups [1,2,10,12]. For example, 
imbalances in muscle activation during prolonged aggravating postures, 
such as sustained flexion during cycling, may be a causal mechanism for 
maladaptive spinal kinematics and increased spinal loading leading to 
Low back pain (LBP) [13]. Further, the literature provides many ex
amples of co-dependence between the movements of different anatom
ical regions, for example the differences shown in lumbo-pelvic hip 
kinematics between those with and without LBP [14–17]. 

Individuals with LBP have been shown to exhibit less well co- 
ordinated lumbar spinal motion and reduced flexion-relaxation re
sponses in multifidus during bending activities [18], however, few 
studies investigate regional spinal kinematics (including the thoracic 
spine) and multiple trunk muscles (including the abdominals) concur
rently. Such investigations would enable identification of aberrant 
postures/muscle activities as an underpinning mechanism for persistent 
LBP to inform more effective preventative and responsive management 

strategies. 
Changes in kinematics in one region of the spine can directly affect 

the kinematics of those nearby [19]. Thoracic biomechanics, whilst 
intuitively associated with NSCLBP, have however received less atten
tion in the literature, and the possibility of relationships between 
regional spinal kinematics (upper and lower thoracic and lumbar spine) 
and trunk muscle activity remains an area for exploration [20]. 

The separation of the spine into regions is advocated, as without 
evaluation of regions, important kinematic data can be missed [1,2,21]. 
A recent investigation demonstrated that the lower lumbar region con
tributes significantly more to range of motion (ROM) than the upper 
lumbar region during forward flexion and lifting exercises [22], sug
gestive of a compensatory function between regions [23]. This phe
nomenon has been demonstrated in lumbo-pelvic kinematics with 
lumbar dominant and pelvic dominant patterns shown in healthy par
ticipants [24], however there is an apparent lack of investigation into 
relationships between regional lumbar and thoracic kinematics. 
Thoracic movement is expected to occur prior to lumbar movement 
onset [25] and hence is likely to play a pivotal role in the development of 
maladaptive spinal behaviours. 

Previous studies investigating trunk muscle electromyography 
(EMG) activity and spinal kinematics concurrently have focused on the 
lumbar spine in isolation [20], or the lumbar-pelvic complex with a 
focus on the erector spinae muscles [26]. du Rose and Breen [20] pro
vided an inter-vertebral insight into spinal interactions and demon
strated clear relationships between the sagittal ROMs of upper (L2-L3 
and L3-L4) and lower (L4-L5) lumbar regions. Their work demonstrated 
that when lumbar erector spinae muscle activity increases relative to 
that of thoracic erector spinae there is a reduction in the maximal 
intervertebral motion at L4–5 which is suggestive of regional compen
sation strategies. 

The purpose of this study was to explore the relationships between 
trunk muscle activation and regional thoracic and lumbar kinematics in 
two clinical NSCLBP subgroups - AEP-MCI and FP-MCI (as proposed by 
O’Sullivan [4]) - and healthy controls during a forward bending task. 

2. Methods 

This study is a secondary analysis of previously published papers 
exploring the kinematics and muscle activity of NSCLBP and healthy 
controls during functional tasks [1,2]. 

Ethical approval was obtained from The Research Ethics Committee 
3 Wales (10/MRE09/28) within the Biomechanics and Bioengineering 
Centre Versus Arthritis, Cardiff University, UK. Data collection was 
conducted at the Research Centre for Clinical Kinesiology, School of 
Healthcare Sciences, Cardiff University. 

50 NSCLBP patients (27 FP-MCI, 23 AEP-MCI aged 18–65) were 
recruited from routine physiotherapy waiting lists within the Cardiff and 
Vale University Health Board, Cardiff, UK. 28 healthy participants aged 
18–65 were also recruited from students and staff at Cardiff University 
and members of the local community. Written informed consent was 
obtained from all participants. Sample size calculation is reported 
elsewhere [1]. Full details of inclusion and exclusion criteria are 
included in the supplementary data file. 

Only participants classified as FP-MCI or AEP-MCI were included. 
Classification was achieved via agreement between RH and LS, muscu
loskeletal physiotherapists trained in the subclassification approach. To 

Fig. 1. Forward Bending to pick up a pen (and return to upright).  

Table 1 
Participant baseline characteristics across groups.  

