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Discriminating Healthy Controls and Two Clinical
Subgroups of Nonspecific Chronic Low Back Pain
Patients Using Trunk Muscle Activation and
Lumbosacral Kinematics of Postures and Movements
A Statistical Classification Model
Wim Dankaerts, PhD,*† Peter O’Sullivan, PhD,‡ Angus Burnett, PhD,§ Leon Straker, PhD,‡
Paul Davey, BSc,‡ and Ritu Gupta, PhD‡

Study Design. Statistical Classification Model for nonspecific chronic low back pain (NS-CLBP) patients and
controls based on parameters of motor control.
Objective. Develop a Statistical Classification Model to
discriminate between 2 subgroups of NS-CLBP (Flexion
Pattern [FP] and Active Extension Pattern [AEP]) and a
control group using biomechanical variables quantifying
parameters of motor control.
Summary of Background Data. It has been well documented that many CLBP patients have motor control impairments of their lumbar spine. O’Sullivan proposed a
mechanism-based classification system for NS-CLBP with
motor control impairments a comprehensive subjective
and physical examination to establish the relationship
between pain provocation and spinal motor control. For
the FP and AEP s, 2 groups defined by O’Sullivan and
under investigation is this study, the motor control impairment is considered to be the mechanism maintaining
their CLBP. No previous studies have used a Statistical
Model with measurements of motor control impairment
to subclassify NS-CLBP patients.
Methods. Thirty-three NS-CLBP patients (20 FP and 13
AEP) and 34 asymptomatic subjects had synchronized
lumbosacral kinematics and trunk muscle activation recorded during commonly reported aggravating postures
and movements. Biomechanical variables were quantified and a Statistical Classification Model was developed.
Results. The Statistical Model used 5 kinematic and 2
electromyography variables. The model correctly classified 96.4% of cases.
Conclusion. Selected biomechanical variables were
predictors for subgroup membership and were able to
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discriminate the 3 subgroups. This study adds further
support toward the validation of the proposed classification system.
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Low back pain (LBP) is one of the most common and
costly musculoskeletal pain syndromes of modern society with up to 80% of people having LBP at some time in
their life.1,2 LBP often develops into a chronic fluctuating
problem with intermittent flares.3,4 In up to 85% of cases
there is no radiologic abnormality evident, so many patients are classified as having nonspecific chronic LBP
(NS-CLBP).5,6 The lack of success in defining subgroups
of patients has been offered as an explanation for the
inability to identify effective treatments for NS-CLBP.7,8
Thus, there have been strong recommendations to establish methods of classification that distinguish subgroups
of LBP from each other.7–9
It is now well accepted that LBP is a bio-psycho-social
problem.6,10 Recent critical appraisals and systematic reviews highlight that the majority of studies that relate to
the classification of LBP have focused on only a single
dimension of the LBP problem, rather than consideration
being given to its multiple dimensions.11–14 A multidimensional classification system has been proposed by
O’Sullivan15,16 for a subgroup of NS-CLBP where altered motor control is suggested to represent the underlying driving mechanism for the pain. It is hypothesized
that these subjects present with maladaptive motor behavior that exposes their spine to ongoing strain leading
to pain. This classification system describes 5 distinct
directional patterns of motor control impairment: Flexion Pattern (FP), Active Extension Pattern (AEP), Passive
Extension Pattern, Lateral Shifting Pattern, and MultiDirectional Pattern. It is suggested that each of these
patterns represent a subgroup of the larger NS-CLBP
population and a different intervention is proposed for
each pattern.15,16
The subgroups under investigation in this study are
the FP and AEP because previous research17 has established these are the 2 most common. Table 1 lists the
clinical features of both patterns. For a more detailed
description of all patterns see O’Sullivan.15,16
1
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Table 1. Inclusion Criteria and Clinical Features of
LBP Subjects
Inclusion criteria-NS-CLBP with motor control impairment of FP or AEP
!3-mo nonspecific LBP
Revised Oswestry score !15%
Pain localized to the lower lumbar spine (L4/L5 or L5/S1) region
Absence of “red flags” (specific causes of LBP such as cauda equina
syndrome or inflammatory disease)
Absence of dominant “yellow flags” (identification of beliefs,
emotions, and behaviors that interact with the pain problem)
Clear mechanical basis of the disorder (pain related to postures and
movements)
Associated impairments in the control of the motion segment(s) in the
provocative movement direction(s)
Absence of impaired movement of the symptomatic segment in the
painful direction of movement or loading (based on clinical joint
motion palpation examination)
Clinical diagnosis of a FP or AEP disorder, both clinicians
(independently) agreed on the diagnosis
Key clinical features-FP
Aggravation of symptoms with movements and postures involving
flexion of the lower lumbar spine
Loss of segmental lordosis at symptomatic level with posture and
movement, difficulty assuming, and/or maintaining neutral lordotic
postures with a tendency to flex lower lumbar spine
Decreased muscle tone in sLM assessed by manual palpation
Pain relief with spinal extension
Key clinical features-AEP
Aggravation of symptoms with movements and postures involving
extension of the lower lumbar spine
Excessive segmental lordosis at symptomatic level with posture and
movements
Difficulty assuming and/or maintaining neutral lordotic postures with a
tendency to position themselves into hyperextension
Increased muscle tone in sLM assessed by manual palpation
Pain relief with spinal flexion

From this research it is also clear that trained clinicians (physiotherapists and medical physicians) can reliably identify these subgroups.17 There is also growing
support for the validity of these patient subgroups with
recent studies revealing altered spinal repositioning
sense, adopting potentially provocative end range spinal
postures during sitting, altered spinal kinematics, and
abnormal muscle activation patterns among subgroups
consistent with the proposed classification system.18 –22
Careful analysis of spinal postures and movements,
reported to be provocative by the patient, are an important component of the proposed clinical classification
system as it evaluates how these factors influence the

Figure 1. Flow-chart of study
protocol developing a model
based on laboratory derived
measures for motor control to
discriminate and subclassify
subjects and testing its accuracy
versus the clinical examination
(“gold standard”).

specific presentation of LBP (in terms of provocation or
relief of pain).15 A process of “diagnostics” is used to
establish the relationship between pain provocation and
spinal motor control to enhance the accuracy of the classification system.23
However, these clinical assessments have not been
formally investigated. The logical next step in establishing the validity of this classification system is to determine whether spinal postures and movements do in fact
discriminate between clinically determined subgroups
with NSCLBP and healthy controls.
Synchronized recording of electromyography (EMG)
of selected trunk muscles and spinal kinematics have
been used frequently in the literature to describe the motor control of LBP patients compared with pain-free controls.24 –28 However, to date no studies have used such an
approach to subclassify the NS-CLBP population. Therefore, the aim of this study was to use these biomechanical
approaches to quantify parameters of motor control.
More specifically, the objective of the study was to develop a Statistical Classification Model and test its ability
to discriminate 2 subgroups of NS-CLBP (FP and AEP)
and a subgroup of pain-free controls using trunk muscle
activation and lumbosacral kinematics during postures
and movements, which were reported as pain aggravating in these clinical subgroups.
Materials and Methods
Motor control, as assessed by trunk muscle activation (EMG)
and lumbosacral kinematics, was recorded from subjects with
no-LBP and 2 clinically diagnosed subgroups of subjects with
NS-CLBP (FP and AEP) during common postures and movements. Data were used to develop a Statistical Classification
Model to compare the laboratory testing with the clinical diagnosis. Figure 1 outlines the experimental protocol.

Participants
Sixty-seven subjects participated in this study of which 34 were
healthy controls (no-LBP) and 33 had NS-CLBP with a classification of motor control impairment. Control subjects were a
convenience sample and consisted of University students, relatives of students, and personnel affiliated with the University.
They were excluded from the study if they had a history of LBP
or leg pain over the previous 2 years and/or had received previous postural education. NS-CLBP patients were recruited
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Table 2. Characteristics of Subjects per Group; Count (%) or Mean (SD)

Gender
Males
Females
Age (yr)
Weight (kg)
Height (m)
BMI (kg/m2)
VAS (24 h/10)
R-Oswestry (%)
TSK

No LBP Controls (n " 34)

Flexion Pattern (n " 20)

AEP (n " 13)

Group Differences Sign

18 (53%)
16 (47%)
32.0 (12.2)
68.4 (11.6)
1.71 (0.10)
23.3 (2.9)
—
—
—

16 (80%)
4 (20%)
35.7 (11.2)
80.1 (10.6)
1.80 (0.10)
24.6 (2.5)
4.2 (1.9)
36.6 (11.0)
40.2 (8.2)

5 (38%)
8 (61.5%)
39.9 (11.3)
72.8 (15.7)
1.70 (0.10)
24.2 (2.8)
5.7 (2.1)
41.2 (14.2)
41.3 (8.8)

*!2 " 6.4; P # 0.05
—
—
F2,67 " 2.3; P # 0.11
*F2,67 " 5.7; P # 0.05
F2,67 " 1.5; P # 0.36
F2,67 " 1.8; P " 0.22
t " 1.9; P " 20.06
t " 1.01; P " 0.31
t " 0.36; P " 0.72