Variable AEP-MCI FP-MCI Healthy Significance 
(n = 23) (n = 27) (n = 28) 

Gender Male 4 (17.4 
%) 

21 (77.8 
%) 

12 (42.9 
%) 

p < 0.01* 

Female 19 (82.6 
%) 

6 (22.2 
%) 

16 (57.1 
%) 

Age (years) 43.7 
(11.2) 

41.0 
(10.0) 

38.5 
(11.2) 

p = 0.238 

BMI (kg/m2) 20.8 (4.9) 23.4 (3.5) 21.5 (4.1) p = 0.127 
Site of Back 

Pain N(%) 
Right 8 (34.8 

%) 
5 (18.5 
%) 

- - 

Left 2 (8.7 %) 3 (11.1 
%) 

Central 13 (56.4 
%) 

19 (70.4 
%) 

Pain score (VAS) 4.6 (1.4) 4.5 (1.4) - p = 0.986 

Key: FP = Flexion pattern motor control impairment, AEP-MCI = Active 
extension pattern motor control impairment, H = Healthy, BMI = Body Mass 
Index (mass (kg)/height (m)2), *significant difference (p < 0.01), VAS = Visual 
Analogue Scale 
(Note: Values are mean (Standard Deviation) unless otherwise stated) 
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establish NSCLBP classification a comprehensive subjective and objec
tive assessment was conducted, which included a series of video- 
recorded functional movements of the spine which were used for anal
ysis between clinicians’ post-data collection. Location of pain was 
recorded on a body chart. Full assessment procedures are published 
elsewhere [4,27]. The key clinical features of these subgroups are out
lined in the supplementary data file. Gender, age, BMI and a patient 
reported measure for pain (Visual Analogue Scale (VAS)) [28] were 
collected at baseline. 

3. Data collection 

3.1. Motion analysis 

An 8-camera Vicon 3D motion -analysis system evaluated sagittal 
angles in 4 sub-divided spinal regions (upper thoracic (UTx), lower 
thoracic (LTx), upper lumbar (ULx) and lower lumbar (LLx)). Data was 
captured at a sampling frequency of 100 Hz. Spherical retro-reflective 
markers (10 mm) were attached over the: spinous processes of C7, T2, 
T4, T6, T8, T10, T12, L2, and L4, and bilaterally over the anterior su
perior iliac spine, posterior superior iliac spine and iliac crest. Addi
tional markers were placed on the manubrium sterni (superior border); 
acromioclavicular joint (bilaterally); ulna styloid process (bilaterally); a 
point 10 cm lateral of T12 (bilaterally), lateral knee joint line (between 
the tibial plateau and femoral condyle) (bilaterally); and lateral mal
leolus (bilaterally). 

3.2. Electromyography 

Surface Electromyography (sEMG) data was collected through an 8 
Channel Bortec EMG system, synced with Vicon® Nexus. Electrodes 
were placed parallel to the muscle fibres of the Erector Spinae (Long
issimus Thoracis) (ES), superficial Lumbar Multifidus (SLM), External 
Oblique (EO) and Transversus Abdominis / Internal Oblique (TrA/IO) 
bilaterally as described elsewhere [2]. Differential pre-amplifiers with 
fixed gain of 500, input impedance of 1OGOhm, common rejection ratio 
set at 115 dB and a sampling frequency of 1000 Hz were used [29,30]. 
sEMG data was normalised to sub-maximal voluntary contractions 
(SMVC) as SMVC may be more valuable and reliable in chronic LBP 
populations compared to the use of maximal voluntary contractions [29, 
31]. A crook-lying double leg raise was used to achieve SMVC of the 
abdominal muscles (knees 90◦, hips 45◦, feet lifted approximately 1 cm 
off the bed, held for 3 s). For the ES and SLM muscles, SMVC values were 
obtained from a prone lying double knee lift, with the participant lying 
prone on the plinth (knees 90◦, knees lifted approximately 5 cm off the 
bed, held for 3 s) [29]. Three SMVCs were recorded over 3 s with a 30 s 
rest between trials. 

3.3. Task protocol 

A functional bending task was evaluated in two phases (forward 
bending to pick up a pen from the floor and return to upright from 
picking up a pen) (Fig. 1). 