BMI indicates body mass index; VAS, Visual Analogue Scale; R-Oswestry, revised Oswestry29; TSK, Tampa Scale of Kinesiophobia.30
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from a private orthopaedic clinic. Two clinicians (musculoskeletal physiotherapists) identified and subclassified the subjects
with NS-CLBP in a blinded manner. Patients were included in
the study when there was mutual agreement between clinicians
on a classification of FP or AEP (referred to as the gold standard). For logistical reasons, even though 3 other patterns of
motor control impairment are proposed, only patients with a
classification of FP and AEP were selected for this study. The
strict inclusion criteria for these subgroups and the characteristics of subjects in each subgroup are described in Tables 1 and
2, respectively. NS-CLBP patients underwent the laboratory
testing within a week of the clinical examination. Before testing, all subjects read and signed a consent form, which outlined
the testing protocol. The Human Research Ethics Committee
of Curtin University, Western Australia approved the study.

Experimental Protocol-Series of Functional Postures
and Movements

T3

Laboratory testing consisted of synchronized recordings of the
activation of 3 superficial trunk muscles and lumbosacral kinematics obtained from a series of postures and movements
known to aggravate LBP. These postures and movements were;
standing, forward bending and return, backward bending and
usual, and slumped sitting. The instructions used for testing are
listed in Table 3. For all tasks the average of 3 trials (each 5
seconds in duration) was used for further analysis. Range of
movement data were time normalized into quartiles of movement (0%–25%, 25%–50% etc.). To control the timing of all
movements a metronome was used.

● Sacral angle: inclination of the sensor at S2 relative to the
vertical.18,32 A larger positive angle indicates more posterior tilt of the sacrum.
● Lower lumbar angle (LLx): the angle between 2 intersecting lines, one indicating the inclination of the sensor at L3
and the other the inclination of the sensor at S2. A negative
LLx indicates lumbar lordosis.18
● Lumbar angle (Lx): the angle between 2 intersecting lines,
one indicating the inclination of the sensor at T12 and the
other the inclination of the sensor at S2. A negative Lx
indicates lumbar lordosis.18

Before processing the raw data, a customized quality control
program in conjunction with visual inspection was used to
detect and eliminate movement artifact. The above-mentioned
angles were calculated during the series of functional tests.
Trunk Muscle Activation. Trunk muscle activation (EMG)
data were sampled using an 8 channels Octopus Cable Telemetric system (Bortec Electronics Inc., Calgary, Canada) at 1000
Hz. The bandwidth was 10 to 500 Hz, and the common mode
rejection ratio was !115 dB at 60 Hz. All raw myoelectric
signals were preamplified and amplified with an overall gain of

Table 3. Description of Postures and Movements (With
Related Instructions) Used in Experimental Protocol
Task
Standing

Data Collection and Management
Lumbosacral Kinematics. Lumbosacral kinematic data were
recorded using the 3-Space Fastrak (Polhemus Navigation Science Division, Kaiser Aerospace, VT). The Fastrak system is a
noninvasive electromagnetic device, which measures the position and orientation of points in space. This apparatus has been
shown to be both reliable and valid for measurement of transducer movement with an accuracy of 0.2°.31 Sensors were
placed on the skin over the spinous processes of T12, L3, and
S2 using double-sided tape (Norton Pty Ltd, NSW, Australia)
and Fixomull sports tape (Beiersdorf AG, Hamburg, Germany)
with the participant in slight spinal flexion to minimize displacement caused by skin movement.
Data were collected at 25 Hz using a customized program
written in LabVIEW V6.1 (National Instruments, Richardson,
TX). Three lumbosacral angles were calculated in the sagittal
plane as follows.

Forward bending
and return

Backward
bending
Usual sitting*
Slumped sitting*

Instructions Given to Subjects
“Stand still with feet shoulder-width apart, knees
straight and arms hanging freely, look
forward.”
“With feet shoulder-width apart, knees straight
and arms hanging freely bend forward in 5
sec as far as possible, like touching your toes,
pause for 5 sec at the end, and then rise in 5
sec to upright posture, keep knees straight all
the time.”
“With feet shoulder-width apart, knees straight
and arms hanging freely, bend backwards in 5
sec as far as possible, pause for 5 sec at the
end.”
“Sit how you would usually sit on a stool like
this.”
“Sit and slouch your back, try to fully relax.”