Table 2 
Pearson’s correlations between regional spinal kinematics and normalised (%SMVC) EMG of the trunk muscles across in the AEP-MCI group during forward bending to 
pick up a pen and return to upright.  

AEP-MCI Spinal Region Midpoint Sagittal Spinal Angle (degrees) 
Mean (SD) 

Muscle Muscle Activity (%SMVC) 
Mean (SD) 

Correlations Significant 
Relationships 
(p < 0.01) 

r p  

Pick up pen (forward 
bend) 

Upper 
Thoracic 

17.2 (10.5) EO 52.9 (26.5)  -.077 .777  
IO 73.3 (61.5)  -.026 .919  
ES 25.5 (24.3)  -.216 .524  
SLM 45.6 (82.2)  .123 .662  

Lower 
Thoracic 

20.4 (9.9) EO 52.9 (26.5)  -.032 .905  
IO 73.3 (61.5) .225  .369  
ES 25.5 (24.3) -.309  .355  
SLM 45.6 (82.2) -.119  .673  

Upper 
Lumbar 

-1.6 (7.0) EO 52.9 (26.5)  -.151 .576  
IO 73.3 (61.5) .098  .698  
ES 25.5 (24.3) -.344  .300  
SLM 45.6 (82.2) -.807*  .000 ↑ext = ↑SLM activity 

Lower 
Lumbar 

-5.2 (16.3) EO 52.9 (26.5)  -.119 .661  
IO 73.3 (61.5) -.062  .806  
ES 25.5 (24.3) .394  .231  
SLM 45.6 (82.2) .643*  .010 ↑ext = ↓SLM activity 

Pick up pen (return to 
upright) 

Upper 
Thoracic 

14.3 (11.5) EO 53.1 (28.0)  .026 .923  
IO 74.5 (59.7)  .006 .980  
ES 25.8 (23.7)  -.273 .416  
SLM 47.5 (88.1)  .15 .594  

Lower 
Thoracic 

19.0 (8.7) EO 53.1 (28.0)  .048 .860  
IO 74.5 (59.7) .259  .299  
ES 25.8 (23.7) -.303  .365  
SLM 47.5 (88.1) -.086  .760  

Upper 
Lumbar 

-1.9 (7.3) EO 53.1 (28.0)  -.211 .433  
IO 74.5 (59.7) -.038  .882  
ES 25.8 (23.7) -.213  .529  
SLM 47.5 (88.1) -.812*  .000 ↑ext = ↑SLM activity 

Lower 
Lumbar 

-5.3 (15.2) EO 53.1 (28.0)  -.12 .659  
IO 74.5 (59.7) -.112  .657  
ES 25.8 (23.7) .347  .296  
SLM 47.5 (88.1) .659*  .007 ↑ext = ↓SLM activity 

Key: EO = external obliques, IO = internal obliques, ES = erector spinae (longissimus thoracis), SLM = superficial lumbar multifidus, AEP-MCI = active extension 
pattern, FP-MCI = flexion pattern, p = p-value, %SMVC = % sub-maximal voluntary contraction, r = r-value (correlation coefficient), SD = standard deviation, ext =
extension, flex = flexion, ↑ = increased, ↓ = decreased 
Note: Negative correlations indicate an inverse relationship between muscle activity and spinal movement. 
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3.4. Data processing and analysis 

Data processing was conducted in Vicon Nexus (Nexus 1.8.2 Vicon 
Motion Systems, Oxford, UK). Results were calculated for both phases of 
the forward bending task (i.e., forward bend and return to upright). The 
kinematic outcomes of interest in this study were the midpoint sagittal 
spinal angles for the UTx (C7-T6), LTx (T6-T12), ULx (T12-L3) and the 
LLx (L3-S2) spinal regions. For the sEMG data, outcomes of interest were 
the mean amplitude (%SMVC) of the SLM, LT, TrA/IO and EO muscles 
during the forward bending and return to upright tasks. Full data pro
cessing and analysis procedures are detailed in the Supplementary Data 
File. 