*Participants sat on a stool (with no back support) with a flat, horizontal
surface. The height of the stool was adjusted to ensure that the participants’
upper legs were horizontal and the lower legs vertical. The feet were positioned shoulder width apart with arms hanging relaxed next to the thighs.
Participants viewed a visual target set 1.5 m in front, at eye level, to standardize the head posture.
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2000. Data were collected on a computer running LabVIEW
V6.1 (National Instruments). Pairs of self-adhesive disposable
Ag/AgCl (Red Dot, 3 M Health Care Products, London, Canada) disc surface electrodes with an electrical contact surface of
1 cm2 were placed parallel to the muscle fibers with a centerto-center spacing of 2.5 cm. Snap leads were used to connect
the surface electrodes to the preamplifiers. Skin preparation for
sEMG was according to Hermens et al.33,34
Pairs of surface electrodes were bilaterally positioned over 3
trunk muscles as follows:
● Transverse fibers of internal oblique: 1 cm medial to the
anterior superior iliac spine and beneath a line joining both
anterior superior iliac spines.35
● Superficial fibers of lumbar multifidus (sLM): at L5 level
and aligned parallel to the line between the posterior superior iliac spine and the L1–L2 interspinous space.36
● Iliocostalis lumborum pars thoracis: above and below the
level of L1 spinous process midway between the midline and
the lateral aspect of the body.37
● A common earth electrode was placed over the left iliac crest.

Before processing the raw sEMG data, a customized program in conjunction with visual inspection was used to detect
and eliminate possible contamination by heartbeat and other
artifacts. Raw data were then demeaned, full-wave rectified,
and band pass filtered (4 and 400 Hz) using a fourth-order zero
lag Butterworth filter38 and a linear envelope was calculated
for each channel.
Surface EMG measurements for abdominal and back muscles were amplitude normalized to 2 standardized activities
designed to elicit a stable submaximal voluntary isometric contraction (sub-MVIC). These normalization procedures have
been described in detail elsewhere39 and have been shown to be
reliable both within-day and between-days.

T4

Parameters of Motor Control Used to Develop the Statistical
Classification Model. Several parameters describing aspects of
motor control of the lumbar spine were derived from laboratory testing. Table 4 provides an overview of all derived trunk
muscle activation and lumbosacral kinematic variables. These
parameters of motor control were based on those considered to
be most clinically important for the clinical decision-making
regarding the classification system15 and were used to develop
a Statistical Classification Model (see Statistical analysis). For
all sEMG variables statistical analyses were performed for left
and right sides. Preliminary analysis revealed that there was no
difference between sides, hence data from one randomly selected side (left) were subsequently used.
Reliability of the Laboratory Measurements. The intertrial reliability40 was assessed on all subjects and was excellent. For the
lumbosacral data, intraclass correlation coefficients(3,1) ranged
between 0.85 and 0.99 and the standard error of measurement
ranged from 0.7° to 5.1°. For sEMG data, intraclass correlation coefficients ranged between 0.87 and 0.99 and the standard error of measurement ranged from 0.05 to 0.18 (% of
sub-MVIC).

Statistical Analysis
Gender, age, weight, and body mass index were used as independent variables in all analyses. The ability of selected parameters of motor control to discriminate between subgroups (noLBP, FP, or AEP) compared with the clinical classification
(considered as the gold standard) was analyzed. Step-wise lin-

Table 4. Overview of Parameters of Motor Control*
Kinematic
Variables

EMG Variables

Standing
Forward bending
Q1
Q2
Q3
Q4
Fully bent
FRR
Return from forward bending
Q1
Q2
Q3
Q4
Backward bending
Q1
Q2
Q3
Q4
Fully bent
ERR
Sitting
Usual sitting
Slumped sitting
Usual slumped
FRR

TrIO

sLM

ICLT

SA

LLx

Lx

"
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"
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"
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"
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"

"*
"
"
—

"
"
"
—

"*
"
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—

* Trunk muscle activation (EMG) and lumbosacral kinematic variables used in
developing the statistical classification model.
† Used in final multivariate model (" predictors for subgroup membership).
Q indicates time normalized quartile; TrIO, transverse fibers of internal
oblique; ICLT, iliocostalis lumborum pars thoracis; SA, sacral angle; FRR,
flexion relaxation ratio; FRR sitting, average sEMG in usual sitting divided by
average activity in slumped sitting; FRR forward bending, average sEMG in
standing divided by average activity in full forward bending; ERR, Extension
Relaxation Ratio; ERR backwards bending, average sEMG in standing divided
by average activity in full backward bending.

ear discriminant analysis (LDA) was used to develop a Statistical Classification Model on all valid cases (n " 53).41 A valid
case was considered where a subject had no missing data from
the laboratory testing. LDA is a mathematical procedure to
determine which variables (referred to as “predictors”) discriminate between subgroups.42 LDA computes classification
functions that determine which subgroup each case most likely
belongs. Two functions were generated by this analysis as the
number of functions generated is equal to k-1, where k is the
number of subgroups.42 Each function allowed the computation of classification scores for each case with respect to each
subgroup. For each set of classification functions generated the
correlation between search variables were computed. None of the
variables included in the analysis presented high correlations.
Two methods were used to test the model’s validity. First, a
cross-validation procedure (leave-one-out method) was used to
validate the Model based on all valid cases.42 Second, a holdout validation was used to further test the robustness of the
Model. For the hold-out validation, 5 different random samples
(sample size $ 66%) were selected from all cases. The sample
selected (learning sample) and the cases not included in this
sample constituted a hold-out sample. The Statistical Classification Model was then developed for each learning sample and
its accuracy in classifying the hold-out sample was determined
and expressed as a percentage of correctly classified cases.
To enable interpretation of the model, standardized canonical discriminant function coefficients and standardized canon-
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ical discriminant scores were calculated, and univariate analysis was performed on each of the predictors independently
(descriptive statistics; ANOVA and post hoc Bonferroni; P #
0.05). All analyses were performed using SPSS V12.0.

Results
Multivariate Discrimination of Three Subgroups Using
Parameters of Motor Control

T5

Statistical Classification Model. Of the 117 parameters of
motor control outlined in Table 4 the LDA produced 7 predictors that were entered into the final Statistical Classification
Model (variables A-G in Table 5). The model developed was
as follows:

!

Model Accuracy and Validation. Table 6 reports on the
accuracy of the statistical classification model to subclassify the subjects in this study as no-LBP, FP, or AEP.
These data indicate that a combination of 7 parameters
of motor control entered into the model resulted in correct classification in 96.4% of cases based on the clinical
decision-making. It is notable that these results were relatively consistent among the 2 validation methods used
(cross-validation: 94.6%; hold-out validation: 74.5%)
(Table 6). This indicates that the model is robust and
capable of accurately discriminating between the sub-

T6

d̂ NO%LBP # 0.77 % A $ 0.82 % B $ 0.4 % C $ 5.13 % D & 0.20 % E $ 5.13 % F & 3.75 % G $ 33.07
# 0.35 % A $ 1.14 % B $ 0.05 % C $ 6.35 % D & 0.579 % E $ 6.35 % F & 2.11 % G $ 32.01
d̂ AEP
# 0.27 % A $ 0.65 % B $ 0.28 % C $ 1.4 % D & 0.53 % E $ 1.4 % F & 1.72 % G $ 17.47,
d̂ FP

¨

where d①
i ; i # No $ LBP, AEP, FP were the discriminant scores and A-G were the measurements on the
7 variables. A new case was allocated to the subgroup
based on their largest discriminant score.
Standardized Canonical Discriminant Function Coefficients
and Scores. The standardized canonical discriminant

F2

indicates that the 7 variables are strong predictors for
subgroup membership.

function coefficients for the model are presented in Table
5 and show the loadings for each variable on the 2 functions. It can be seen that function 1 was dominated by the
sEMG activity of the sLM at the end of forward bending
and the lower lumbar angle during the last quarter of
forward bending. Function 2 was dominated by the posture in sitting (lumbar curvature). Function 1 accounted
for 72.4% of the discriminant variance (Wilks lambda "
0.05; P # 0.0001) whereas function 2 accounted for an
additional 27.6% of the variance (Wilks lambda " 0.33;
P # 0.0001).
Plots of standardized canonical discriminant scores
for each subject are represented in Figure 2. This figure
clearly shows a distinct clustering of the 3 subgroups and

groups as determined by the 2 clinicians.
The classification accuracy was compared for each
block of variables (lumbosacral kinematics and sEMG).
Separate models based only on lumbosacral kinematics
or trunk muscle activation variables showed a decrease
in accuracy of approximately 10% (Table 6).
Differences Between Subgroups Based on Univariate Analysis. Results indicated that the subgroups differed signifi-

cantly on all predictors (Table 7). In summary, these
results showed greater sLM activity for the AEP subgroup at the end of forward bending compared with the
FP subgroup, with the FP subgroup typified by increased
activation of sLM compared with the no-LBP group.

Table 5. Standardized Canonical Discriminant
Function Coefficients
Function 1
Canonical correlation
Eigenvalue
Predictive variables
A Forward bending LLx Q4
B Forward bending SA Q2
C Return Forward bending SA Q2
D Usual sitting Lx
E Usual sitting SA
F Forward bending sLM fully bend
G FRR LM in sitting

Function 2

0.92
5.34

0.82
2.03

%0.97
%0.20
0.74
%0.01
0.69
1.06
%0.58

%0.69
0.81
%0.55
1.00
0.23
%0.11
%0.44

Figure 2. Figure 2 shows plot of standardized canonical discriminant scores for all subjects (FP; AEP). Because there were 2
subgroups in this study, 2 functions were generated. See Table 5
for loading values of variables on the functions.