Statistical analyses were performed in SPSS (IBM SPSS Statistics 26). 
Pearson’s chi-square test [32–34] was used to evaluate differences in 
gender between groups. sEMG data analyses were performed on the 
average values of the left and right sides combined [35] due to the 
symmetrical nature of the task. Pearson correlations were computed to 
assess relationships between mean sagittal angle for the UTx, LTx, ULx 
and LLx regions and normalised (% sub-maximal voluntary contraction) 
mean amplitude sEMG of trunk musculature (SLM, LT, TrA/IO and EO) 
between groups. The alpha level was set at 0.01 due to multiple corre
lation analyses being used and the potential risk of type 1 errors. Cor
relation coefficients were interpreted as follows: 0.0–0.1 negligible, 
0.10–0.39 weak, 0.40–0.69 moderate, 0.70–0.89 strong, 0.9–1.0 very 
strong [36]. A positive r-value indicates that operating in relatively 
greater flexion in that region is associated with an increase in muscle 
activity. Negative r-values indicate that muscle activity and movement 

are inversely related. 

4. Results 

4.1. Participant demographics 

23 AEP-MCI, 27 FP-MCI and 28 healthy individuals completed data 
collection. Participant baseline characteristics are presented in Table 1. 
No significant between group differences were noted for age or body 
mass index (BMI). The location of the LBP was similarly reported be
tween LBP groups. No significant differences between AEP-MCI and FP- 
MCI groups in VAS scores were observed (Table 1). 

4.2. Relationships between spinal kinematics and muscle activity 

Correlations were moderate to strong, with the strongest negative 
correlation being r = − .812 and the strongest positive correlation being 
r = 0.664. 

The correlation of spinal kinematic data with muscle activity are 
shown in Tables 2–5. 

AEP-MCI: Significant relationships between SLM and ULx and LLx 
kinematics were identified in the AEP-MCI group (Table 2 and Table 5), 
where operating in relatively greater extension in the ULx was associ
ated with increase in SLM activity and operating in relatively greater 
extension in the LLx was associated with reduction in SLM activity, both 
during the forward bend and returning to upright (p < 0.01). 

FP-MCI: Multiple significant relationships were demonstrated in the 

Table 3 
Pearson’s correlations between regional spinal kinematics and normalised (%SMVC) EMG of the trunk muscles across in the FP-MCI group during forward bending to 
pick up a pen and return to upright.  

FP-MCI Spinal Region Midpoint Sagittal Spinal Angle (degrees) 
Mean (SD) 

Muscle Muscle Activity (%SMVC) 
Mean (SD) 

Correlations  

r p Significant 
Relationships 
(p < 0.01) 

Pick up pen (forward 
bend) 

Upper 
Thoracic 

19.2 (9.0) EO 51.8 (27.5) .508 .019  
IO 68.9 (40.9) .315 .189  
ES 22.2 (16.8) .215 .337  
SLM 19.8 (19.1) .231 .302  

Lower 
Thoracic 

26.4 (6.6) EO 51.8 (27.5) .572* .007 ↑flex = ↑EO activity 
IO 68.9 (40.9) .43 .066  
ES 22.2 (16.8) .561* .007 ↑flex = ↑ES activity 
SLM 19.8 (19.1) .664* .001 ↑flex = ↑SLM activity 

Upper 
Lumbar 

4.3 (6.3) EO 51.8 (27.5) .329 .170  
IO 68.9 (40.9) .448 .071  
ES 22.2 (16.8) .146 .528  
SLM 19.8 (19.1) .155 .514  

Lower 
Lumbar 

-5.4 (11.9) EO 51.8 (27.5) -.459 .042  
IO 68.9 (40.9) -.468 .050  
ES 22.2 (16.8) -.686* .000 ↑flex = ↓ES activity 
SLM 19.8 (19.1) -.462 .035  

Pick up pen (return to 
upright) 

Upper 
Thoracic 

15.1 (8.5) EO 50.8 (27.0) .541 .011  
IO 68.9 (42.2) .3 .212  
ES 22.5 (17.2) .195 .385  
SLM 19.7 (18.5) .245 .272  

Lower 
Thoracic 

25.0 (6.1) EO 50.8 (27.0) .529 .014  
IO 68.9 (42.2) .285 .237  
ES 22.5 (17.2) .501 .018  
LM 19.7 (18.5) .652* .001 ↑flex = ↑LM activity 