T7,
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ical classification systems for LBP (e.g.,13,44 – 46) is based
on a judgmental approach. Such an approach relies primarily on the clinical insights of the developer linked
with an understanding of the bio-psycho-social nature of
chronic back pain disorders, which increases the potential for personal bias.14,47 Hence, it is critical to investigate the validity of the proposed classification system
with quantitative measures. Using a Statistical Classification Model, this study demonstrated that clinical subgroups of NS-CLBP patients with a classification of motor control impairment as determined by 2 independent
clinicians, could be discriminated from a subgroup of
pain-free controls, and each other, based on selected parameters of motor control. These findings are consistent
with the clinical criteria for the proposed classification
system15 further strengthening the validity of this system.
The multivariate analysis showed that function 1
maximally separated the no-LBP subjects from the AEP
and FP subgroups (Figure 2). Dominators (as indicated
by standardized canonical discriminant function coefficients; Table 5) in function 1 were activation of the sLM
at full flexion and the magnitude of the lower lumbar
angle in the last quartile of forward bending. Univariate
analysis demonstrated different patterns between the 3
subgroups for the activity of the sLM at full flexion (Table 7). The no-LBP subgroup presented with only 17%
(sub-MVIC normalized) activity of sLM in full flexion
and the 2 clinical subgroups showed significantly higher
levels of activation, yet these were also distinctly different
to each other (AEP " 117%; FP " 87%). Based on the
definition of Flexion Relaxation Phenomena (FRP), a
high level of muscular activity at end range of forward
bending will indicate its absence.48,49
Although several other studies have shown the ability
to discriminate no-LBP from LBP subjects on the basis of
FRP during forward bending (e.g., Watson et al48) the
current study identified 2 distinct patterns of FRP between the FP and AEP subgroups. Combining the differences in trunk muscle activation during forward bending
and the related lumbosacral kinematics strengthened the
proposition that there exists 2 different underlying motor

Table 6. Model, Cross-Validation, and Hold-Out Group
Validation Accuracy (%)

Kinematics & sEMG
Statistical classification model
Model validation
Cross-validation
Hold-out validation
Kinematics only
Statistical classification model
Model validation
Cross-validation
Hold-out validation
sEMG only
Statistical classification model
Model validation
Cross-validation
Hold-out validation

%
Accuracy (Range)

Valid Cases
(n) (no LBP,
AEP, FP Groups)

96.4

29, 10, 14

94.6
74.5 (53.9–93.8)

29, 10, 14
33% of all cases

87.3

34, 13, 16

82.5
65.8 (55.6–79.2)

34, 13, 16
33% of all cases

84.1

29, 10, 16

76.2
64.9 (54.5–82.4)

29, 10, 16
33% of all cases

This muscle activation pattern was associated with the
AEP subgroup maintaining a lordotic posture (no curve
reversal) at the end of forward bending and the no-LBP
and FP subgroups being equally flexed (kyphotic) lumbar spine. The FP subgroup presented with more posterior rotation of the pelvis during forward bending than
the AEP and no-LBP subgroups. Further, the AEP subgroup sat with a more extended lumbar spine and the FP
subgroup with a more flexed lumbar spine, compared
with the no-LBP subgroup. Finally, the results showed an
absence of Flexion Relaxation in sitting (Flexion Relaxation in sitting '1) in the 2 clinical subgroups (AEP and
FP) when compared with the no-LBP subgroup. These
findings are consistent with the proposed clinical classification of these subgroups.
Discussion
This study demonstrated differences between the 3 clinically identified subgroups (no-LBP, AEP, and FP) in parameters of motor control (trunk muscle activation and
lumbosacral kinematics), which concurs with the classification system proposed by O’Sullivan.15,16,43 This multidimensional classification system, like some other clin-

Table 7. Univariate Analysis for Each Predictor Used in the Statistical Classification Model*
ANOVA
Predictor
Forward bending LLx Q4 (°)
Forward bending SA Q2 (°)
Return forward bending SA Q2 (°)
Usual sitting Lx (°)
Usual sitting SA (°)
Forward bending fully bent sLM (% subMVIC)
Sitting FRR LM

No LBP

AEP

FP

F

P

Post Hoc Bonferroni

8.4 (7.6)
%34.6 (7.2)
%45.3 (11.4)

%6.6 (12.8)
%36.9 (6.5)
%39.3 (11.5)

6.1 (9.7)
%26.8 (6.6)
%36.7 (6.3)

12.2
9.5
4.3

#0.001†
#0.001†
#0.18†

%10.8 (10.3)
%11.2° (9.9)
17 (13)
1.4 (0.6)