Upper 
Lumbar 

3.9 (6.2) EO 50.8 (27.0) .27 .264  
IO 68.9 (42.2) .419 .094  
ES 22.5 (17.2) .044 .851  
LM 19.7 (18.5) .068 .776  

Lower 
Lumbar 

-4.8 (13.1) EO 50.8 (27.0) -.444 .050  
IO 68.9 (42.2) -.429 .076  
ES 22.5 (17.2) -.657* .001 ↑flex = ↓ES activity 
LM 19.7 (18.5) -.486 .025  

Key: EO = external obliques, IO = internal obliques, ES = erector spinae (longissimus thoracis), LM = superficial lumbar multifidus, AEP-MCI = active extension 
pattern, FP-MCI = flexion pattern, p = p-value, %SMVC = % sub-maximal voluntary contraction, r = r-value (correlation coefficient), SD = standard deviation, ext =
extension, flex = flexion, ↑ = increased, ↓ = decreased 
Note: Negative correlations indicate an inverse relationship between muscle activity and spinal movement 
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FP-MCI group (Table 3 and Table 5). Significant relationships between 
ES and LLx kinematics were identified, where operating in relatively 
greater flexion in the LLx was associated with a reduction in ES activity. 
In the LTx region significant relationships were observed with SLM 
where operating in relatively greater flexion in the LTx was associated 
with an increase in SLM activity both during the forward bend and 
returning to upright (p < 0.01). Additionally increased flexion in the 
LTx during the forward bend was associated with an increase in both EO 
and ES activity (p < 0.01). 

Healthy: No significant relationships were observed in healthy con
trols (Table 4 and Table 5). 

Summary of results: Table 5 summarises the significant relationships 
observed and direction of each relationship for each group, muscle and 
spinal region. The greatest number of relationships between kinematics 
and muscle activity were observed in the FP-MCI group, followed by the 
AEP-MCI group, with none observed in the healthy group. 

5. Discussion 

5.1. Flexion pattern 

The contrasting relationships between muscle activity and kine
matics in the LLx and LTx regions in the FP-MCI group is potentially 
illustrative of unique adaptive strategies in this subgroup. These re
lationships may be either a protective mechanism preventing pain 
aggravation[37] or a mal-adaptive strategy driving the pain disorder[3]. 
Whilst the causative effect and nature of those movement adaptations is 
not possible to detect from this study design, the results indicate 

granularity within both movement strategies and its likely nature 
(adaptive or mal-adaptive) warranting further study. Knowing the exact 
mechanism underlying the movement strategies adopted by individuals 
with NSCLBP would be beneficial to tailor LBP exercise protocols. 
Further, the observed relationships between muscle activity and kine
matics in the LTx region in the FP-MCI group highlights the possible 
importance of regional thoracic measurements in LBP patients. 

5.2. Active extension pattern 

The results from the AEP-MCI group implies that those who extend 
from the ULx are likely to activate SLM to maintain this position during 
the forward bend and return to upright task phases, whilst those with 
greater relative extension in the LLx likely employ other strategies to 
maintain LLx extension. Also of interest was that the SLM muscle activity 
in the AEP-MCI group was associated with movement in the LLx. The 
muscle and kinematic relationships shown differed to that of the FP-MCI 
group, in that operating in greater extension in the LLx was associated 
with increased SLM muscle activity in the AEP-MCI group, whilst 
operating in greater flexion in the LLx in the FP-MCI group was associ
ated with a reduction in ES activity. 

5.3. Potential mechanisms underlying the differential relationships 
between kinematics and muscle activity in subgroups of LBP 

The feedback control mechanisms, and subsequent stabilisation of 
the lumbar spine during movement is dependent on numerous individ
ual parameters [38], and as a result it is likely that inter-individual 

Table 4 
Pearson’s correlations between regional spinal kinematics and normalised (%SMVC)EMG of the trunk muscles across in the control group during forward bending to 
pick up a pen and return to upright.  

Control Spinal Region Midpoint Sagittal Spinal Angle (degrees) 
Mean (SD) 

Muscle Muscle Activity (%SMVC) 
Mean (SD) 

Correlations  

r p Significant 
Relationships 
(p < 0.01) 

Pick up pen (forward 
bend) 

Upper 
Thoracic 

18.8 (8.2) EO  40.5 (17.5)  -.071  .772  
IO  74.4 (67.3)  .079  .713  
ES  21.4 (11.1)  -.362  .082  
SLM  13.8 (6.8)  -.308  .163  

Lower 
Thoracic 

20.4 (7.4) EO  40.5 (17.5)  .397  .093  
IO 74.4 (67.3)  .255  .23   
ES 21.4 (11.1)  -.226  .289   
SLM 13.8 (6.8)  .528  .012   

Upper 
Lumbar 

0.1 (5.3) EO  40.5 (17.5)  -.357  .133  
IO 74.4 (67.3)  .175  .414   
ES 21.4 (11.1)  -.255  .229   
SLM 13.8 (6.8)  .193  .39   

Lower 
Lumbar 

-2.2 (10.3) EO  40.5 (17.5)  -.278  .25  
IO 74.4 (67.3)  .174  .415   
ES 21.4 (11.1)  .144  .501   
SLM 13.8 (6.8)  .363  .097   

Pick up pen (return to 
upright) 

Upper 
Thoracic 

15.6 (9.1) EO  41.6 (17.5)  -.12  .624  
IO  66.7 (64.2)  .081  .728  
ES  21.0 (10.5)  -.392  .058  
SLM  13.9 (6.8)  -.308  .164  

Lower 
Thoracic 

19.3 (7.6) EO  41.6 (17.5)  .355  .136  
IO 66.7 (64.2)  .439  .046   
ES 21.0 (10.5)  -.24  .258   
SLM 13.9 (6.8)  .39  .073   

Upper 
Lumbar 

1.1 (5.4) EO  41.6 (17.5)  -.112  .649  
IO 66.7 (64.2)  .338  .134   
ES 21.0 (10.5)  -.256  .228   
SLM 13.9 (6.8)  .288  .193   

Lower 
Lumbar 

-2.5 (10.0) EO  41.6 (17.5)  -.285  .237  
IO 66.7 (64.2)  -.028  .902   
ES 21.0 (10.5)  .221  .299   
SLM 13.9 (6.8)  .292  .188   

Key: EO = external obliques, IO = internal obliques, ES = erector spinae (longissimus thoracis), SLM = superficial lumbar multifidus, AEP-MCI = active extension 
pattern, FP-MCI = flexion pattern, p = p-value, %SMVC = % sub-maximal voluntary contraction, r = r-value (correlation coefficient), SD = standard deviation 
Note: Negative correlations indicate an inverse relationship between muscle activity and spinal movement 
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differences alter mechanisms of motor control and modifed kinematics 
[39]. This study supports the previous kinematic investigations where 
FP and AEP related LBP were shown to adopt different motor control 
strategies during bending [1,2]. Previous work examining muscle ac
tivity in this cohort showed no clear patterns of activity in these NSCLBP 
subgroups [1,2], however this secondary analysis suggests that when the 
trunk musculature is considered in conjunction with the regional spinal 
kinematics there are notable, and different motor control strategies 
employed between NSCLBP subgroups. 

The varied interactions between spinal kinematics and muscle ac
tivity in people with and without LBP are widely recognised. For 

example, electrical silence of ES is notably reduced or absent in the 
people with LBP suggesting a protective ‘guarding’ response through 
increased ES activity [18,26]. The findings of this study suggest that 
there may be other interactions such as decreased ES activity when 
flexion occurs in lower lumbar spine and increased SLM activity when 
flexion occurs in the lower thoracic region in people with FP-MCI who 
find flexion tasks largely pain provoking. Such kinematic and muscle 
activation patterns may therefore act as biomarkers, with kinematic and 
muscle activation relationships specific to individual subgroups. As 
effectively mechanical biomarkers, such findings may be useful to help 
inform treatment. If the same associations that are distinct to each 
subgroup can be demonstrated during further activities of daily living, 
such results would support the need for specificity in active physical 
interventions. 

Whilst there are those that argue against pursuing subgroups, stating 
that there is little evidence to suggest that individualised treatments 
produce better outcomes [40], this study provides further evidence of 
biomechanical relationships that appear to differentially exist between 
NSCLBP subgroups. These strategies vary between MCI subgroups 
however there are some distinct similarities. For example, SLM activity 
appears to be influenced in both NSCLBP subgroups in response to 
increased lumbar extension in the AEP-MCI group and increased lower 
thoracic flexion in the FP-MCI group potentially highlighting the need 
for SLM training for NSCLBP MCI individuals irrespective of 
subgrouping. 