%26.4 (13.6)
%17.4° (9.6)
117 (89)
1.0 (0.4)

1.9 (6.9)
2.2° (7.3)
87 (67)
0.9 (0.3)

29.2
20.4
36.3
3.7

#0.001†
#0.001†
#0.001†
#0.31†

AEP # FP " no LBP
FP ! AEP " no LBP
No LBP " AEP
No LBP # FP
AEP " FP
AEP # no LBP # FP
AEPv" no LBP # FP
AEP ! FP ! no LBP
No LBP ! AEP " FP

*Data are reported as mean ($SD).
All kinematic variables in degrees; for Lx and LLx, a more negative value indicates more lordosis; for SA a more negative value indicates more anterior tilting of
sacrum (increased lordosis); sEMG in % of submaximal activity; FRR expressed as a ratio usual/slouched sitting.
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control patterns in NS-CLBP subjects (the AEP and FP
subgroups).
High levels of activation of the sLM in the AEP subgroup were associated with an extended (lordotic) spinal
posture and no curve reversal at the end of forward bending (Table 7). This demonstrates that the AEP subgroup
actively posture their spine in hyperextension. Hyperextension has the potential to induce muscle fatigue and
increased compressive loading to the posterior structures
via forces generated by the activity of the extensor muscles.50 The AEP subgroup had reported their pain was
aggravated with extension-related postures and activities
while relief of pain was found with flexion of the lumbar
spine. In contrast, the FP subgroup achieved a comparable range of flexion to the no-LBP subgroup while also
displaying an absence of FRP (Table 7). Ironically, the FP
patients reported that flexion aggravated their LBP while
extension relieved it. It is possible that these patterns of
increased muscular activity of the sLM may have resulted from reflex muscle activation caused by stressing
pain sensitive structures.51
Function 2 maximally separated the 2 subgroups of
NS-CLBP and was dominated by the variables quantifying the subject’s posture during usual sitting (lumbar
angle). Univariate analysis showed that the AEP and FP
subgroups tended to sit at opposing ends of the lumbar
posture spectrum (hyperlordotic and kyphotic, respectively). This was in contrast with the no-LBP subjects
who adopted a more neutral lumbar spine posture18,19
(Table 7). Previous studies have also demonstrated similar habitual loading into end range spinal flexion in the
FP subgroup in both cyclists20 and industrial workers
with CLBP.21 Scannell and McGill52 proposed that individuals with a hypolordotic and those with a hyperlordotic lumbar posture load different regions of the passive
tissue angle-torque deformation curve. Loading near the
end of the curve in turn increases the potential for tissue
strain and pain.
The 2 clinical subgroups presented with a consistent
pattern of altered motor control in both static (sitting)
and dynamic (forward bending) conditions. These results when linked to their clinical data support the concept that these patients present with a maladaptive motor control pattern with the potential to act as an
underlying mechanism for ongoing strain and potential
peripheral nociceptive generation (pain).43 These findings are consistent with Scannell and McGill53 who reported that having a history of low back disorders was
found to be associated with workers moving and activating their muscles in a manner that resulted in higher
spinal loads. The authors also suggested that this pattern
would increase their risk of sustaining tissue damage,
potentially hindering their recovery.53,54
In this study, the pain intensity, disability, and fearavoidance beliefs were similar in both NS-CLBP subgroups, suggesting that these factors were not related to
driving the different motor control patterns observed in
the 2 pain subgroups.