Where the subgroups differ is in the level of the muscle function 
response. In FP-MCI the associations between the muscle function and 
spinal kinematics reached significance in ES and SLM, whilst in AEP-MCI 
significant associations between muscle activity and kinematics was 
only reached for SLM. Some of those movement strategies are therefore 
likely adaptive (i.e., helpful) and some mal-adaptive (i.e., pain drivers). 
The reason for this could be the forward spine bending task itself. 
Flexion related activities are pain provoking only in FP-MCI and act as a 
pain-relieving movement for AEP-MCI patients thus triggering different 
muscle and kinematic responses. FP-MCI patients may have therefore 
found the task more challenging, thus developing strategies moving 
further way from a ‘pain free’ movement pattern. 

5.4. Limitations 

The gender split is reflective of previous subgrouped cohorts (FP- 
MCI: 77.8 % male, AEP-MCI: 82.6 % female), however such between- 
group gender differences could have confounded the results. Given the 
exploratory nature of this study, forward bend, the most commonly 
assessed movement clinically, was used as a single functional task that 
was assessed. Whilst considered sufficiently challenging for all in
dividuals with NSCLBP, forward bend predominantly triggers pain in 
people with FP–MCI and relieves pain in AEP-MCI. Participants in the 
current study were also encouraged to move using habitual movement 
strategies (e.g., knees flexed or extended) thus introducing variability 
which could partially explain the high standard deviation values 
observed in the kinematic results. 

The use of surface EMG to evaluate trunk muscle activity is a limi
tation particularly for detecting deeper lumbar muscles (e.g. SLM) 
potentially introducing crosstalk [41]. To mitigate this, rigorous 
standardisation processes including accurate electrode placement and 
processing of the raw EMG signals were followed according to stand
ardised and accepted recommendations [42]. 

5.5. Future research 

Future investigations evaluating muscle activity and kinematics 
should consider NSCLBP subgrouping and the importance of regional 
kinematics beyond the lumbar spine, indeed, inter-vertebral measure
ments may provide more accurate insights into the importance of 
regional information [20]. Additional studies are also required to 

Table 5 
Summary of the significant relationships (p < 0.01) observed across the three 
groups (AEP-MCI, FP-MCI and healthy control) during forward bending to pick 
up a pen and return to upright.   

Spinal 
region 

Muscle AEP-MCI FP-MCI Control   

Pick up pen 
(forward 
bend) 

Upper 
Thoracic 

EO     
IO     
ES     
SLM     

Lower 
Thoracic 

EO  ↑flex 
= ↑EO 
activity   

IO     
ES  ↑flex 

= ↑ES 
activity   

SLM  ↑flex 
= ↑SLM 
activity   

Upper 
Lumbar 

EO     
IO     
ES     
SLM ↑ext 

= ↑SLM 
activity    

Lower 
Lumbar 

EO     
IO     
ES  ↑flex 

= ↓ES 
activity   

SLM ↑ext 
= ↓SLM 
activity    

Pick up pen 
(return to 
upright) 

Upper 
Thoracic 

EO     
IO     
ES     
SLM     

Lower 
Thoracic 

EO     
IO     
ES     
SLM  ↑flex 

= ↑SLM 
activity   

Upper 
Lumbar 

EO     
IO     
ES     
SLM ↑ext 

= ↑SLM 
activity    

Lower 
Lumbar 

EO     
IO     
ES  ↑flex 

= ↓ES 
activity   

SLM ↑ext 
= ↓SLM 
activity    

Key: EO = external obliques, IO = internal obliques, ES = erector spinae 
(longissimus thoracis), SLM = superficial lumbar multifidus, AEP-MCI = active 
extension pattern, FP-MCI = flexion pattern, ext = extension, flex = flexion, ↑ =
increased, ↓ = decreased 
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determine if the relationships observed are replicated during, and 
throughout, other everyday tasks. 

6. Conclusions 

FP-MCI and AEP-MCI subgroups demonstrated different associations 
between regional kinematics of the spine and muscle activity. The re
sults are suggestive of varied compensatory behaviours between the 
spinal regions across NSCLBP subgroups indicating that regional insights 
are important for understanding biomechanical relationships in the 
spine. As effectively mechanical biomarkers, such findings may be useful 
to help personalise exercise rehabilitation approaches. 
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