Clinical Implications
This study demonstrated that a series of tests, involving
analysis of posture (static) and movements (dynamic)
reported as aggravating LBP in the patients, discriminated between the 2 patient subgroups and the pain-free
controls, previously clinical identified by 2 independent
clinicians. This finding supports the validity of clinical
process of diagnostics, where a diagnosis is determined
as a result of a complete physical evaluation involving a
series of tests while closely correlating these findings to
the individual’s complaints.15,23,43
The validity of clinical examination to diagnose/
classify LBP has previously been questioned. Bogduk and
McGuirk55 stated there was a lack of evidence to believe
that any particular clinical sign, or combination of signs,
found by the process of examination allows a valid or
reliable diagnosis. Although it is acknowledged that the
“signs and symptoms” of altered motor control without
the process of diagnostics are potentially meaningless,
the results of this study suggest that analysis of postures
and movements that form the basis to subclassify (when
correlated to the patients pain behavior), are “real phenomena” in NS-CLBP patients with motor control impairment.
The results highlight the heterogeneity of the NSCLBP population with regards to motor control of the
lumbar spine and the potential importance of classification in the identification of subgroups. These findings
also have potentially important implications for therapeutic management. A motor learning intervention15 directed at changing maladaptive movement behavior to
unload sensitized spinal structures, seems a logical approach when considering these data. This approach represents a cognitive movement-based intervention, aimed
at teaching pain control by altering maladaptive movement behavior while enhancing functional capacity.15
Previous research into this motor learning approach to
managing specific subgroups of CLBP patients has been
shown to be effective.56
Implications for Clinical Research
This study provides support for the classification of NSCLBP patients with motor control impairment. The heterogeneity of the NS-CLBP population provides further
support for the need to identify and use subgroups in
clinical research. For example, recent studies examining
sitting in NS-CLBP patients have demonstrated a “washout effect” where the findings in one subgroup of patients
were “washed-out” by the opposite findings of patients
belonging to another subgroup when classification was
not applied.18,19
To gain a better understanding of the different and
complex aspects of altered motor control in NS-CLBP,
the findings of this study support the approach taken,
where both clinical and laboratory (trunk muscle activation and lumbosacral kinematics) data are combined.
Spinal kinematic and sEMG data are deemed critical to
provide an insight into the functional spinal postures
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adopted in the different subgroups relative to the spine’s
neutral and elastic zones.57,58 This in turn provides speculative insight into the relative loading of the passive
spinal structures.
The development of a series of tests that discriminate
patients with motor control impairment provides the basis for further investigations into treatment outcomes
and the role of motor control impairment in the generation and maintenance of LBP. Such investigations have
the potential to provide greater insight into the cause/
effect dilemma of altered motor control and its relationship to LBP.59
An advantage of using a classification method incorporating a series of functional tests for clinical research
into NS-CLBP is that these tasks are not as susceptible to
the inaccuracies observed by volitional control.60,61 This
is supported by the excellent reliability that was observed
between testing sessions. Although simple functional
measures such as gross trunk ROM, the coordination of
different regions of the spine and pelvis is a characteristic
that is largely independent of willful regulation.60,61 As
only low-level exertions (e.g., submax MVIC) are required for this type of testing, this makes it widely applicable in LBP populations.

by means of outcome studies (RCT); such validation is
currently underway.
It was beyond the scope of this study to reveal the
answer to the “chicken or egg” dilemma regarding “altered motor control and LBP.” From this perspective it is
essential to do more longitudinal studies (e.g., looking at
patients for a longer period of time during the day) or
prospective studies and investigate if LBP causes altered
motor control or altered motor control generates LBP.
Conclusion
A Statistical Classification Model using laboratorybased methods to quantify parameters of motor control
demonstrated that the differences between no-LBP, AEP,
and FP subgroups are real phenomena and support the
clinical decision-making process of trained clinicians.
The altered motor control patterns identified, when
linked to the clinical data, represent potentially provocative and maladaptive movement behavior that represents a potential mechanism for peripheral nociceptive
drive of pain. These results increase the evidence for the
validity of the proposed classification system.
Key Points

Limitations
A potential limitation of this study was the use of clinicians as the gold standard. However, as the aim of the
study was to assess the validity of this clinical decisionmaking process, it was necessary and reflects the reality
of clinical practice. In this context it is acknowledged
that good performance of the Statistical Classification
Model refers to good prediction of the gold standard
clinical classification.61
Further, the information regarding the level of muscle
activation is limited to the superficial muscles assessed
via surface EMG. Intramuscular EMG techniques are
required to determine changes in the deep spinal stabilizing muscles and to gain a more complete understanding of the relevance of all trunk muscles (and their dysfunction) in LBP populations.
It is further acknowledged that the application of
strict inclusion/exclusion criteria limits the generalisability of our results to patients with an AEP and FP classification. Further studies should include other patterns of
motor control impairment as described by O’Sullivan.15
Other patterns were not tested for logistical reasons and
convenience of sampling. It is possible that the Statistical
Classification Model could be customized (using different parameters) to other motor control impairment patterns and to other LBP subgroups.
The authors acknowledge that further validation
studies are required for the overall clinical validation of
the classification system. It is essential to test the efficacy
of incorporating the classification model in the decisions
of selecting specific treatment based on the underlying
mechanism. It will also be important to test the validity

● A Statistical Classification Model demonstrated
that 2 clinical subgroups of NS-CLBP patients with
MCI can be discriminated from asymptomatic controls, and each other, using selected parameters of
motor control.
● The data support the concept of NS-CLBP patients presenting with maladaptive motor control.
● The differences in trunk muscle activation and
lumbosacral kinematics in 2 subgroups of NSCLBP found in this study strengthens the hypothesis that there exist distinctly different underlying
mechanisms of pain.
● The results highlight the heterogeneity of motor
control of the NS-CLBP population and this may
have important implications for clinical research
therapeutic management.
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